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-Message from SLAAI President - 

 

The SLAAI International Conference on Artificial Intelligence, organized by Sri Lanka 

Association for Artificial Intelligence (SLAAI), is the 13th annual gathering of researchers, 

practitioners, students who are interested in Artificial Intelligence (AI) in Sri Lanka.  SLAAI was 

formally established in the year 2000 as the first AI research group in Sri Lanka, with the vision of 

popularizing AI among the academics, researchers, practitioners to promote AI Industry in the 

country. 

AI has gone through huge expectations followed many disappointments. We have seen the rise 

and fall of expert systems, neural networks, and the use of statistical models for reasoning. Once 

again, we are in the era of heightened expectations regarding AI. We now have Siri, Cortana, self-

driving cars and deep learning systems that promise an outstanding level of machine intelligence, 

where today’s industry can highly benefit. 

Under such a heightened environment, the role of SLAAI is very vital in establishing AI-Industry 

in Sri Lanka.  To reach its objectives, SLAAI has organized many workshops to disseminate the AI 

knowledge to the society, conducted several Meet-ups, opening forums for practitioners to reach 

the IT industry, and several competitions inspiring students to join hands with SLAAI. SLAAI should 

be very proactive in disseminating the knowledge to the community and linking practitioners with 

IT-industry in the future as well. Align to the very purpose; this conference has been themed to 

“Progress in AI and Increase in its business adoption”, allowing many researchers to discuss their 

findings applicable to the Industry.  

The conference marks the final event of the year where we provide a focal forum for all our 

researchers, practitioners to share their knowledge, expertise, findings with the community of AI. 

As the president of SLAAI, I would like to thank the panel of judges, session chairs, panel of 

reviewers, the program committee, authors and presenters, generous sponsors, administrative staff 

of University of Moratuwa who wholeheartedly supported the conference, staff of Faculty of 

Information Technology those who organized logistics and many others who contributed to its 

success. 

 

Subha Fernando, Dr.Eng 

President, Sri Lanka Association for Artificial Intelligence 

31.10.2017 
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-Message from Conference Chair - 
 

It gives me great pleasure to send this message to SLAAI-International Conference on Artificial 

Intelligence of the 13th Annual Sessions of Sri Lanka Association for Artificial Intelligence (SLAAI). 

Formal establishment of SLAAI had taken place in early 2000 as the successor to the first AI 

research group, AIRLK, in Sri Lanka. SLAAI was established with the objective to promote AI 

Education and Research in Sri Lanka. For more than last 17 years, SLAAI has immensely 

contributed to promote AI in academia and industry.  Among other services, Annual Sessions of 

SLAAI has offered the forum for presenting and publishing AI research in Sri Lanka, and 

dissemination of such knowledge to a wider audience comprising of academia, industry and the 

student community. 

SLAAI – International Conference on Artificial Intelligence has expanded its horizon to attract 

both local and international research papers in AI. In 2017, SLAAI has noted an increase of 

submission of research papers covering AI research conducted locally and internationally through 

some collaboration with Sri Lanka. We are pleased to notice that the papers submitted to SLAAI 

covers a broad spectrum AI technologies including Ontology, Deep Learning, Machine Translation, 

Multi Agent Systems, Evolutionary Computing, and Convolutional Neural Networks, Having gone 

through the double-blind peer review process, SLAAI has selected 60% of papers for presentation 

and publication. According to the practice of SLAAI, subsequent to the presentation at the 

conference, improved papers will be published in the Proceedings.  

I take this opportunity to express my sincere thanks to the keynote speaker, plenary speaker, 

session chairs, reviewers, panel of judges, authors of the papers, program committee and council 

members of SLAAI for their untiring effort to make this event a success. A special thank goes to Prof. 

Ananda Jayawardana, Vice-Chancellor of University of Moratuwa, Eng. PM Karunathne, Dean of 

Faculty of Information Technology, and the Staff for their support to host the Conference in this 

year at University of Moratuwa.  

 

Prof. Asoka S Karunananda 

Conference Chair / SLAAI 

31.10.2017 
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-Keynote Speech- 
 

Artificial Intelligence in New Media and Entertainment 

Prof. Janaka Rajapakse 
Graduate Institute of Animation and Film Art 

Tainan National University of the Arts, Tainan, Taiwan. 
 

Abstract 
 

Artificial Intelligence (AI) technology is revolutionizing the development process. Learn how 

major intelligence innovation platforms currently available from deep learning can help you 

solve major design/development problems and bring real value to your business. Architecture 

Engineering & Construction, Manufacturing, and Automotive are just some of the industries 

experiencing the most exciting shift in the design process in over a decade. 

And the graphic hardware programing has proven to be effective at solving some of the  most 

complex problems in the entertainment industry. It started out as an engine for simulating 

human imagination which produces up the realistic virtual worlds of video games and Hollywood 

films. Today, virtual reality (VR) is the latest hype for game developers for engaging audiences 

from content consumption perspective. However, the AI technology has much broader 

applications.  As results of the latest advancements in AI technologies are becoming approachable 

for engineers, architects and visualization specialists. Meanwhile VR/AR and 3D printing are 

enabling new workflows in design, prototyping, visualizing and marketing products. Are you 

ready for this technology explosion? What tools and AI-ready technology can amuse you and your 

employees get entertainment and safely? This speech will focus on different available virtual-

reality (VR) and 3D printing technology, with the purpose of implementing AI into their 

workflows. We will have an in-depth discussion both about our developments, as well as about 

future perspectives. 
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-Plenary Talk- 
 

AI in Your Pocket: Myth vs Reality 
 

Dr. Ruwan Weerasinghe 
University of Colombo School of Computing, Sri Lanka. 

                                                                                                 

Abstract  

 

The once spurned technology 'artificial intelligence' has made a comeback! And with a 

vengeance! AI is now the darling of not just some techies, but mainstream CXOs! What 

caused this dramatic shift and how realistic is the expectation that society now bestows on 

it? 

This talk will explore some of the reasons for the current resurgence of interest in AI, 

and try to disentangle the hype from the reality 'on the ground'. It will also open up a 

conversation on what as AI professionals, our own opinion on this should be, as we 

encounter it at business meetings and the very corridors of power. 
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Ontology Design and Development for 

University 

Admission in Sri Lankan Universities 
T. S. D. H. S. Wickramarathna1, C. Anutariya2 

1Uva Wellassa University, Badulla, Sri Lanka. 
2Asian Institute of Technology, Pathumthani, Thailand. 

 

Abstract 

University Admission process is a complex and 

time-consuming task which requires experts’ advice in 

all the stages. Since the different stages belong to 

different organizations, it is rare to find experts having 

an overall knowledge of the process, from whom 

anyone can get a complete guide. Local universities in 

Sri Lanka are fully government funded but able to 

admit only around 10% of the qualified students. This 

leads to a high competition in admission but proper 

guidance in the admission process is still not 

established. A research has been conducted to develop 

a recommendation system to encapsulate the 

complexity of university admission process and help 

students to take the most suitable decision. In this 

paper, design and development of the Ontology, which 

is the knowledge base for the recommendation system 

is discussed. This Ontology model the undergraduate 

admission scenario in Sri Lanka, together with the 

career path mapping, so that students can far see their 

future opportunities before taking decisions on 

advanced level subject selection and university 

application. Ontology was developed using Protégé 

and was tested by running SPARQL queries. SPARQL 

query results confirmed that the ontology design is 

comprised with the real world. 

Keywords: University Admission, Ontology with 

Protégé, Career Path Mapping, SPARQL Queries. 

1. Introduction 

University admission is a complex decision 

process that goes beyond simply matching test 

scores and admission requirements. Whether a 

student chooses a right university and right degree 

program, and conversely whether a university 

chooses a right student, decides the success of 

both institute and the students in carrying through 

the education. Admission and enrollment studies 

are generally focused on the university or collage 

perspective, and studies based on secondary 

school subject selection perspective is limited.  

Higher education at local universities in Sri 

Lanka is fully government funded. However, due 

to lack of budget allocation and limited facilities, 

local universities are able to admit only around 

10% of the qualified students [2]. This leads to a 

high competition in the admission, but proper 

guidance in admission process is still not 

established. Therefore, it is crucial to detect the 

influential factors in order to be able to reduce the 

failures of qualified students in admission. Data is 

available located in different data stores, with 

different names for identical entities. For this 

reason, the entities of the university domain and 

the relations between them must be defined.  

There are around 100 distinct degree streams 

offered by Universities in Sri Lanka. Each stream 

has minimum subject requirements from 

Advanced level subjects while some degrees may 

have an additional requirement such as Ordinary 

Level results and aptitude tests. Each degree 

stream has planned intake for the particular 

academic year. Universities offer degrees under 

degree streams through different faculties and 

departments. Same time these degrees mapped to 

certain career paths according to the standards set 

by organizations and companies.  

In summary, major problems and difficulties 

in Sri Lankan University admission system can 

broadly be identified as follows [3]. 

• Limited facilities, high competitiveness 

• Limited Guidance in A-Level subject 

selection 

• Limited awareness about specific entry 

requirements in some universities 

• Mismatch between labor market supply 

and demand 
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• Limited awareness about other territory 

education options 

  Therefore, a recommendation system would 

be much helpful for students as it will encapsulate 

this complexity and help students to take the most 

suitable decision. In this study, ontology will be 

developed, as it will be the knowledge base for the 

future recommendation system. Ontology was 

developed using Protégé as Protégé is the most 

popular tool for ontology editing and developing 

[8]. This ontology model the undergraduate 

admission scenario in Sri Lanka together with the 

career path mapping such that the data can be 

published by University Grants Commission 

(UGC), universities and companies to be referred 

by students to far see their future opportunities.  

Though this study is limited only to Sri Lankan 

National university admission system, it can 

simply be expanded and applied to other countries 

with minor changes. 

 

2. Related Work 

There are several possible approaches to solve the 

mentioned problem. Considering the limitations 

and known problems in other approaches, Linked 

Data approach is selected and Ontology was 

developed as the knowledge base.  

Ontology is the statement of a logical theory. 

The term Ontology comes from philosophy. It is 

an explicit specification of a conceptualization. In 

AI field, it believes that whatever exists can be 

represented. When the knowledge of a domain is 

represented in a declarative form, the represented 

set of objects is called the universe of discourse. 

These sets of objects along with the relationships 

described among them are reflected in the 

representational vocabulary. The knowledge-

based program represents knowledge using this 

vocabulary [12]. 

In AI ontology is described by defining a set 

of representational terms. The definitions 

associate the names of entities in the universe of 

discourse with human- readable text by describing 

what the names mean, and formal axioms that 

constrain the interpretation and well-formed use 

of these terms [13]. Gruber [12] defines an 

ontology as explicit formal specifications of the 

terms in the domain and relations among them. 

An ontology is consists of definitions of concepts 

in a domain and relations among these concepts. 

These definitions allow developing artificially 

intelligent applications as they are expressed in a 

machine-interpretable way. Ontologies are 

considered as the cornerstone of the semantic 

web. Ontologies will capture the domain 

knowledge in a generic way in order to provide a 

clear understanding of a domain. They are 

referred as the shared conceptualization of a 

domain since they include the representation of 

these conceptualizations [7]. Ontologies do not 

depend on the application that uses them. This 

independence makes the software and knowledge 

maintenance easier and enhances the semantic 

interoperability between applications [8]. 

Therefore, it can be claimed that ontologies 

constitute the backbone of the Semantic Web. 

Ontologies can be used very effectively in 

different application fields and they provide a 

specification of a formal common representation 

of an application field trying to reduce the 

distance between the way people and machines 

manage information. 

Several software tools are required in the 

ontology development process [8]. There are 

number of open-source as well as commercial 

tools are available for ontology development and 

they referred as Ontology editors. Some tools can 

be used throughout the entire ontology 

development process whereas some tools can be 

used in several stages of the ontology lifecycle 

like designing, implementation and maintenance 

of ontologies. Protégé is a free, open-source 

ontology and knowledge base editor and 

framework produced by Stanford University for 

building intelligent systems. Protégé is used by 

diverse of users for build knowledge-based 

solutions in several areas. Protégé provides 

facility to constructing domain ontologies as well 

as customized data entry forms to enter data. 

Classes, variables, class hierarchies, the 

relationship between classes, variable value 

restrictions and properties of relationships can be 

defined using Protégé. 

Even though there is no any ontology 

developed to cover up the entire university 

admission process, there are few initiatives to 

model the university by creating ontology for that. 

Naveen et al. [10] have created a university 

ontology using Protégé as the tool. They 
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performed their task in seven steps starting with 

defining the classes and class hierarchy followed 

by defining object properties and data properties, 

identifying the relationships between properties, 

axioms of ontology and finally the reasoning of 

ontology. There are some other similar initiatives 

in a related topic of the university in education 

domain such as developing university ontology, 

by Sanjay Malik in 2010 [4]. In their ontology, 

they have the emphasis on the university 

employee detail only based on the name of the 

employee, date of joining , address etc. and 
ontology based on course, Ling Zeng, et al. 2009 

[11] which focus on a particular course to reuse of 

course for teaching purpose. Ayesha Ameen, et al 

in [5] developed a university ontology mainly 

focused on the properties and their restrictions. 

They also used Protégé as the developing tool. 

 

3. Ontology Design and Development 

Protégé is chosen for implementation because it 

enables the construction of domain ontologies, 

and customized data entry forms to enter data. 

Protégé allows the definition of classes, class 

hierarchies, variables, variable-value restrictions, 

and the relationships between classes and 

properties of these relationships [4]. Moreover 

according to some surveys about most widely 

used ontology editors and most widely used 

domain for ontology development. 

There are several design strategies introduced 

for ontology design [7], [9]. However design 

strategies presented in “Ontology Development 

101: A Guide to Creating Your First Ontology” 

[1] was followed to develop the ontology. That 

strategy consists of following steps: 

• Determine domain and scope of ontology 

• Consider reusing existing ontologies 

• List important terms in the ontology 

• Define the classes and the class hierarchy 

• Define properties of classes 

• Define facets of the properties 

• Create instances 

When determining the domain and scope of 

the ontology, identifying the competency 

questions is crucial. Competency questions 

summarize the types of questions that the 

ontology should be able to provide answers and in 

here competency questions were designed by 

referring the information provided in [2],[6] and 

also from the official websites of University 

Grants Commission, Examination Department, 

Ministry of Higher Education. 

 

A. Define the classes 

A class definition can be done using different 

approaches. A top-down development process: In 

this approach, class definition is started by 

defining the most general concept in the domain. 

A bottom-up development process: Specific 

classes of the domain will start defining first in 

this approach. Apart from that, a combination 

development process, which is a combination of 

both top-down and bottom-up approaches, can 

also be used. 

Thirteen classes; University, ALStream, 

Faculty, Subject, Department, Course Of Study, 

Higher Educational Institute, Score Restriction, 

Eligible Requirements, District, Student, Degree, 

and Career are identified as the top level classes in 

the ontology class hierarchy. Figure 1 visualizes 

the top-level classes of the ontology. 

Figure 1: Top Level classes of Ontology 

 

After identifying the top-level classes of the 

ontology, ontology hierarchy was developed by 

creating the subclasses. When defining the classes 

and subclasses, rules and restrictions, which 

needed to be embedded in the ontology, are also 

modeled. In the top-level class Subject, it has been 

identified that there are around 50 A/L subjects 

offered in Sri Lankan schools and they are 

categorized into 7 categories. In Sri Lanka, there 

are five major A/L streams available. The student 

will fall into one of the A/L Streams based on his 

subject selection. Not all three-subject 

combinations are valid. A/L streams are having 

restrictions in subjects, and student should select 

the subjects accordingly. The courses of Studies in 



Ontology Design Development for University Admission in Sri Lankan Universities 

 

 

 

 

SLAAI - International Conference on Artificial Intelligence             University of Moratuwa, Sri Lanka                     31st October 2017  

4 

the Universities are categorized based on the A/L 

streams. However, there are some courses of 

studies that are not restricted only to one A/L 

stream.  

Degree is another top-level class of the 

ontology. Degrees are grouped based on the type 

of the degree (eg: BSc, MBBS) offered by the 

university. There are restrictions about a valid 

course of studies to obtain a specific degree. For 

example to obtain a medical degree student must 

have followed biological science course of study. 

Career, Student, District, and ScoreRestrictions 

are other top-level classes. To enter into a certain 

career, a student must have done a specific degree. 

For example, if a student wanted to become a 

medical doctor then he must have followed 

medical degree. However, there are some career 

opportunities for students holding any type of 

degree. 

Student is one of the important classes, which 

will visualize the current user of the system. In 

order to be eligible to apply for the university, 

admission student must fulfill some eligibility 

requirements mentioned by the UGC. Since the 

district of the student applying for the university 

take into the consideration districts in Sri Lanka 

and their minimum scores restrictions for the 

course of studies are modeled.  

Higher Educational Institutes in Sri Lanka can 

be basically divided into two categories; Degree 

offering institutes and non-degree offering 

institutes. Universities are degree-offering 

institutes. Teacher training colleges, Technical 

Training colleges etc. categorized under non-

degree offering institutes as they are not offering 

degrees but only diplomas. However, a student 

cannot enroll into any of the two higher 

educational institutes simultaneously, regardless 

of whether it is a degree offering or non-degree 

offering institute. Major academic division of a 

university is called Faculty and every university 

must have at least one faculty. A faculty is 

composed of several departments and in one 

faculty, there must be at least one department. 

 
B. Define properties of classes  

To construct the relationship between classes 

data and object property restrictions are added. 

Table 2 shows the object properties defined in the 

ontology. Properties link individuals from the 

domain to individuals from the range. Inverse 

property of the defined property and also some 

restrictions added into the properties are 

demonstrated in the figure. 

Data properties are defined in order to 

visualize the relationship between individuals of 

the classes and the literal values. Table 1 shows 

the data properties used in the ontology. 

Property restrictions are added to make sure 

the ontology is representing the correct existing 

knowledge. Following are some sample existential 

and cardinality restrictions. 
 

Table1. Data Properties of the Ontology 

 
 

• A University should have at least one Faculty 

• Faculty should have at least one Department 

• Department should offer at least one Degree 

• A Degree should belong to at least one-degree 

stream. 

• Medium of instruction of a degree should be 

at least one language and should have exactly 

one duration in years, which should be greater 

than 3. 

• Advanced Level Stream is composed of 

exactly 3 Advanced Level subjects. 
 

Table2. Object Properties of the Ontology 
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C. Define Instances 

In order to check the correctness of 

relationships and confirm the strength of ontology 

to planned Competency Questions, set of 

individuals under each class are defined. After 

creating, the instances reasoner were synchronized 

and tested to check whether it correctly performed 

according to the defined rules. All the rules were 

correctly reasoned. For example Chemistry 

individual were created under Science subject 

category and once the reasoner synchronized, it 

automatically identified that Chemistry is a 

subject of Physical Science, Biological Science 

Agri Science and Technology Science A/L 

streams. Moreover, it identified the degrees, 

which Chemistry is a subject requirement. 

 

4. Experimental Results 

Correctness of class hierarchies and the 

restrictions were tested by adding test classes to 

the ontology. All the tests were successful and 

inferred hierarchy correctly listed the classes. For 

example, to check the correctness of the A/L 

streams, few test classes were added and tested 

whether the reasoner inferred it correctly. Figure 2 

shows that the reasoner correctly identified the 

Test class should fall in to Arts Stream 

(Highlighted in light orange color).  

 
Figure 2: Inferred hierarchy test of A/L Stream 

 

The ontology or the knowledge base can then 

be used to retrieve answers for several intelligent 

questions. Reasoners and SPARQL query engines 

can be used to query and grab the desired answers 

from the system. Among the question pool created 

by the questions sent by the A/L and O/L students, 

50 questions were selected and tested. All the 

queries returned the expected answer. Some 

answers were not complete due to lack of data 

embedded to the ontology, but the answer was 

correct according to the available data.    

Following are some sample scenarios that 

demonstrate the knowledge retrieval from the 

developed knowledge base. 

Scenario 1: Student wants to enroll into any 

course of study under Biological Science course 

of study. He wants to know the possible list of 

subjects he can follow. 

 
Figure 3: SPARQL Query and Output: Subject requirement for A/L 

streams 

Scenario 2: Student wants to know the 
possible degrees he can follow in order to become 
a Software Engineer. 

 
Figure 4: SPARQL Query and Output: Degree qualification for a 

career 

Scenario 3: Student wants to know the 
degrees which are having Aptitude test as 
additional entry requirements. 

 
Figure 5: SPARQL Query and Output: Degrees having Aptitude tests 
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Scenario 4: If a student has already done 
Chemistry, Physics and Combined Mathematics 
for his A/Ls what are the course of studies he can 
enroll? 

 
Figure 6: SPARQL Query and Output: Course of studies for A/L 

subjects 

Scenario 5: Student wants to know what the 
possible career opportunities are if he obtains a 
particular Degree. 

 
Figure 7: SPARQL Query and Output: Career opportunities for a 

Degree 

 

5. Conclusion 

University Admission process is a complex and 
time-consuming task which requires experts’ 
advice in all the stages. All the required 
information are available but scattered in the web. 
There is no proper linking in this available 
information hence reduce the value of it. Not only 
the lack of interconnectedness but also this 
information is presented in a format which only 

human users can consume. Computer agents or 
applications cannot understand this information so 
that data is isolated. 

Developing a recommendation system to 
guide the students in this complex process was the 
main objective of this research and Ontology was 
designed and developed as the knowledge base of 
the system. It was designed and implemented 
using the ontology editor Protégé. Correctness of 
the Ontology was tested by running several 
SPARQL queries. Around 50 queries were tested 
and all the queries returned the expected results 
and it confirmed that the ontology design is 
comprised with the real world. 
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Abstract 

Mind uploading has been an emerging field of 

Artificial Intelligence. This area has been primarily 

influenced by the research and developments in 

Brain Computer Interfacing (BCI). This paper 

presents a research into BCI and its influence on 

mind uploading. In this context first, a description of 

the essentials of brain waves, BCI technology, and 

analysis and processing of brain waves are 

presented. Secondly, it proceeds to discuss the mind 

uploading technology with reference to EEG based 

brain waves analysis through BCI. The research has 

revealed the recent developments in mind uploading, 

its applications such as data backup, immortality and 

uploaded astronauts. More importantly, it has 

discovered legal and social concerns of mind 

uploading as a matter, which has not been given 

adequate attention, despite the numerous 

developments in the technological landscape of mind 

uploading research.   

Keywords: Mind Uploading, Brain Waves Analysis, 

Brain Computer Interfacing, Data Backup 

1. Introduction 

Mind Uploading is an emerging field, which is 

commonly misconcepted as a mere scientific 

fiction, yet the potential of the state of art was 

hidden for centuries. Mind uploading is the 

method of copying the organic brain and 

transferring it to a computer chip [1].When the 

copy is being made, the computer can run a 

simulation model so that the copy can respond 

the same way as the initial organic brain. People 

are born to this world had then at the very end, 

all those who were born, die. When they die 

their core values and knowledge dies along with 

them. Only their doings and publications 

remain. What about the important work they 

were doing before dying, what about the 

knowledge areas they contained in their 

amazing brains, which were not revealed to the 

world? If we somehow can preserve their 

knowledge values, the world indeed would be a 

much more intelligent place. Mind Uploading 

therefore provides hope to the above-mentioned 

issue since these amazing minds can indeed be 

recorded and preserved for future use with the 

aid of mind uploading.  

This area of knowledge is an inter-

disciplinary study connecting many areas 

relating to neuro-science. It involves brain 

imaging, neuroscience, computer science, AI, 

psychology philosophy and many more. Earlier 

this study area was a seemingly science- 

fictional subject. Later scientists implemented 

researches about these fictional suggestions to 

run experimental and theoretical research 

programs. This paper presents our research into 

the field of mind uploading, its applications and 

unattended dimension of mind uploading.  

   Rest of the paper is organized as follows. 

Section 2 talks about BCI technology. Section 3 

is on Mind uploading. In Section 4, we describe 

the Blue Brain project as the most cited mind 

uploading initiative to date. Section 5 describes 

some major applications of mind uploading. 

Section 6 presents the challenges or concerns 

related to mind uploading research. Section 7 is 

discussion to highlight the key finding of the 

research. Finally, Section 8 concludes the paper. 
 

2. Essentials of BCI 

Before moving on to the study of Mind 

Uploading or Whole Brain emulation, it is 

necessary to follow up the history, which led 

from BCI to the development of Whole Brain 

Emulation. The findings are as follows.  
In 1875, the British Physician Richard Caton 

was the first to record electrical impulses emitted 
due to brain activity. Hans Berger, German 
Psychiatrist  recorded these signals from the 
scalp in 1929 [1]. The method of Brain 
Computer Interfacing was first introduced in the 
late 70s, but the usage of this technology was 
limited and set aside due to the costliness of the 
equipment that are needed and the complex 
methodology that needed to be followed in the 
procedure. Today due to the development of 
technology, there exist low cost BCI devices. 
Examples for such cost effective equipment are 
the “NeoruskyMinwave device” and the 
“Emotive EPOC headset”[2]. 
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A. BCI ( Brain Computer Interfacing) 
Definition 

BCI is the systematic way that measures and 
uses the signals of the brain and converts them 
into actions by using a specially programmed 
computer systems and equipment [1]. It can be 
stated that BCI is the accepted method for a 
brain and a machine to communicate with each 
other efficiently. 

Even though BCI enables interactions with 
the brain, the brain does not use any of its usual 
neural systems in order to pass brain 
information. or its normal output channels[1].In 
other words humans can control machines or 
synthetic equipment without and muscular 
activity. Simply the brain activities are 
translated into commands and control signals 
[3]. 

 
B. BCI System 

The Brain Computer Interfacing 
methodology consists of two major controllers. 
They are the user and the BCI system. The user 
who has an organic brain makes the brain 
signals from their mind activities and the BCI 
system converts these generated signals into 
commands or stimulations that can control 
synthetic systems or machines [4]. 

There are two basic categories to record 
brain signals for BCI. They are the noninvasive 
record methodologies and the invasive record 
methodologies. These methodologies are the 
invasive system and the noninvasive system.  

The invasive system is the hard and the 
difficult way. In this method the brain is reached 
by piercing the human scalp with a needle and 
sensors are implanted in the brain [5]. Examples 
for such invasive methods are 
ElectroCorticoGraphy [ECoG] and 
MicroElectrodeArrays [MEAs][6].  

 
Figure 1: ECoG Sensor Placements 

 

The noninvasive record methodologies 

include recording of electroencephalography 

[EEG], functional magnetic resonance imaging 

[fMRI], positron emission tomography [PET], 

infrared imaging [IR], near infrared 

spectroscopy [NIRS] , fetal magneto 

encephalography [fMEG] and single photon 

emission computed tomography [SPECT] [1].  

 
Figure 2: EEG Sensor Placements 

 

One of the efficient devices to acquire such 

brain signals is the EEG Emotiv EPOC neuron 

headset. The headset gathers signals from the 

tissue of the scalp.  

 
C. The Headset 

 
Figure 3: Outlook of the headset 

The Emotive EPOC headset is one of the 

commercially available systems for the general 

public. It is cost effective and is available for 

both general consumers as well as researches. 

The EPOC Neuron headset consists of 14 

electrodes. There exists another 2 extra 

electrodes that are used as points to mark 

specific spots on the brain. The other electrodes 

are placed systematically as per the technology 

followed [4]. 

The above electrodes are made out from 

metal covered in a plastic base. It is wetted with 

saline water before placing on the scalp for 

signal acquisition[5]. 

The number of brain signal samples taken 

per second is 2048Hz. The resolution that can be 

obtained from this headset is 14 bits. The 

bandwidth of the signals that can be handled is 

0.2-45HZ [8]. 

 
D. Signal Processing Method 

Before any processing is done to the above 

acquired signals, the noise or the interruptions in 

the acquired brain waves are duly removed. This  
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Figure 4: Sensor Placements of the Headset 

 

noise is known as the power line noise. Then 

features are being extracted and then they are 

translated into commands by the classifier. The 

EEG based BCI depends on the thinking pattern 

of the human it is tested on, but basically the 

brain pattern tracking depends on the sorting 

algorithm used that is been used[9]. 

 
E. P300 BCI 

Based on the type of signals BCI can be 

divided into 2 types. The first is Exogenous BCI 

and the second type is the Endogenous BCI. 

Endogenous BCI system consist those based on 

sensorimotor rhythms and slow cortical 

potentials (SCPs) which requires a period of 

intensive training. Exogenous BCI system uses 

the brain signals that are P300 stimulated. These 

signals are of two types, there are “related 

potentials” and “Steady State Visual Evoked 

Potential” (SSVEP) which does not require any 

intensive training [10]. Among all the BCI 

systems, P300 BCI is very popular and famous. 

There are various techniques to improve 

accuracy and flexibility of P300 based BCI [7]. 

 

3. Mind Uploading 

With Whole Brain Emulation it is possible to 
map the exact brain functionality [9]. One-to-one 
mapping of the brain can be achieved via this 
method. With the development of Mind 
Uploading, the researchers are guaranteeing that 
it would enable software intelligence, copyble 
human capital, give rise to new ethical problems, 
immortality and a post human species. 

Hans Moravec in 1988 was the first to 
publish a technical explanation about replacing 
brain cell to brain cell with software with his 
publication named Mind Children: The future of 
Robot and Human Intelligence [11].  

Ralph Merkle, who is a distinguished 

computer scientist, was the first person to 

attempt to analyze the brain emulation. It was 

conducted in 1989 where the researcher 

conducted tests to review the automated analysis 

and tested on re-establishing methods of the 

brain. With the success of the tests, he further 

stated that, “a complete analysis of the cellular 

connectivity of a structure as large as the human 

brain is only a few decades away”.  

After the concept was introduced, there 

came several projects those scanned and 

reconstructed the human brain in a massive 

scale. An important examples for such a project 

is the Blue Brain project [9]. 
 

A. Data for Whole Brain Emulation 

What we do in Brain Emulation is to get a 

one-to-one copy of the functional mind, 

independent of its organic structure to a 

biological substrate. Several types of data are 

obtained to model whole Brain Emulation. They 

can be described as follows [12].  

The first data is the mind state. It is the 

photograph of the minds activity that depicts the 

internal awareness and the main factor that gives 

meaning to the way in which each person 

behaves [13].  

The second data is the Mind Transition 

Functions. These functions showcase the real 

time development of the mind state. With this 

second type of data a person’s future mind state 

can be predicted when a mind state of a person 

at a particular instance is given.  
The third and the final type of data is the 

Transition Update Functions. This type of data 
explains how the second type of data or the 
above said Mind Transition Function change 
due to modifications created by the mental 
activity of the evaluated person. Examples of 
change in the biological substrate are modified 
neurotransmitter vesicle concentrations, 
modified local calcium concentrations, modified 
axodendritic model, synaptogenesis, 
neurogenesis structure etc. [14]. 

 

B. The Methodology 

The typical human brain consists of 

approximately 85.5 billion nerve cells or in 

other words neurons. Each neuron is linked 

separately to other such neurons by axons and 

dendrites, which are also parts of the neuron 

body. The signals between the neurons are 

transmitted releasing and detecting biological 

chemicals known as neurotransmitters.  

Mind uploading can be achieved by using 

any of the following two methods. The first 

method is the copy and transfer method while 
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the second method is the slow and steady 

replacement of neurons. Among the above said 

two methods, the copy and transfer method is 

the technique that is used in a larger scale. What 

is being done is that the basic structure of the 

neuron system is mapped into a simple artificial 

neural network. Then, the rest of the simulations 

and visualizations are carried out.  

 
Figure 5: Copy and Transfer 

 

4. The Blue Brain Project 

Blue Brain is a project that was initiated to copy 

and transfer all the contents of the human brain 

into a virtual brain that resides in a super 

computer. It is like uploading a mind to a 

computer.  

Through, this Blue Brain project researches 

focused on preserving a person’s memory, 

knowledge and intelligence for forever even 

after the death of that person. It also focused on 

solving the issues people face when 

remembering things in their day-to-day life such 

as history, names and routes.  

The project was led by Henry Markram, 

Felix Schurmann and Sean Hill and was 

initiated in year 2005. In 2006, the scientists 

were able to successfully simulate and upload a 

neocortex of a rat. The neocortex is the most 

developed part of the cortex, which is 

responsible for sight, conscious thinking and 

hearing of mammals, which is one of the 

complex parts of the neuron system. 

The objective of the project was carried out 

by implementing a neo-cortical column. It is the 

smallest functional unit the neocortex and is the 

brain component, which is responsible for 

higher functions such as consciousness. In 

humans, this column is 2mm in height, 0.5 mm 

in diameter and is composed of about 60,000 

neurons.  

The researches built the first single cellular 

model in 2005. The first artificial neocortical 

column containing 10,000 neurons was built in 

2008. A mesocircuit that consist of 100 such 

columns was developed in 2011.  

A rat brain amounts to have about 100 

mesocircuits; therefore, such a rat brain was 

built in 2014. It is believed that a human brain is 

equal to 1000 times the above-mentioned rat 

brain and it can be implemented by 2023. 

Comparing the neo-cortexes with regard to the 

number of neurons, human neocortex consists of 

60,000 neurons whereas the rat neocortex 

consists of 10,000 neurons. 

The future goal of the researcher is to 

stimulate a whole human neo-cortex that 

consists about 1 million cortical columns[15]. 

 

A. The Process 

The procedure that was followed in the 

research was data acquisition, simulation, 

uploading and finally visualizing the results. 

The organic brain of a human was uploaded into 

a PC using the invasive method and the 

noninvasive methods that were previously 

discussed in this paper[16].  

Data Collection is done by collecting brain 

portions, taking them under a microscope and 

gauging the shape and electrical behaviour of 

neurons individually.  

The brain model can be extracted in two 

ways they are the serial sectioning and the brain 

imaging. In serial sectioning, the brain tissues 

and the other parts of the nervous system are 

frozen, scanned and analyzed layer by layer thus 

capturing the structure of the neurons and their 

interconnections. While in brain imaging, MRI 

is used as a technique to map the change in the 

blood flow around the nervous system and MEG 

to map the electrical currents. This method 

captures neurons by their shape, electrical and 

physiological activity, site within the cerebral 

cortex, and their population density. This 

information is then translated into algorithms, 

which describes the full function of the neurons. 

Then the generated algorithms are used to 

generate virtual neurons making them ready for 

the next step in the process, which is simulation.  

Next, the simulation procedure is carried 

out. It consists of three steps and is controlled 

by 2 methodologies, which are the simulation 

speed and the simulation workflow. What 

happens in simulation is that first, the network 

skeleton is built from all the different kinds of 

synthesized neurons. Then, the cells are joined 

according to the experimentally found rules. 

Finally, the neurons are functionalized and the 

simulations are brought to life.  

Then the above created neuron blueprints 
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are analyzed using visualization software. An 

example for such software is the RT Neuron. It 

is an ad-hoc software written specifically for 

neural simulations. This allows programmers 

and researches to view the activation potentials 

propagated through or between neurons.  

 
B. The Nanobots and Software 

Considering both the invasive and the 
noninvasive methodologies one could say the 
best practice to obtain brain signals is by using 
Nanobots. They are small types of Robots that 
has the capability to record the brain activities. 
After the robot is later inserted into a computer it 
could easily simulate the functionality of the 
organic brain [1]. 

A software named “Neuron” is used as the 
special software for the Blue Brain Researchers 
in order to perform simulation development. 
This open source software was programmed 
using C, C++ and FORTRAN languages. 

 
C. The Blue Gene Supercomputer 

As for the hardware necessities, the research 

need super computers. These computers are 

called Blue Genes. Many versions of Blue Gene 

computers were used over the past. Blue Gene/L 

was used from 2005 to 2009; Blue Gene/P was 

used until 2011. Blue Gene/Q is the version that 

is currently used. It is also called JuQEEN. This 

is known as the world’s 8th fastest computer 

since it has a massive computing speed of 1.6 

pitaflops[1]. 

 
D. Advantages and Disadvantages of Blue Brain 

The blue brain was mainly implemented for 

the preservation of human mind after death. The 

next main idea was to promote decision making 

all by the computer itself. The blue brain has the 

ability to interact with other humans and 

animals. This application was tested using a rat 

brain and had been a success. Another such 

advantage is to use it to help deaf people by 

using direct nerve signal acquisition and 

simulation.  

The main disadvantage is humans becoming 

slaves of the system they themselves created. It 

raises a chance for the computer-modeled brains 

to be hacked. This can also lead to a third party 

controlling of the brain that can be used to 

create destructions or to cause harm to other 

human beings or systems. This might eventually 

lead to cause a war against humans and 

machines [15]. 

 

5. The Applications of Mind Uploading 

The application of Mind Uploading can be used 

for many fields of science and non-science 

activities. Basically, it can be used to solve brain 

related problems. 

Researches have released that the method 

can be applied for the treatment of Neuron 

science related disorders such as Autism, 

Asperger syndrome, Alzheimer’s disease, 

Parkinson’s disease, Bipolar disorder, chronic 

diseases, dementia, epilepsy, etc. When treating 

above ailments the problem is to try best 

practices using real patients, but using mind 

uploading the practitioners can simulate any of 

the above ailments in a synthetic platform in 

order to test mind treatments and activities to 

solve the problem. Thereby the treatment can be 

applied to real humans without creating greater 

harm or difficulties to test subjects [17].  

Another interesting usage of WBE is the 

ability to test the continuous functioning of the 

brain of a person even after the person has died. 

This can be mainly used in the case of brain 

donations where the brain can be analyzed to 

test and study signs of depression, hallucination, 

anxiety, stress, brain malfunction, mental 

retardation and other such cognitive or even 

genetic disorders. 

Among all the applications, the most tested 

and the most interesting usage of this is the 

ability to use this technology to help people who 

are complete or partially paralyzed people will 

be able use this technology. A similar 

application for the above is the ability to use this 

technology to simulate the brain signals of deaf 

people who are unable to talk and t read their 

minds. 

The discussion about Uploaded Astronauts 

can also be brought forward as an application of 

Mind Uploading.  In a human spaceflight, space 

stations or NASA can use uploaded astronauts 

where the computers with the uploaded minds of 

the real astronauts are sent to space to eliminate 

harm caused by zero gravity, vacuum of space 

and cosmic radiation. This way we can reduce 

the size of the spacecraft and will be able to 

increase the Return on Investment in such space 

projects.  

The issues unanswered with current 

engineering or scientific experimental or 

theoretical approaches can be sought easily with 

the usage of this study[18].  

Another such application is for the usage of 

study. Students will be able to study and 
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practically experience the complexity of the 

brain, its contents such as the ion channels, 

receptors, neurons, synapses, role of dendrites, 

etc. can be well comprehended and explored.   

This can also be applied to solve major 

social problems such as drug abuse, addicted 

people to intoxicants and people who have done 

various types of grave crimes. The technology 

could find as to what mental stimulants resulted 

the people to do crimes etc.  

For the scientists and philosophers who is 

interested in knowing about the conscious and 

subconscious mind can also get advantage from 

this application. 

In case of memory loss due to ailments or 

accidents, with this technology people might be 

able to recover their lost memories[2]. 

In simple terms, we will no longer forget 

anything that is in our mind and we need not 

fear about it happening. This point can also be 

explained as the memory backup. Preservation 

of the memory can be ensured. Since, this data 

preservation is done in a supercomputer this rise 

to other advantages as well. It is that computer 

based intelligence has much faster processing 

power relative to the human processing power. 

As a fact, the electromagnetic signals of the 

brain travel 150 meters per second. While the 

electronic signals of the brain can travel 2/3 of 

the speed of the light.  This implies that the 

virtual brain model can think thousands to 

million times faster than the organic human 

brain.  

With WBI, we can recreate a model of a 

person’s brain, which paves the way to take 

decisions even when the actual person is 

present. This is more advanced than any clone 

since the brain is re-created in a computer and 

the model can itself act as a high performance 

super computer that has a high processing speed 

and a large memory capacity.   

Last but not the least among all the above 

said applications the optimal application is that 

death, which is the limiting factor of all human 

existence would no longer effects the 

knowledge or the core values of a human being. 

The intelligence of mankind would survive 

death with the usage of this emerging 

technology.  

When considering the above it is apparent 

that Mind Uploading can indeed be for the 

betterment of the society, but just as anything 

else in the world BCI and mind uploading have 

its own limitations or challenges. 

Virtual mind states cannot die. At least they 

cannot die due to old age or sicknesses since 

they are not organic. Virtual beings can make 

themselves old or young according to their 

preference and can live as long as it wants until 

the hardware and software supports the 

system[13]. 

 

6. Challenges of Mind Uploading 

This section discusses the challenges/concerns 

in the mind uploading research.  In this sense, 

we have highlighted ethical, legal and social 

concerns. 

 

A. Ethical concerns 

There is no doubt that the human brain is 

animpressive creation that is both powerful and 

unique. The usage of anything in this world can 

be applied to create both positive and negative 

impacts to the world. Therefore, the human 

brain being the most powerful asset, people can 

misuse it. Therefore, people can cause massive 

destructions buy using it.  

The core values of the human were the only 

thing that was safe from the adverse impacts of 

the machine era today. However, one can say 

that application of BCI is like giving the control 

of human core values to the hands of 

technology. Our brains would become 

dependent on computer systems.  

As the next challenge, it is important to 

consider the impact that is created from 

technological malware. When you give your 

brain control over to computer systems, there is 

high chance for your brain to get effected by 

different types of malware.  

As we all know, man is prone to be 

adducted to new technologies very quickly as 

quickly as it grasps technologies. What if people 

becomes addicted to BCI and become slaves of 

the technology. This can also be a challenge.  

People can also use this ingenious 

technology for illegal purposes. This will do 

harm for the other people living in this world 

and then people would have fear about this 

subject area. Earlier, when human cloning was 

introduced, people started to fear the science 

and brought oppositions to it. BCI and mind 

uploading is something more strong and 

powerful than cloning therefore it is clears that 

people would scare this technology more than 

there feared cloning  [2]. 

Brain emulations should be done one-nerve 

materials to be tested.  Animals are the option 

used in such situations. Animal and wild life 
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enthusiastic brings forwards the theory that it is 

immoral to use animals for such testing 

purposes since they do not have the ability to 

say forth their unwillingness. In the case of 

using humans as testing materials, none brings 

out the same concept since humans do have the 

ability to say their objections, but if the person 

used for testing is a paralyzed or a so-called 

locked in person then the morality rule applies.  

Next, the question arises about volunteering 

for providing human brains for testing and 

laboratory practices. They say that such 

volunteering would amount to the ending of the 

biological life of the volunteer. Furthermore 

such volunteering while alive is likely to be 

equivalent to assisted suicide since the outcome 

of such testing is unknown and there is a high 

probability of risk of failure  [19]. 

Apart from the above the identity of the 

willing parties to be tested and the global issues 

such as the extinction of species of animals, 

which can also arise with such testing should 

also be taken into account before the application 

of mind uploading. 

 

B. The Legal Concerns 

When this technology is opened to the 

public, there arises a problem with regard to the 

legal implications. It is clear that we can 

program a virtual brain to have cognatic power 

but does it mean that having cognatic powers 

like humans can categorize it as human beings 

with rights.  

Are they human replicas or are they separate 

individuals? That raises a question whether the 

synthetic brain copies should be called citizens 

of the country. Do they have immigration 

rights? Do they take the nationality of the 

person who was volunteered to provide the 

brain or do they fall into a different nationality?  

Since a virtual personality can be scattered 

all around the world in different server 

computers in the globe is it possible to restrict 

such a person to a particular nationality 

considering the above stated fact. As it can be 

clearly seen this discussion regarding the legal 

implications is itself a book full of questions, 

people in general need to find answers for it 

[20]. 

 

C. Social Concerns 

The virtual personnel’s were created as a 

copy of a true and an existing human being. In 

other words, the mind was reproduced from a 

real man’s mind. The problems arises from the 

fact that whether the virtual persons should be 

given the right or the opportunity to reproduce 

or re-generate copies of them. Due to the high 

processing capabilities that the machine 

embedded copies have, they undoubtedly 

exceed the powers of the human beings. 

Therefore, they can easily generate multiple 

copies of them to reproduce several copies. If 

that’s the case the world will have multiple 

same personalities [20].  

Mind uploading or whole brain emulation 

creates a one to one copy of the brain in a 

computer system. When it is done, one can say 

that the copy acts as same as the organic 

brain[11]. Therefore, can state that the disorder 

that can affect the organic brain can also affect 

the computerized brain. Therefore, the effect 

should be catered. In order to correct theses 

errors we need to treat it. This treatment can 

also be programmed solution[21]. 

Humans are created with the organic body 

and the phycology. The culture has a relatively 

high impact. The thought of death usually 

motivates as well as scares them to take actions 

quickly and efficiently [22].As a result of this 

overwhelming nature they create an anxiety in 

their minds. This anxiety gives meaningfulness 

to life as the person tries to work hard during 

their lifetime. Since WBE abolishes death this 

anxiety issue becomes erased from the minds of 

the people[23]. Since death anxiety enriches life 

it becomes as question as to the fact that WBE is 

disadvantages to the fruitful lifestyle of human 

beings[24]. 

If all the thoughts and mind states can be 

mapped to computer simulations, that implies 

that the brain states can be represented by bit 

streams in computers, which also known as 

digital data. This Digital data can be changed, 

copied as well as disrupted due to noise in 

various instances. Therefore, WBI is open to 

dangers [25]. 

 

7. Discussion 

When analyzing the above details we can 

specifically see that Mind Uploading carries a 

vast scope of positive outcomes to the society at 

large. In the same manner, after evaluating the 

ethical challenges and the implications, a person 

can also argue that Mind Uploading is indeed a 

dangerous technology to adhere to. In such 

situations, it is the general belief to weigh both 

the sides in a balance to see the impact it can 



Mind Uploading with BCI Technology 

 

 

 

SLAAI - International Conference on Artificial Intelligence             University of Moratuwa, Sri Lanka                     31st October 2017  

14 

make. People should realize that all, things in 

the society has both pros and cons, therefore it 

should be the responsibility of the humans to 

use the technology wisely for the development 

of the society but not to make a negative impact 

on the world.  

When looking back at the researches and 

developments achieved in the past few decades 

it is clear that this subject area has much 

potential to grow and flourish for the betterment 

of the world. According to the above, among all 

animals in the world the rat was used as a test 

subject. It brings forward a hope that his 

technology therefore can also be used for other 

animals. As examples, ants, termites and bees 

are special types of insects that are known to be 

the most efficient and the most architectural 

insects of all. Therefore, if researches can find a 

way to control the brains of these species, the 

service of these important animals can also be 

used for the betterment of the world. 

If the technology were used to create 

disaster to humans the species would itself 

extinct from the universe or else it can be used 

for the betterment of the society. Therefore, it is 

evident that the steering wheel of this 

technology like any other knowledge area is in 

the hands of its user. 

 

8. Conclusion 

Mind uploading is a challenging and a long-term 

prospect. It has been developed from the mere 

idea of being a myth into current high-end 

projects in just about 30 years. Today the study 

field is developing in a tremendous speed. 

Along with the daily developments, the study 

area of Mind Uploading has come across 

challenges both globally and ethically. The 

ethical issue of the inability to obtain the 

consent of the paralyzed people before using as 

test subjects is now on legal debate in the US. It 

is believed that the laws would be enforced to 

govern this situation in the near future. 

Therefore it is clear that there should be a bridge 

between both the aspects (Positive and negative) 

in order to provide a favorable outcome for the 

society and the world at large. Therefore, it is 

clear that a scale or measurement should be 

introduced to acknowledge the feasibility of this 

study field of Mind Uploading using BCI. Apart 

from all the technological advancements in the 

field of Mind Uploading using BCI technology 

it is apparent that the impact of law and ethics 

with regard to Mind Uploading is not yet been 

addressed sufficiently.   
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Abstract 

Speech recognition has taken a tremendous 

interest in the field of Natural Language Processing. 

Deep Learning has been playing an increasingly 

large role in speech recognition and one of the most 

exciting things about this field is that speech 

recognition is at a place right now where it is 

becoming good enough to enable exiting applications 

that end up in the hands of users. Studies have shown 

that efficiency of devices increases 3 times, with the 

availably of speech recognition on daily driving 

devices like mobile phones, cars etc. Content 

captioning or generating subtitles is very useful and 

important since the use of videos for communication 

have been grown phenomenally in the past few years.  

However, for this, it still need human influence to do 

a good captioning. But, it is possible to do this with a 

better efficiency and accuracy with deep learning. 

This paper provides an overview of how traditional 

ASR pipeline process speech transcription and how 

deep learning techniques used to replace modules in 

traditional ASR pipeline. Finally, describes the 

implemented speech recognition neural network 

model built on Tensor flow platform. This model is 

capable of recognizing English spoken digits from 0 

to 9 and transcript it to text. Currently model has 

achieved around 70.19% accuracy over different 

training and testing data. This prototype model is 

reusable for any amount of words in any language 

with the availability of more data and computing 

power.  

 

Keywords: Speech recognition, Feature extraction, 

Acoustic model, Language model, Connectionist 

Temporal Classification, MFCC, Tensor flow, 

Librosa  

 

1. Introduction 

Speech-to-text has achieved a motivating 

development in the modern world. Numerous 

forms of end devices like Personal Computers, 

hand held smart devices and even trendy cars 

are integrated with this feature for the 

convenience of the end user. 

There are different components that make 

up a complete speech applications like speech 

transcription, word spotting/trigger word and 

speaker identification/verification. Speech 

transcription is essential to come up with words 

that represent what is being said. Applications, 

which need to do an action or get triggered for 

voice, need continuous listening. In addition, 

some applications may use speech recognition 

for authentication purposes too. For a content 

captioning application, it need to have a good 

speech transcription model. 

This paper presents the basic flow of how 

traditional Automatic Speech Recognition 

systems like Hidden Markove Model process 

audio transcriptions, then how deep learning 

techniques have been influenced to traditional 

ASR pipeline. How the audio is preprocessing 

and generating simple spectrogram and how 

CTC (Connectionist Temporal Classification) 

approach do speech recognition with generated 

spectrogram. And finally presents the speech 

recognition neural network that have been 

developed by using Google machine learning 

platform Tensor flow, for the system that 

generates subtitles for a given audio/video. 
 

2.  Traditional ASR Pipeline 

Most of the traditional ASR systems are based 

on probabilistic theories. [1]Traditional system 

break the problem of taking audio and breaking 

it into different parts. The raw audio has 

represented with some kind of feature 

representation. 
Job of the acoustic model is to learn 

relationship of features representation of audio 
and the sequence of words W, words of the 
language.[2] A language model contains the 
structural constraints available in the language 
to generate the probabilities of occurrence. It 
induces the probability of a word occurrence 
after a word sequence.[3] 
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Figure 1: Modules of ASR 

The job of the decoder is to find the 
sequence of word W that maximize the 
particular sequence of words W given the audio.  

 

That is equivalent to maximizing the 

product of contribution from acoustic model and 

language model. 

However, it is not directly possible to 

transcribe in to characters especially in English 

language because way something is spelled is 

not always correspond to its sound. There for a 

way to get around this issue is to that replace 

this with the sort of intermediate called 

phonemes. So instead of trying to predict 

characters, it predicts the phonemes by the 

acoustic model.[4] 

 

Example w1 = “hello” = [HH AH OW] = 

[q1q2q3q4] 

 

In the above example, if the word the word 

that need to be predicted should be hello, instead 

of characters, acoustic model predicts the 

corresponding phonemes. This in one sense 

makes modeling problem easier. Phonemes are 

the perpetually distinct units of sound that 

distinguish words. They are very approximate. It 

is not clear how fundamental this is. Therefore, 

this phoneme representation adds more 

complexity to this traditional pipeline. Because, 

acoustic model does not associate with words, 

instead it associates with another kind of 

transcription into phonemes.  Therefor pipeline 

needs kind of dictionary or a lexicon to 

understand how it convert phonemes into words. 

This pipeline is highly tweakable[5], but also 

hard to get work well. Each part of it has its own 

challenges like choosing representation. 

 

 

3. Deep Learning Approach 

The first place that deep learning made an 

impact on speech recognition is to take one of 

the core machine learning component of the 

system and replace it with a deep learning 

algorithm.  One of the fundamental problems in 

speech recognition is to build a neural network 

that map audio signal to a transcription that have 

a variable length. Unlike an image, which has 

2D grid of pixels, audio is just 1D signal.  One 

second of audio clip it can broke down in to 

small parts and each element would be a 

floating-point number.[6] 

 
A. Preprocessing 

There are two ways to start the 
preprocessing.  

1) Minimally pre-processing (by simple 
spectogram) 

2) Training model raw audio wave 
 

Figure 2: Small window of audio in terns on frequency 

 
Minimally processing is some vanilla 

preprocessing like convert to a simple 
spectrogram. Mel-Frequency cepstral 
coefficients is a popular kind of features, and 
engineer complex representations. Spectrogram 
is sort of like a frequency domain 
representation. Figure 2 represent a small 
window in term of frequencies. [7] 

The small window is about 20ms long. It 

can see that when it gets down to this scale, that 

audio waves are made up of combinations of 

different frequencies of sine waves. Then it has 

to compute Fourier transformation of the sine 

values and then take the log of the power of 

each frequency. Result of this is, that for every 

frequency of sin waves, what is the amount of 

magnitude represent by that sine wave that 

makes up the original signal. Therefor 

transformation need to apply to all the windows 

* 

 =  

 

=  

              

(1) 

(2) 
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of frames in audio signal. This will result a 

creation of spectrogram. 

Figure 3: Spectrogram for all the window of frames 

 

4.  CTC Based End-To-End Speech 

Recognition 

Recent years with the availability of high 

computing power and more data, the speech 

transcription has been developed and equipped 

with many powerful tools and libraries.[8] CTC 

is one of the successful approach because it 

explicitly uses the history of the target character 

without condition. 

CTC is a probabilistic mode p(Y|X) where 

X is sequence of frames of data. Y is output 

tokens of data of equal length of L. X is the 

spectrogram.[9]  

 

   

   

    
The spectrogram frequencies feed into 

recurrent neural network as the input. The 

neural network is a bidirectional RNN. There, 

for any time step is depend on entire data, so it 

can compute fairly complex function over entire 

data. Output is bank of Softmax neurons.[10] 

They represent the distribution over different 

symbols (Softmax vocabulary), that could be 

hear in the audio. For example, for the first 

frame of audio, it will be processed by RNN and 

for output, it has Softmax neurons that 

correspond to each of the neuron.     

Figure 4: Spectrogram feeding sequence of frames of data 
 

In addition, the set of Sofmax neurons 

represent the probability of containing each 

symbol in the spectrogram frame and their 

output is summing to 1. 

For an English word transcription, the 

Softmax vocabulary would be {a, b, c, d, 

........z,} and extra blank token. Black is a special 

character for identification of intervals and rest 

times of the speech. Softmax at step t, gives a 

score s(k,t) =logPr(k,t|X) at the category k in the 

output at time t.   

Therefore, the target is to find a transcript 

through this individual Softmaxes over the time. 

It is essential that each symbol must go through 

a blank symbol. You can transfer either from 

same character to itself or from that symbol to a 

blank.  Therefor it can end up different 

sequences, representing the same symbol. 

Figure 5: One possible sequence of transcription for word cat 

 

In figure 5, it represents one possible 

sequence that can be obtain for the transcription 

for word cat.  

Following are some possible sequences as 

well. 

                     cc <b>aa<b>t<b> 

                     cc<b><b>a<b>t<b>t<b> 

                     ccccc<b>aa<b>tttt<b> 

Output neurons define distribution over 

whole character sequences c, assuming 

independence: 

 
This process makes a transcription of same 

length to the audio. Therefore, the second step is 

to define a mapping that crunches down this 

sequence into actual transcription. Given a 

specific sequence c, squeeze out the duplicates 

plus blanks that yield to transcription. 

    
 = cat    (6) 

The probability of transcription is the sum 

of the probabilities of all the possible character 

sequences that is correspond to the audio. 

 

 

(3) 

(4) 

(5) 

(7) 
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Because of the dynamic programing, it is 

possible to compute both the log probability 

p(Y|X) and its gradient exactly. This gradient 

can be propagated to neural network by 

backpropagation and update network parameter 

 to maximize likelihood of correct label y*.[11] 

 

 

Today the above process is at the level of 

technology and implemented that efficiently 

calculate CTC functions cost function that can 

calculate the likelihood and also can give back 

the gradient. 

Some of the common issue of CTC based 

speech recognition are “Tchikovky” problem, 

relationships in between words, and identifying 

proper nouns. “Tchikovky” problem is there are 

certain word which you cannot spell unless you 

have seen the exact spelling for that problem 

(knife, Tsunami), since P(Y|X) molded directly 

from audio. Therefor with the CTC implantation 

it, fuse a language model by taking small step 

back from end to end transcription system. 

 

5.  Speech Recognition Model 

The following system has been implemented 

and currently at the training and testing stage 

which is a sub part of the developing system that 

generates content captioning (subtitle 

generation) for a video/audio input, by using 

deep learning techniques. 

The key was to give more data and 

computing power. These types of neural 

networks are used in services like Siri, Echo and 

Google Now. The following speech recognition 

deep neural network is constructed with the 

Google machine learning framework Tensor 

flow that learns to recognize spoken numbers. A 

labeled data set that people saying numbers are 

used to train the network and currently testing it 

from validation data in order to improve the 

accuracy. 

 
A. Fetch Data 

The model is trained with set of audio files. 
Each wave file is a recording of different spoken 
digit. These files contain different people 
(male/female) speaking numbers from 0 to 9 and 
they have variable lengths. Each file is labeled 
with a written digit. A function is written such 
that it returns list of labeled speech files as a 

batch. So, this batch is a set of audio files and 
their corresponding label of written digit. This 
batch is use for training the neural network from 
supervised learning technique. 

All these utterances are examples of red 
speech. Audio that are clear with no noise. 
Choosing a data set is highly dependable with 
the application that is going to be develop. 
Reason that red speech is popular is because of 
its availability. Moreover, even it does not 
perfectly match to the application, it is free and 
getting a lot is helping the accuracy. But, it will 
lose factors such as inflection/conversational 
tone, Lombard effect and speaker variety. 
However, it still can be helpful. 

 

B. Feature Extraction 

Next step is feature extraction process from 

the audio files. The extracted features and 

number of features to be extracted depend on 

application that is going to develop. For subtitle 

generation, feature extraction, system uses Mel-

frequency Cepstrum Coefficients (MFCC)[12], 

the power spectrum that implements Fourier 

transformation analysis since input data are red 

speech data (clear with no noise). 

MFCC features are set of specific features 

defined for set of applications constrains. MFCC 

values are not very robust in the presence of 

additive noises it is common to normalize their 

values in speech recognition system to reduce 

the influence of noise. Many audio analysis 

library packages include MFCC[13] feature 

extraction and the for the system LibROSA[1] 

python package for audio music analysis have 

been used.  

 
C. Neural Network 

Network consist of 3 layers input layer, 
hidden Long Short Term Memory (LSTM) 
recurrent neural network layer and output 
Softmax layer. 

Figure 6: Neural network model diagram 
 

(8) 
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Initial input layer takes output of MFCC 
features as the input. Here, the input parameters 
are number of features extracted and the 
maximum height of each utterance. This input 
layer initializes by calling tflearn’s input data 
function. This initial input layer will be the 
gateway to that data is fed into the network and 
parameter it will help to define shape of input 
data (input tensor)[14]. Tensor is multi-
dimensional array of data. 

Next layer is the hidden layer which is Long 
Short Term Memory Recurrent[15] neural cells 
layer. A recurrent net was used since its 
processing sequences. In a recurrent net, the 
output data’s content is influenced not only by 
the input just put in, but also by the entire 
history of inputs thorough recurring loop. 
LSTMs can remember everything it’s been 
fed.[16] Too few neurons will lead to bad 
predictions and too many will over fit to training 
data. Currently 128 LSTM neurons have been 
used for the model. 

Final layer is fully connected Softmax layer. 
There are 10 classes since model is predicting 
numbers from 0 to 9. Each Softmax cell provide 
a probability of occurrence of that label, for the 
given input. Output layer is a regression, which 
will output single predicted number for the 
utterance. Adam optimizer have been used to 
minimize categorical entropy loss function. 

 
D. Training the Model 

Model has been trained on Tensor flow 
platform. Number of epochs and neurons for 
LSTM layer have been modified randomly at 
training epochs  

Figure 7: Sample of testing data 
 
Figure 7 shows sample of set of training 

data. The label of the file. Label gives the 3 
information, number spoken in the file, person 
who spoked the number and the maximum 
length of the utterance. At the stage of fetching 
data, these labels and audio are separated and 
features are extracted from the audio, and text 
digit of the spoken number is extracted from the 
label. The above sample shows the testing data 
which people are speaking 1,1,1,1,5,1,1 and 1. 
This batch the audio wav files and the 
corresponding labels used to train the neural 
network. 

At the output, each Softmax neuron 
represent a digit from 0 to 9. Finally, Softmax  

Figure 8: probabilities produced by the Softmax layer for each 
wav file in the sample 

 
function of the output    neurons (Softmax 
neurons) will produce a probability for the given 
input for being that digit. 

 

Figure 8 shows probabilities produced by 

the neural network, for the sample data in figure 

7. One array contains probability of that spoked 

number being 0 to 9. So together, there are 7 

arrays for each 7 audio files. Output of the 

network is an array of array of probabilities for 

multiple inputs. 

Next probabilities are sorted descending 

from highest accuracy to lowest accuracy and 

the corresponding digit for that probability has 

been returned. Therefor the final output is an 

array for each audio input such that it contains 

predicted digit with highest confidentially to 

lowest confidentially. 

 Figure 9: predicted digits from its highest confidentiality to 

lowest 
 

In above example, out of 7 inputs, the model 

has predicted 3 correctly. This result may differ 

for same inputs in another instance.  

 
E. Testing and Evaluation 

The neural network model, currently trained 
with different training iterations, by changing 
number of neurons in hidden layer and also 
changing the drop out value. Model was trained 
over 2400 audio data with both male and female 
voices on 2.7 GHz intel processor. 

Currently it shows 70.19% accuracy on the 
Tensor flow platform. This is a simple prototype 
model that can be configurable according to 
language and also the type of application. 
Currently, this neural network model has 
integrated to offline subtitle generation 
application as the speech recognition engine. 



Deep Learning Techniques for Speech Recognition and Audio Transcription for Content Captioning 

 
 

 

SLAAI - International Conference on Artificial Intelligence   University of Moratuwa, Sri Lanka       31st October 2017  

21 

Application takes video/audio file of mp4 or 
mp3 format. It recognizes digits from 0 to 9 
spoken in the content and transcript it to text. 
Then application will create a subtitle file (.srt 
format) for generated text. Subtitle file is timely 
synced along with the audio so it can play the 
video file with the subtitle file. 

Figure 10: GUI interface of the subtitle generating system 
 
This prototype neural network is reusable 

for any language with any amount of words with 
the availability of data and the computing 
power. Integrating neural network model will 
decrease the space and runtime complexity of 
the system than traditional ASR pipeline since 
there is no any word dictionary or lexicon to 
map phonemes and hence no mapping. 
However, since there is a lack of data to train 
some words like proper nouns, it is good to have 
some language model process too.   

  

6.  Conclusion 

With the proliferation of Speech-to-text 

technology, it is clear that it has become an 

essential technology in almost every electronic 

device. Content captioning is an application area 

which we can use ASR efficiently but it still 

needs human influence to do a better captioning. 

Therefore, it is essential to have a good speech 

recognition system for these type of applications 

Traditional Automatic Speech Recognition 

pipeline comprises of different modules Feature 

representation, Acoustic model, and Language 

model. Phonemes are the intermediate in 

between extracted features and acoustic model 

because way something is spelled is not always 

correspond to its sound. Therefor a dictionary or 

a lexicon is need to map words and phonemes. 

This phonetics to word mapping make the 

traditional ASR pipeline more complex. 

Deep learning techniques can be used to 

replace those modules in traditional ASR 

pipeline. Conventionalist Temporal 

Classification (CTC) is such an implementation 

and it provide a solution for the problem of 

mapping audio signal to a transcription that have 

a variable length without having any 

intermediate of phonetics. 

Today CTC based implantations are at a 

level of technology and lot of libraries are 

available for such implementations. Speech 

recognition neural networks can be implement 

to generate content captioning (subtitle 

generation) and these models can develop by 

having more data and computing power and can 

be adopt into many words in many languages. 

A simple neural network model has been 

developed for content captioning application. 

This neural network model has used to replace 

the Acoustic model in the traditional ASR 

pipeline. Currently, this model can recognize 

English spoken digits from 0 to 9 and transcript 

it into text. Since there is no any phonetic 

interaction, this model makes less runtime and 

space complexity. In addition, the model is 

reusable for any language with the availability 

of the data and computing power.  

This speech recognition neural network has 

been integrated to the subtitle generation 

application. It is an offline application that takes 

video or audio file as the input and provide .srt 

formatted subtitle file with timely synced digits. 

Since the reusability of the neural network 

model, the application can develop for many 

language transcriptions or different language 

transcriptions.  
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Abstract 

Machine translation systems are language 

translation tools that are also capable to be used as 

language learning tools. This paper presents a 

machine translation system that has been developed 

as a language learning tool for the Pali to Sinhala. 

This Pali to Sinhala translation tool can translate 

simple Pali sentences into Sinhala through the 

dictionary-based approach. The translation system 

comprises of three modules, namely the Pali 

morphological analyzer, the dictionary-based 

translator, and the Sinhala morphological generator. 

The Pali morphological analyzer uses an affix-

spiriting approach to identify a relevant Pali root 

word for the existing Pali word. The Pali to Sinhala 

translator identifies an available Sinhala-based word 

for the existing Pali-based word with the support of 

the Pali-Sinhala dictionary. The Sinhala 

morphological generator generates appropriate 

Sinhala words by using the Sinhala root word and 

the relevant morphological information of the Pali 

word. This translator uses word-level translation and 

gives attention only to source and target 

morphology. The Pali Sinhala translator has been 

successfully tested for simple Pali sentences as a 

language learning tool for the grade 6-9 Dhamma 

schools. 

Key Words: Language Learning Tool, Machine 

Translation System, Morphological Analyzer, 

Translator, Morphological Generator.  

1. Introduction 

Language Translation is a communication of the 

meaning of a source-language text by means of 

an equivalent target-language text through the 

human concern [1]. This language translation 

process can be automated through the computers 

and still is a challenging research task of the 

Natural Language Processing. Automated 

Language translation process is normally called 

as machine translation, and that can be done 

through the machine translation systems [2]. 

There are thousands of machine translation 

systems are available with different translation 

approaches including google translator [3], 

Anusaaraka [4], Systran [5] etc. Theses 

translation systems gives different performance 

based on the language pair and the approach 

used to translate. These Machine Translation 

approaches are normally categorized with 

considering the level of attention made on 

morphology, syntax, and semantics of the 

source and target [6]. According to the 

translation pyramid, the direct translation is the 

lowest level machine translation approach. It is 

not much level of considering syntax and 

semantics on both source and target languages. 

Therefore, direct translation approach is more 

suitable for language pairs with a closed 

relationship in between syntax semantics and 

morphology. Figure 1 shows the translation 

pyramid of the machine translation.     

Figure 1: Translation Pyramid  

 

For instance, Sinhala and Pali are the two 

related languages and has closed relation on 

syntax and morphology. 

Pali is one of the Indo-Aryan languages that 

has some syntactical, semantical, and 

morphological relations with Sinhala. Further, 

Pali is widely studied by the Sri Lankan 

dhamma school students; thus, it is the language 

of Buddhism. With this viewpoint, a machine 

translation system has been developed as a 

language learning tool for the Pali to Sinhala. 

This Pali to Sinhala translation tool can translate 

simple Pali sentences into Sinhala through the 

dictionary-based approach. This tool would be 
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beneficial for the Buddhist priests in Pirivenas, 

Students and who wish to learn Pali language. 

The rest of the paper is organized as 

follows. Section 2 reports brief introduction on 

Machine Translation systems, morphological 

analysis and morphological generation with 

some note on existing systems. Then section 3 

reports computational grammar on Pali and 

Sinhala language, which is required to develop 

dictionary, based machine translation system. 

The section 4 presents design and 

implementation of the Pali-Sinhala machine 

translation system and section 5 demonstrate 

how systems work on Simple Pali sentence. 

Finally, section 6 present conclusions with a 

note on further works. 

 

2. Related Work 

This section briefly describes related works for 

the machine translation, including 

Morphological analysis and generation. 

 

A. Machine Translation  

The Machine Translation is a sub-area of 

the Natural language processing which is 

identified during early days of Artificial 

Intelligence (AI) [2]. The process of the 

Machine Translation can be described simply as 

decoding the meaning of the source text and re-

encoding this meaning in the target language. 

However, due to the complexity of the natural 

languages, development of machine translation 

system has become a research challenge. 

Further, according to the translation 

methods, Machine translation systems can be 

broadly categorized into two groups, namely, 

the direct translation system and the indirect 

translation system. The direct translation system 

translates source language to target language by 

using word-to-word or phrase-to-phrase 

mapping. Indirect translation systems use an 

Interlingua or transfer approach. In addition to 

the above, in general, machine translation 

approaches, machine translation systems can be 

classified into seven categories, namely Human-

assisted, Rule-based, Statistical, Example-based, 

Knowledge-based, Hybrid and Agent-based [6]. 

Dictionary-based translation is taken as a 

basic approach to machine translation. This type 

of machine translation applications is easy to 

implement and that attempt quite competent 

tools for retrieving translations for unknown 

search keys. Commonly, dictionary-based 

translation is basically a translation with a help 

of a bilingual dictionary. In addition to the 

bilingual dictionary most of the systems consists 

of Morphological analyzer and a generator for 

the source and target languages. For instance, 

Sindhu and others have developed a dictionary-

based machine translation from Kannada to 

Telugu [7]. The translation system comprises 

with five components namely Morph analyzer, 

dictionary, transliteration, transfer grammar and 

the morph generator. 

Consider the Pali language only very limited 

research has conducted to translate Pali text into 

other languages. Phoson and others have 

developed a prototype Rule-based Machine 

Translation system for Pali to Thai [8]. This 

system capable to analysis Pali language 

structure of the input sentence and re-generate 

Thai language structure. The next section briefly 

describes Morphological analysis and 

generation for Machine translation.    

 

B. Morphological Analysis 

Morphological analysis is one of the key 

components in the rule-based machine 

translation systems. That helps to identify the 

based word and the grammar for the existing 

source language words. In addition to the above 

morphological analyzer is must essential when 

language has a strong morphology. In the view 

of this, the morphological analyzer is one of the 

essential tools for the Asian language processing 

systems. Thus, some Asian countries including 

India, Japan, and Thailand have also developed 

morphological analyzers for their language 

processing [9]. For Instance, Anusaaraka has 

been designed to translate among major Indian 

languages and its morphological analysis is 

based on the word paradigms [4]. A Sinhala 

morphological analyzer has been developed for 

purpose of machine translation [10]. The system 

uses affix stripping approach to analyze the 

Sinhala words [11].   
 

C. Morphological Generation 

Morphological generation is the backward 

process of the Morphological analysis. A 

morphological generator is also an essential tool 

used in Natural Language Processing (NLP) 

applications for the generation of final fully 

inflected words from the root and a set of 

morphological properties. Note that, highly 

inflected languages like the Dravidian languages 

of Tamil, Malayalam, Telugu, and Sinhala 

requires a morphological generator for produce 

grammatically correct results. Further, 
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morphological generator plays an indispensable 

role in target language sentence generation in 

Machine Translation (MT) systems. It is also 

used in Information Retrieval (IR) systems in 

the front-end for query expansion [12]. Further, 

the aim of morphological generation is to 

produce the inflected form of a word according 

to the features and values in the Feature 

Structure. It is also necessary to reuse the 

linguistic resources created for analysis purpose. 

From a practical point of view, morphological 

generation is the inverse process of analysis, 

namely the process of converting the internal 

representation of a word to its surface form. The 

same rule definitions can be used to generate the 

desired word form as used for analysis. Affix 

stripping approach is an approach to 

morphological analysis that checks the root 

form from the available word by adding or 

removing letters.  This type of approach can be 

easily applying for grammatically rich 

languages like Sinhala and Pali. With the above 

view, a research has been conducted to develop 

Pali to Sinhala machine translation system 

through the direct transfer approach.  

 

3. Computational Grammar for Pali and 

Sinhala 

This section briefly introduces Pali and Sinhala 

Morphology, which are used to analyses and 

generate the morphology of both languages. 

 

A. The Pali language 

Pali is an Indo- European language derived 

from Sanskrit that for centuries has been the 

canonical and liturgical language of Theravada 

Buddhism. Pali continues to be used throughout 

Southeast Asia as a religious language - in 

prayer and ritual, as well as in the study 

scripture and the composition of commentaries 

and other religious documents. Even into the 

20th Century. Some Theravada elders continued 

to be able to converse in the ancient tongue. The 

term ‘Pali' originally had the meaning of 

‘canonical'; over the years of use preserving the 

Pali Canon [13]. 

The Pali alphabet consists of 41 letters, 

eight vowels and thirty- three consonants [14]. 

Long and short vowels are only contrastive 

syllables: in closed syllables, all vowels are 

always short. Short and long ඉ and ඔ are in 

complementary distribution: the short variants 

occur only in closed syllables; the long variants 

occur only in open syllables. Short and long ඉ 

and ඔ are therefore not distinct phonemes 

Pali is a highly inflected language, in which 

almost every word contains, besides the root 

conveying the basic meaning, one or more 

affixes (usually suffixes) which modify in some 

way. Nouns are inflected for gender, number, 

and case; verbal inflections convey information 

about a person, number, tense, and mood.  

Pali nouns inflect for three grammatical 

genders (masculine, feminine and neuter) and 

two numbers (Singular and plural). The nouns 

also, in principle, display nine cases. 

However, in many instances, two or more of 

these cases are identical in form; this is 

especially true of the genitive and dative cases. 
 

Table 1: inflection for the Pali Nouns 

 පුරැෂ ලිංග (බුද්ධ ශබ්දය)  

ඒක වචන බහු වචන 

ප්රථමා බුදදධා බුද්ධා 

දුතියා බුද්ධිං බුදද්ධ 

තතියා බුද්දේන බුද්දේහි 

චතුර්ථි බුද්ධාය බුද්ධානිං 

පඤචමි බුද්ධා බුද්දේහි 

ෂෂඨි බුද්ධසඨස බුද්ධානිං 

සප්තමි බුදදධ බුදද්ධසු 

 

 සඨී ලිංග (කඤඨඤා ශබ්දය) 

ඒක වචන බහු වචන 

ප්රථමා කඤඨඤා කඤඨඤා 

දුතියා කඤඨඤිං කඤඨඤා 

තතියා කඤඨඤාය කඤඨඤාහි 

චතුර්ථි කඤඨඤාය කඤඨඤානිං 

පඤචමි කඤඨඤාය කඤඨඤාහි 

ෂෂඨි කඤඨඤාය කඤඨඤානිං 

සප්තමි කඤඨඤායිං කඤඨඤාසු 

 

 නපුිංසක ලිංග (ඵලිං ශබ්දය)  

ඒක වචන බහු වචන 

ප්රථමා ඵලිං ඵලානි 

දුතියා ඵලිං ඵලිං 

තතියා ඵදේන ඵදේහි 

චතුර්ථි ඵලාය ඵලානිං 

පඤචමි ඵදේන ඵදේහි 

 

There are Three Tenses, two voices, two 

numbers, and three Persons in the conjugation 

of Pali verbs.  

The table 2 shows some inflection form for 

the Pali word.  
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Table 2: Pali verb inflections 

Person Number Present 

tense 

Past tense Future tense 

First Singular ගචිජාමි ගචජි ගච්ජජිසඨසාමි 

First Plural ගචිජාම ගචජිිංසු ගච්ජජිසඨසාම 

Second Singular ගච්ජජසි ගදචජා ගච්ජජිසඨසසි 

Second Plural ගච්ජජථ ගච්ජජිත්ථ ගච්ජජිසඨසථ 

Third Singular ගච්ජජති ගච්ජජිිං ගච්ජජිසඨසති 

Third Plural ගච්ජජන්තති ගච්ජජිිංම්හ ගච්ජජිසඨසන්තති 

 

Further, the Sinhala language is closely 

related to the Sinhala language. The next section 

briefly reports some required computational 

grammar for Sinhala.  

 

B. The Sinhala language 

Sinhala is the main language of Sri Lanka. 

Approximately 21 million speak Sinhala as their 

mother tongue and many others in the country 

such as Tamils and Muslims speak it as a second 

language. There are also considerable numbers 

of Sinhala speakers in Singapore, Thailand, 

Canada and the United Arab Emirates. The 

Sinhala language belongs to the Indo-Aryan 

subdivision of the Indo-European language 

family. It was developed with the help of Pali 

and Sanskrit that can be mentioned as sacred 

languages of the Sri Lankan Buddhists. Because 

of the European colonization, Portuguese, 

Dutch, and English have also influenced the 

Sinhala language. 

The Sinhala language has its own alphabet 

and writing system, which was developed for far 

too long. Sinhala is the only language in the 

world that uses the Sinhalese alphabet. There 

are 61 characters in Sinhala alphabet including 

18 vowels, 41 consonants, and 2 semi-

consonants. 

There is a rich morphology system in the 

Sinhala language. These systems were inherited 

from Brahmi script to the Sinhala language [16]. 

Both nouns and verbs are generated into many 

forms with morphology in Sinhala language 

usage. Sinhala verb is divided into general 

classes, namely, a transitive verb (sakarmaka) 

and intransitive (Akarmaka). Further, these two 

verb categories are inflected for voice (karaka), 

mood (vidi), tense (kala), number (wachana) 

and person (purusha). Voice can be either active 

or passive. There are four types of moods, 

namely, indicative, optative, imperative and 

conditional. The Sinhala language has only three 

tenses [16]. They are Past tense, Present tense, 

and future tense. Main verb (Akkyathaya) 

participate three types of inflections namely 

person, number, and sex. Table 3 shows 

inflection forms of a verb in the active voice and 

the passive voice. 
 

Table 3: inflection forms of a verb in the active voice and the 

passive voice 

 
Inflection form of the Sinhala verbs (active) 

 
Inflection form of the Sinhala verbs (passive) 

 

4. Design and Implementation 

This section briefly describes design and 

implementation of the Pali to Sinhala translator. 

Figure 2 shows the design of the Pali Sinhala 

translator. The translator consists of three 

modules namely Pali Morphological Analyzer, 

Pali to Sinhala translator and Sinhala 

Morphological generator.  The task of each 

module is reported in the below. 

 

A. Pali Morphological Generator 

Pali Morphological generator is the key 

module in the translator that reads Pali word as 

an input and provide root word and the 

grammatical information for each word. This 

Pali Morphological generator uses affix spiriting 

approach to handle the Pali morphology.  Under 

this research, we have identified irregular and 

regular forms of the Pali noun and words. 

Irregular words are put into Pali dictionary and 

root word indentation table has been developed 

for the regular words. In the Pali language 

normally noun participate gender-based 

conjugation. In addition to that, conjugation can 

be divided into the last sound of the noun call 

"Anthaya" The following Table shows the last 

sound ‘අ' for the Pali word "බුද්ධ" 
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Table 4: Apexes table for the Singular plural noun with last sound 

‘අ. 

Case Example Add Remove 

පඨමා බුද්දධා දධා ධ 

දතයා බුද්ධිං ංිං  

තතයා බුද්දධන දධන ධ 

චතතථ බුද්ධාය ංාය  

කරණ බුද්දධන දධන ධ 

පඤ්චම බුද්ධා ංා  

ඡටඨ බුද්ධසඨස සඨස  

සතතම බුද්දධ දධ ධ 

ආලපන බුද්ධ   

 

With the same method, we have identified 

affix spiriting table for the Pali Noun and Verbs.  

By using these grammatical rules, the root word 

of the Pali word has been identified. This 

analysis has been done with the support of the 

Pali lexical database that consists of regular 

nouns, regular verbs, irregular nouns, verbs and 

other words.     

 

B. Pali to Sinhala Translator 

The Pali to Sinhala Translator uses Pali-

Sinhala dictionary and identify suitable based 

word for the existing Pali word. This translator 

does not consider word level ambiguity and 

semantics issues. Word is not available in the 

dictionary translator provides an error message 

and recorded it as an out-of-vocabulary word. 

The bilingual dictionary consists of Pali words 

and related Sinhala words with their 

grammatical category. 

 

C. Sinhala Morphological Generator 

The Sinhala Morphological generator uses 

to generate appropriate Sinhala word for the 

given Sinhala based word. This Morphological 

generator uses existing affix spiriting rules that 

are developed under the BEES project [5] [13]. 

In here, we use Sinhala Pali sentence, which is 

available on the Dhamma schoolbooks, 

therefore, limited numbers of rules are used to 

generate Sinhala words. 

After morphological generating, each word 

is shown as a translated output of the system. 

Note that word order of the Pali and Sinhala are 

closely related to each other. Thus, syntax level 

generation has not been applied in the current 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
Figure 2: Top-level Design of the Pali to Sinhala Translator 

 

 
Figure 3: Graphical user interface of the Pali to Sinhala Translator  

 

5. How System works 

This section reports how system translates a 

given Pali sentence into Sinhala. For Instance, 

System reads "අහිං ගාමිං ගච්ජචාමි" )Ahng gamang 

gachchami) as the input sentence. Then Pali 
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Morphological analyzer reads words "අහිං", 

"ගාමිං" and "ගච්ජචාමි" as the input and identifies 

based word and the morphology of each word. 

The table xx shows the result of the Pali 

morphological analysis. Then Pali-Sinhala 

bilingual dictionary used to identify each based 

word for the input base word. Because of the 

dictionary, based translation system reserved the 

මම ගම යනවා as the corresponding Sinhala 

based words. Then Sinhala Morphological 

generators read these Sinhala words and 

grammatical information identified by the Pali 

Morphological generator, generates appropriate 

Sinhala words for the existing Sinhala based 

word. After Morphological generation, the 

translated sentence is shown as "මම ගමට ගමි". 
Note that, Pali and Sinhala languages are related 

to each other and syntax of both languages are 

almost same. Therefore, syntax level attention 

for translation is not required.  

  

5. Conclusion and Further works 

This paper presented design and implementation 

of the Pali Sinhala translator that was translated 

Pali sentence into Sinhala with the dictionary-

based approach. The system also comprises of 

Pali Morphological analyzer and Sinhala 

Morphological generator to analyze and 

generate Pali and Sinhala words to provide an 

accurate translation. The Pali Morphological 

generator has been developed to analyze Pali 

words. The Pali Morphological analyzer uses 

affix spiriting rules that are used for word 

declension. Sinhala Morphological generator 

also uses Sinhala Morphological rules that are 

available on the BEES project. This translator 

uses word-level translation and gives attention 

only to source and target morphology. The Pali 

Sinhala translator has been successfully tested 

for simple Pali sentences as a language learning 

tool for the grade 6-9 Dhamma schools. 
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Abstract 

Optimization for deep networks is currently a 

very active area of research. As neural networks 

become deeper, the ability in manually optimizing 

the network becomes harder. Mini-batch 

normalization, identification of effective respective 

fields, momentum updates, introduction of residual 

blocks, learning rate adoption, etc. have been 

proposed to speed up the rate of convergent in 

manual training process while keeping the higher 

accuracy level. However, the problem of finding 

optimal topological structure for a given problem is 

becoming a challenging task need to be addressed 

immediately. Few researchers have attempted to 

optimize the network structure using evolutionary 

computing approaches. Among them, few have 

successfully evolved networks with reinforcement 

learning and long-short-term memory.  A very few 

has applied evolutionary programming into deep 

convolution neural networks. These attempts are 

mainly evolved the network structure and then 

subsequently optimized the hyper-parameters of the 

network. However, a mechanism to evolve the deep 

network structure under the techniques currently 

being practiced in manual process is still absent. 

Incorporation of such techniques into chromosomes 

level of evolutionary computing, certainly can take 

us to better topological deep structures. The paper 

concludes by identifying the gap between 

evolutionary based deep neural networks and deep 

neural networks. Further, it proposes some insights 

for optimizing deep neural networks using 

evolutionary computing techniques. 

Keywords: Deep Networks, Optimization, 

Evolutionary Computing, Speeding Up Rate of 

Convergent, Normalization. 

1. Introduction 

Training an Artificial Neural Network (ANN) 

for a given task is a still a demanding research 

topic in the field of Artificial Intelligence. In 

order to obtain the highest performance of the 

network, multi-dimensional optimization is 

essential which increase the complexity of the 

problem. The performance of ANN is 

determined by an aggregation of learning rate, 

accuracy and generalization. Learning rate is 

very important as providing an enormous 

labeled dataset for training. On other hand, the 

time taken to achieve a given benchmark of 

accuracy should be reduced as much as possible. 

Therefore, the learning rate should be 

maintained properly in order to enhance the 

performance of ANN. The overall learning rate 

can be measured by number of epochs and time 

taken for learning. The accuracy of the ANN is 

another key component of the performance 

since the output should be with minimum error 

after a certain number of epochs. If the final 

error is beyond the desired margin of error, then 

the ANN is with poor performance. The error of 

an ANN is measured by mean squared error, 

mean absolute error, exponential error method, 

etc. After all, the designed ANN should be able 

to generalize well. Generalization means the 

characteristic of applicability to any problem 

within a given scenario. In a nutshell, how well 

it will be able to give the desired output when a 

new input is given. This generalization is related 

with the problem of over fitting of ANN. If the 

ANN is trained more for a particular type of 

uniform dataset, the accuracy will be 

substantially increasing for that particular type 

of input data points. But, when future data point 

is given, the output will be worst. This incident 

is called as, over fitting of a network. Therefore, 

generalization of ANN should be protected 

throughout the designing and training process. 

Ultimately, ANN performance can be defined as 

follows; any well-generalized ANN should be 

attained for a given subset of problems with 

high accuracy in less number of epochs.  

In order to maximize the performance of 

ANN, the determination of the optimal network 

structure and weights for the given task, is a 

multi-dimensional problem with a vast space of 

solutions. The process of determining the most 

appropriate topology of network for the given 

task is called as structural optimization. The 

number of hidden neurons and the connectivity 

between these neurons construct the topology of 

the network. Some neurons have to be dropped 

because of their less effectiveness for the 

network and some neurons have to be added due 

to their usefulness. Then the feed forward and 
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recurrent connectivity between these neurons 

have to be determined in order to construct the 

complete structure. This connectivity is not 

about the weight of the connection, but the 

existence of the particular connection. The 

structure is usually decided using an ad-hoc 

choice or some trial and error method. The ad-

hoc choice is done by a priori analysis of the 

task. This is much complicated and non-

deterministic due to the lack of a proper model 

of the task.  Furthermore, a conventional ad-hoc 

structure does not provide the optimum solution 

for a given task. Apparently, shoehorning the 

given task to a pre-defined structure is 

inappropriate; rather the structure should be 

shoehorned to the given task. The trial and error 

methods can be categorized as constructive and 

destructive methods. Constructive methods are 

initiated with a simple and small structure and 

later more neurons and connections are added to 

improve the performance. In contrast, 

destructive methods initiated with complex and 

massive network and gradually delete the 

connections and neurons to make the structure 

simple and small.  These time and error methods 

are computationally prohibitive and more likely 

to be trapped in structural local optima because 

of the stochastic search methods used.  

Moreover, these search methods are limited for 

some predefined topologies; hence search 

through a narrow solution space only. The 

evolutionary computing comes on stage in this 

context. Evolutionary computing methods have 

become successful alternative for topological 

optimization, due to larger search space, higher 

speed and more probability to achieve global 

optima. By using the genetic algorithms and 

evolutionary programming, some algorithms 

have outperformed the conventional structural 

learning methods.  

The process of determining the weights of 

the connections is called as parametric 

optimization. The weights represent the strength 

of the connections. These weights are usually 

found by Stochastic Gradient Descent (SGD) 

algorithm. The convergent rate and the 

likelihood to trap in local optima are drawbacks 

of this method. As per the literature, few 

researches have been done to apply evolutionary 

computing methods in parametric optimization.  

 

 

2. Evolutionary Computing on ANN 
Training 

The research into applying Evolutionary 

Computing to improve the performance of ANN 

can be mainly explained under the strategies as 

representing network in terms of individuals of 

the population, initialization of population by 

initial network structure, adoption of proper 

fitness functions to find optimum network 

structure, development of parent selection 

criteria to produce better structure, and 

reproduction operators. The next couple of 

sections describe those strategies in detail. 

 
A. Representation of Individuals 

In [1],  an individual chromosome is 

interpreted with a bit string which is a 

combination of several sub strings. The number 

of bits of a sub string is decided by the 

granularity. A coarse granularity has a very 

narrow search space, hence less computational 

cost. A fine granularity has a large search space, 

but computationally expensive. Therefore, the 

number of bits in a sub string is a critical 

parameter that should be decided corresponding 

to the given task and network. The first 

substring of the chromosome indicates the 

granularity of the string, in binary numbers. 

Then all other substrings represent the 

connection links between the neurons. First bit 

of a substring represents the connectivity. If the 

connection exists it has value ‘1’ and if the 

connection does not exist it has value ‘0’. The 

rest of the bits of a substring interpret the weight 

using a binary encoding. Particularly, if the 

granularity is n, the different number of weight 

values that can be represented is 2n-1. For 

example, if the number of bits is 4, it can 

represent 8 different weight values, such as -2 to 

5 with binary encoding 000 ~111 (i.e. -2=000, -

1=001, 0=010… 5=111). These weight values 

are included only when connection are existing. 

That means, if the connectivity bit is 0 the rest 

of the sub string will be disappeared. Therefore, 

the different individuals may have different 

length of strings. Finally, these substrings are 

arranged in an order, such a way to keep the 

substrings, which represent the connections 

coming to the same neuron, at nearby.  
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Figure 1: Representation of chromosome in [1] 

 

There are some drawbacks with this 

representation. As mentioned above the 

individuals may have different bit lengths and so 

that difficult to mate two of them straight away. 

Besides that, this is limited for some range of 

weight values; consequently, a small search 

space is utilized. Furthermore, this encoding 

scheme is not applicable to recurrent networks. 

Moreover, this representation does not allow 

add/delete neurons, hence the number of 

neurons is constant throughout the process. 

However, the other researches have 

demonstrated the importance of changing this 

parameter (i.e. number of hidden neurons). [19] 

is also use a similar type of genotype, which 

consist two types of genes. Neuron genes 

represent the input, output and hidden neurons 

while connection genes represent the 

connectivity. Each and every neuron has a 

particular number that want change throughout 

the process. The connection genes carry the 

information of connection input and output 

neuron number, weight, the availability of 

connection (connectivity bit), and innovation 

number (this is explained later).  

Since evolutionary programming usually 

does not use an encoding scheme, [2] and [3] 

have used real number values to represent the 

individuals. If the number of input and output 

neurons are m and n respectively, and maximum 

number of hidden neurons is N, then size of 

(m+N+n) x (m+N+n) two matrices are used. 

One is a binary matrix, which represents the 

connectivity between the neurons, and other one 

is weight matrix, which represents the values of 

particular connections. In [3] these two matrices 

are upper triangular matrices, because the 

presented algorithm doesn’t applicable for 

recurrent neural networks. Then, another N 

dimension vector is used to denote the existence 

of the hidden neurons. The components of the 

vector can be either value 1 or 0. If a particular 

neuron exists it indicates as value ‘1’ and if it 

doesn’t exist it indicates as ‘0’.  Since 

evolutionary programming uses asexual 

reproduction, only (no crossover operations) this 

notation suits well.  

 
B. Initialization of the Population 

Maniezzo [1] generates an initial population 

randomly, constrained to the given range of 

granularity and the given number of neurons. 

The other researchers [2] and [3] randomly 

select the number of hidden neurons and the 

number of connection links, from uniform 

distributions over user defined ranges. Then, the 

weight values are also generated from a uniform 

distribution over a small range. [3] does a 

further modification after generating the initial 

population. It trains the population partially 

using BP and then if the error is reduced in a 

particular individual then it is marked as 

“success” or otherwise as “failure”. [19] 

initialize the networks without hidden neurons. 

The population begins with the simplest 

network and the hidden neuron are added 

according to the performance.  

 
C. Fitness Function 

For supervised learning there are three 

possible ways to measure the fitness [2]. 

Summation of square error (1), Summation of 

absolute error (2), or Summation of exponential 

error (3) of the nth individual can be used to 

measure the fitness of the particular individual. 

ti is the targeted output of ith labeled data point 

used for training, and   is the actual output for 

the particular input. The superscript  denotes 

an individual of the population. 
 

 

 

 
 

Yao  and et al [3] uses a more advance 

method to evaluate the individuals. It calculates 

the mean square error percentage and 

normalizes by the factors of number of output 

neurons and the range of the output values. This 

method is adopted from [4].  If the number of 

output neurons is n the number of data points 

used for validation is T, and the maximum and 

minimum values of the outputs are maxO  

and minO , the error for individual  can be 

calculated as follows (4); 
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D. Parent Selection 

Maniezzo [1] has used a very primary 

parent selection method; i.e. randomly pair the 

individuals of the existing population. Then, 

each and every pair will undergo a crossover 

operation. The mutation operations are 

implemented on each individual with a pre-

defined probability. However, [3] uses a rank 

based method to select a parent. Every 

individual of the population is given a rank from 

0 to (M-1) from the descending order of the 

fitness, i.e. the ascending order of the calculated 

error. It has reduced the computational load by 

avoiding taking the reciprocal of the error to 

calculate the fitness value. The probability of 

the  th individual to be selected is (5); 

 

 
 

The main drawback of this method is; it 

assumes a uniform distribution of error values, 

even though it is not. The others [2] use a very 

simple method to select the parents. The fittest 

half of the existing population is used to 

produce the offspring of the next generation.  

 
E. Reproduction Operators 

Each and every parent undergoes for 3 type 

of mutations in [1]. Granularity bit mutations, 

connectivity bit mutations, and weight bit 

mutations are executed with three user defined 

mutation probabilities. The n point crossover 

operator is used for sexual reproduction. 

Although individuals may have different lengths 

of bit strings to represent them, all of them are 

stored in maximum possible fixed length 

memories. That is the string length of an 

individual with maximum possible granularity 

and maximum connectivity.  For example, if the 

maximum possible connections are 5 and 

maximum granularity is 3 then, then the 

maximum possible length will be 22, with two 

bits to represent the granularity. The individuals 

with less number of bits just don’t use the rest of 

bits to represent their network. The crossover 

operator is implemented using these fixed length 

bit strings, so that no problem of mating 

different size of individuals. However, one 

drawback of this operator is the lacking of 

compositionality property. Compositionality is 

the meaningfulness of a portion of a string.  

Some researchers [2], [3] use asexual 

reproduction only. Two types of mutations are 

performed in order to obtain a valued offspring; 

i.e. parametric mutations and structural 

mutations. Rather using fixed probabilities like 

[1], [2] yield the probabilities by uniform 

distributions. First it calculates a ‘temperature 

value’ (T) for particular parent using its fitness 

value. If the maximum attainable fitness value is  

 and fitness of the  individual is  then,  
 

 
 

gives the temperature value for that parent. 

Then it calculates an instantaneous temperature 

value (   for every mutation operator 

implementation.  
 

 
 

where  is a random variable chosen 

from a uniform distribution over the interval 

[0,1]. The weights are updated choosing a 

random variable from a normal distribution; 
 

 
where,   is a user-defined proportion. 

There are four kinds of structural mutations used 

in [2] and [3], those are; adding a hidden 

neuron, deleting a hidden neuron, adding a 

connection link and deleting a connection link. 

[2] apply these mutations on parents with 

particular number calculated using pre-defined 

interval of   for each four structural 

mutation type. This particular number for each 

individual is given in eq.(9). 
 

 
 

The researcher [3] uses a hybrid training 

method of back propagation(BP) and simulated 

annealing(SA), for parametric mutation. When a 

parent is selected, if it is marked as “success” 

then it undergoes for further BP training and no 

further any mutation is done. Else if it is marked 

as “failure” then it is trained using SA and 

update whether success or failure. If it’s success 

then no further mutations are performed, but if 

it’s still “failure” structural mutations are 

performed followed by partial BP training in the 
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sequence of hidden neurons deletion, connection 

links deletion, connection links addition and 

hidden neuron addition. These structural 

mutations are executed according to the survivor 

selection method described in the next subtopic. 

The number of hidden neurons and connection 

links to be deleted is random values chosen 

from small uniform distributions defined by the 

practitioner. These generated numbers of 

neurons are deleted uniformly at random.  The 

connection links are deleted according to the 

importance of a connection. The importance of a 

connection is evaluated by a variable called 

‘test’ of that particular connection. When T 

number of validation patterns is used, if the 

particular connection has a weight of  then; 

 
 

where    and .  

 is the average value of over T number of 

validation patterns. According to this test value, 

the connections are deleted. Same value is used 

for addition of connection links and these 

adding connections are selected from the 

connections, which are currently with zero 

weights. In neuron addition, a process called 

“cell division” is used. An existing neuron is 

spitted into two parts and following weight 

vector updating is carried out.  

 

       

         (10) 

      

 

Where  and  are weight vectors of 

new neurons and  is a mutation parameter 

which may be either fixed value or random 

value.  

One of the main disadvantages of these 

structural mutations is the generational gap. 

That means the huge behavioural differences 

between the parents and the offspring. [2] 

introduces the new hidden neurons without any 

connections and connections with zero weights 

preventing radical jumps in fitness values in 

these two types of mutations. But, it claims that 

in addition of connection links/neurons these 

sudden changes are inevitable. After all four 

types of structural mutations, [3] use a partial 

training with BP to avoid these sudden 

behavioural changes. Additionally, the added 

connection links are initialized with small 

weight values in [3], in contrast to zero initial 

weights  in [2], because of the partial training 

with BP. 

[19] uses two structural mutations only; i.e. 

addition of connection and addition of hidden 

neuron. Connections are added with random 

weight values. The new hidden neurons are 

added by splitting the existing connections. The 

new neuron will get an input connection with a 

weight of 1 and output connection with weight 

of old connection weight. Preserving the old 

weight value will reduce the generational gap 

between the parents and the offspring. 

Whenever one of these mutations are occurred, 

a new gene is added to the chromosome, which 

leads to vary the size among the individuals. 

Every new gene is given a number called 

“innovation number” which is incremented in 

every single mutation. This number of a 

particular gene, want change in the entire 

process. Hence, the historical data will be 

preserved and can be utilized whenever needed. 

This feature is not available in any other 

method. These data is used to line up the 

individuals with different sizes in order to 

implement the crossover operation.  

 

3. Optimization Techniques in Deep 
Convolution Networks 

The techniques that have been used in shallow 

neural networks have been further advanced and 

applied in deep neural networks. Especially, 

normalization techniques which were used to 

normalize the inputs in conventional neural 

networks, has been extended to weight 

normalization as well as intermediate output 

normalization. Further, different momentum 

algorithms have been derived to speed up the 

convergence of deep networks, the next couple 

of sections sum up the common approaches that  

have been practiced to smooth and speed up the 

learning process of deep networks. Here, the 

paper focuses only on convolutional neural 

networks (CNN) because it has been recognized 

as a key approach for object recognition. 

 
A. Normalization Techniques  

In deep networks, input to each layer is 

affected by parameters of previous layers, as 

network parameters changes (by training), even 

small changes to the network get amplified 

down the network. This leads to change in the 
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statistical distribution of inputs to following 

layers from previous layers, therefore hidden 

layers will keep trying to adapt to that new 

distribution, hence slows down the convergence 

and make it difficult for training. This may lead 

to requirement of low learning rates and careful 

parameter initialization. This is known as 

internal covariant shift. As a general solution, it 

introduced to normalize the data (by mean and 

variance) and several normalization techniques 

have been tried out. 

 

1) Normalization 

Normalize data by both mean and variance 

is a major technique, which simply is to 

transform to make data with zero mean and unit 

variance hence de-correlated, through a series of 

linear transformations. The process centers, the 

data around value zero by subtracting the mean 

and then divide by the standard deviation for 

scaling. In general, subtracting the mean across 

every individual feature in the data, and make 

geometric interpretation of centering the cloud 

of data, around the origin along every dimension 

(k). To normalize the data dimensions so that 

they are of approximately the same scale, divide 

each dimension (k) by its standard deviation 

after they have been zero centered. This is also 

known as simplified whitening process. This 

simplified whitening only removes mostly the 

first order covariant shift, but for removing 

higher order shift requires complex techniques 

have been introduced. 

 

2) Local contrastive normalization 

Local contrastive normalization (LCN) 

performs a local competition among adjacent 

features (like pixels) in feature maps and 

between features at the same spatial location on 

different feature maps. LCN applies after 

introducing the non-linearity (ReLu) for 

whitened data. 

For example, let us consider a local field of 

3x3-area portion (9 pixels) to clarify the 

process. First, for each pixel in a feature map, 

find its adjacent pixels (radius is 1 in this case), 

so there are 8 pixels around the target pixel in 

the middle (do the zero padding if the target is at 

the edge of the feature map). Then, compute the 

mean of these 9 pixels (8 neighbor pixels and 

the target pixel itself), subtract the mean for 

each one of the 9 pixels. Next, compute the 

standard deviation of these 9 pixels. In addition, 

judge whether the standard deviation is larger 

than 1. If larger than 1, divide the target pixel’s 

value by the standard deviation. Otherwise, keep 

the target value as what they are (after mean 

subtraction). At last, save the target pixel value 

to the same spatial position of a blank feature 

map as the input of the next layer of the deep 

CNN. 

LCN introduces a competition among the 

output of adjacent convolution kernel. This 

normalization technique is useful when it deals 

with ReLU neurons because ReLU neurons 

have unbounded activations and needs local 

responsive normalization to normalize that. For 

detecting high frequency features with a large 

response, normalizing around the local 

neighborhood of the excited neuron, it becomes 

even more sensitive as compared to its 

neighbors [12].  

 

3) Batch Normalization 

Batch normalization (BN) is a learnable 

whitening process that normalizes the inputs to 

each following hidden layer so that their 

distribution kept fairly constant as training 

proceeds, hence improves training and allows 

faster convergence. About input distributions, 

BN algorithm addresses the changing 

distributions issue which known as internal 

covariant shift and allows using higher learning 

rates. These learnable hyper parameters in BN 

transformation are learned through back 

propagation during online or mini-batch 

training. Furthermore, Batch normalization 

reduces effects of exploding and vanishing 

gradients while regularize the model. Without 

BN, low activations of one layer can lead to 

lower activations in the next layer, and then 

even lower ones in the next layer and so on [11].  

At the beginning batch normalization 

initialize (with mini batches) by normalizing the 

data using calculated mini batch mean and 

variance hence standard deviation Not just 

normalizing each input of a layer may change 

what the layer can represent. To address this, it 

introduced a transformation, for each 

normalization, a pair of parameters, which scale 

and shift the normalized value. These 

parameters are learnable during the training 

using back propagation and by setting them 

equal to standard deviation and mean 

respectively it could even recover original 

activations. These learned parameters in 

transformation depend on all the training 

examples in the mini batch. Also, learning 



Dias et al. 
 

 

 

SLAAI - International Conference on Artificial Intelligence   University of Moratuwa, Sri Lanka       31st October 2017  

35 

ensures that as the model trains, layers can 

continue learning on input distributions that 

exhibit less internal covariate shift, thus 

accelerating the training.  
 

B. Momentum Updates 

1) Vanilla momentum update 

Momentum is one of the key approaches 
that have been applied to faster the convergence 
of deep networks getting out of local minima.  
With momentum m, the weight update at a 
given time t, m adds a fraction of the previous 
weight update to the current one as shown in 
eq.20. When the gradient keeps moving into the 
same direction, m increases the size of the steps 
toward the minima. On contrast, when the 
gradient changes the direction compared to 
previous few steps, momentum help to smooth 
out variation.  
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2) Nesterov momentum update 

Nesterov momentum is a derivative of 

momentum updates, which performs well in 

convex functions as in eq.21 and eq.22. The 

basic idea of Nesterov momentum is to compute 

the gradient of the future approximate position 

than the current position of the parameter. This 

accelerated momentum   helps to rush the 

network to its convergence [5, 9].   
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C. Effective Receptive Field 

Particularly in CNN, behaviour of a unit 

depends only on a region of the input, which is 

called a receptive filed of the unit. Theoretically, 

size of the receptive field of an output unit can 

be increased by stacking more layers to make 

much deeper network, or by sub-sampling, 

which increases the size of receptive field. 

Deeper analysis into receptive fields has shown 

that pixels in a receptive field do not contribute 

equally to response of the output unit.  Indeed, 

the central pixels in the receptive field make 

much larger impact on the response rather than 

the boundary pixels. These pixels, which make 

larger impact on the output, is known as 

effective receptive field (ERF) [6]. Further, 

these effective receptive fields are Gaussian 

distributed and growing bigger in size during the 

training.  Since ERF are smaller at initial stages, 

and causes problems for the tasks that require a 

larger receptive field, the weights are suggested 

to initialize in lower scale at the center and in 

higher scale at the outside.  However, an 

architectural change to CNN has also been 

suggested in terms of defining convolution 

window which emphasis the need of defining 

window, which connect larger area with some 

sparse connection, rather than defining small 

local convolution window [10].  

http://www.erogol.com/dilated-convolution/ 

 
D. Dropout training  

Model combination always improves the 
performance of neural networks. With large 
neural networks, averaging the outputs of many 
separately trained nets is expensive.  Training 
many different architectures is hard, because 
finding optimal hyper-parameters requires a lot 
of computation. Large networks normally 
require large amounts of training data and there 
may not be enough data available to train 
different networks on different subsets of the 
data. Dropout is a technique that prevents over-
fitting and provides a way of approximately 
combining exponentially many different neural 
network architectures efficiently. Dropout refers 
to dropping out units (hidden and visible) in a 
neural network. Training a network with 
dropout and using the approximate averaging 
method at test time has led to significantly lower 
generalization error [15].  

 
E.  Annealing Learning Rate 

In deep networks, many researchers have 

tried to anneal the learning rate over time. 

Knowing when to decay the learning rate is very 

tricky. Decaying the learning rate slowly can 

cost high computational time and on the other 

hand decaying the learning rate aggressively 

may not help the system to reach the global 

minimum. Step decay, and exponential decay 

are common types of implementing the decay. 

Step decay reduces the learning rate by some 

factor every few epochs. Exponential decay 

reduces the learning rate exponentially over the 

number of iteration. Adaptive learning rates 

such as Adagrad [13], RMSprop and Adam [14] 

are some of the significant learning rates that 

have been proposed to improve the performance 

of Deep neural networks. 
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4. Evolutionary Strategies in Deep 
Convolution Networks 

Optimizing topological structure of deep neural 

networks has become more challenging task as 

the increase of the depth of the network. No 

longer it is feasible to find the optimum 

structure for deep networks for a given problem 

manually and has opened up new branch in deep 

networks to look into the possibility of 

automating the task. As we discuss in early 

sections, many approaches have been proposed 

to optimize the deep networks, however 

Evolutionary Computing (EC) based approaches 

are being called back to overcome the difficulty. 

Application of EC into reinforcement learning 

on Atari games [17], and EC into Long-Short-

Term-Memory (LSTM) on image capturing and 

language modeling [16] are some of the 

significant recent applications which could 

confirm the possibility of improving efficiency 

of deep networks using EC based techniques.  

Among them, few researchers have 

attempted to improve the topological structure 

of deep CNN. Miikkulainen et al [16] has 

evolved a CNN network which could reach the 

convergence after 30 epochs and it is compared 

to 4 times faster than the manually defined 

approach for the same problem set (CIFAR-10). 

In their approach, a convolution layer has been 

defined as a node in chromosome in 

evolutionary programming. Problem was solved 

as multi-population problem that evolves  

structure and then hyper-parameters for the 

assembled network.   However, in this approach 

optimizing of hyper-parameters were done after 

the network structure was assembled by genetic 

programming. Suganuma et al[18] has applied 

Cartesian genetic programming to evolve the 

CNN in image classification task. In addition to 

convolution blocks, batch normalization and 

residual blocks have been considered in 

evolving the topological structure. However, the 

hyper-parameters of the network have been 

optimized after assembling the network. 

 

5. Discussion 

As the performances of deep neural networks 

increases, in general the number of layers in 

deep neural networks is also increases. That is 

the more the number of layers; the more 

accuracy has been recorded. Optimizing the 

deep neural network’s topological structure for a 

given data set has become a challenging task for 

neural network researchers. Therefore, many 

researchers are now exploring the possibility of 

applying genetic programming or evolutionary 

algorithm to evolve deep neural networks.  

In conventional neural networks, this has 

been mainly achieved by applying evolutionary 

algorithm. In there, the network hyper-

parameters are encoded into genes of 

chromosomes, and then have tried to optimize 

the parameters based on a defined fitness-

function. Or else, the network topological 

structure has been tried to encode into 

chromosomes of genetic algorithm and tried to 

optimize the network topological structure.  

However, these approaches are not good enough 

to optimize the deep neural networks, because 

compared to conventional neural networks, deep 

neural networks has variety of architectures 

combing many different modules or layers. For 

example, residual layer, normalization layer, 

inception module, etc. Therefore, new 

approaches have been investigated to optimize 

the deep neural networks’ topological structure 

or hyper-parameters. Few researches have 

encoded the modules of deep neural networks 

into chromosomes and tried optimize the neural 

network structure. However, those techniques 

are required further researches to evaluate their 

performances thoroughly. 

Here the paper proposes to optimize the 

deep neural network structures as a collective 

intelligence of genetic programming: 

representing deep neural networks in terms of 

acyclic graph in detail (into neuronal level and 

connection) using genetic programming. As per 

the concept governed by swarm intelligence, 

each module or layer in the network is identified 

as a local genetic program. Hence the entire 

network can be considered as multiple genetic 

programs. Each entity is trying to optimize its 

behaviour locally under the constraint of 

optimizing overall behaviour of entire network. 

In this way, we can approach the deep neural 

network optimization problem, as emergent 

feature of collective multi-genetic programs.   
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Abstract 

Application of metaheuristics for Energy 

Minimizing    Vehicle Routing Problem (EMVRP) 

has become extremely important because of practical 

relevance. The EMVRP aims at serving dynamic 

demanding customers distributed throughout the 

world while consuming minimum possible energy, 

which represent as a product of load and distance. 

The NP-hard problem nature urges the researchers 

to utilize metaheuristics to solve them in non-

polynomial time. Although there exists several 

metaheuristics, as of to date the EMVRP is only 

formulated and solved using the Genetic Algorithm 

(GA). According to the authors’ knowledge there is 

only one instance reported in literature of 

metaheuristic based on GA on EMVRP. There are no 

studies reported on the development of TS based 

metaheuristic for the EMVRP and use of machine 

learning to guide the local search in formulating 

EMVRP. In this study, at first the authors formulate 

EMVRP using Tabu Search (TS) and evaluate its 

performance with test cases from the CVRPLib 

repository for the vehicle routing problems (VRPs). 

As the second stage, the authors improve the local 

search in the data set embedding machine learning 

(ML) techniques in the developed TS algorithm and 

critically evaluate the applicability using the same 

test cases. The study introduces a new TS based 

formulation for EMVRP for the literature as well as 

derives the fact of augmenting ML brings super 

performance in metaheuristics in solving EMVRP.  

Furthermore, the study lays foundation in filling the 

knowledge gaps in the current literature and 

proposes future research directions in machine 

learning augmented metaheuristics to enhance 

solving the EMVRPs. 

 

Keywords - Vehicle Routing, Machine Learning, 

Tabu Search 

 

1. Introduction 

Energy Minimizing Vehicle Routing Problem 

(EMVRP) comes under combinatorial 

optimization and importance is gained 

importance during the past years due to its 

relevance with the developing industrial world. 

It is one of the most known np-hard problem 

which finds optimal route to satisfy dynamic 

demanding customers distributed throughout the 

world from a given distribution center while 

minimizing the total energy [4]. NP-hard 

problems such as EMVRP is solved using 

techniques of heuristics because they cannot be 

solved in a realistic computational time by using 

exact mathematical models due to its increased 

variables and complexity [6]. The term-met 

heuristic was first introduced in [10]. 

Metaheuristic is a class of heuristic which is 

more realistic in reaching global optimum due to 

its nature of accepting temporary deterioration 

of solutions, which allows them to explore more 

thoroughly the solution space and thus to get a 

better solution [5]. 

EMVRP is mathematically formulated in [1] 

with the objective of minimizing energy 

consumption while serving distributed set of 

customers and the study highlights the 

computational times of CPLEX for even 

moderate sized problems are not feasible.  

According to [1] the real cost of a vehicle 

traveling between two nodes depends on many 

variables, the load of the vehicle, fuel 

consumption per mile (kilometer), fuel price, 

time spent or distance traveled up to a given 

node, depreciation of the tires and the vehicle, 

maintenance, driver wages, time spent in 

visiting all customers and total distance traveled 

etc. As most of the above-mentioned variables 

are distance or time based and can be 

approximated by the distance alone. The 

variables which are not a constant within the 

route can be vehicle load, fuel consumption per 

mile (kilometer), fuel price or time spent up to a 

given node. In a recent study, these variables are 

presented as a function of the load of vehicles 

on the corresponding arc being energy of a 

given route to be equal to the product of 

distance travelled and the load of the vehicle [1].  
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The research presented by [7] introduce 

variety of approximate algorithms, including 

classical heuristics and metaheuristics to 

efficiently solve different variants of VRP. The 

research of [12] is one such special VRP context 

where it objects to minimize the number of 

vehicles while minimizing the total route 

duration. The study of [13] is a heuristic based 

solution to make constructive routes to pick up 

and deliver goods based on time windows. 

Application of metaheuristic for the variant of 

EMVRP is first ever published by [3] where GA 

is used as the type of metaheuristic to formulate 

EMVRP. Literature is novel to EMVRP 

formulation with other types of metaheuristic. 

An analysis of metaheuristic application for 

EMVRP for the research history is done in the 

study of [9]. It brings out the fact that 

metaheuristic application on EMVRP other than 

GA is novel to the literature and no ever 

publication done in that regard. The authors 

attempt at bring TS for EMVRP to the literature 

which will eye open further research domains. 

Use of information on the past progress of the 

search in maximizing local search comes under 

the metaheuristic of Tabu Search (TS), [8]. A 

distinctive feature of TS compared to memory-

less metaheuristics is the use of adaptive 

memory to explore the search space in a 

responsive manner. According to [11] findings, 

TS can use both explicit and attributive 

memory. 

Augmenting metaheuristic using ML for 

EMVRP is a new research domain. The study of 

[2] proposes a comparative analysis of different 

clustering techniques where grouping of similar 

objectives to clusters. Augmenting metaheuristic 

with ML is first reported by [3] using k-means 

clustering for the EMVRP domain. This was 

carried out tuning the main parameters, which 

are mutation rate, population size, and number 

of generations for the better performance of the 

parameters in concern to improve overall 

performance of the metaheuristics. Except for 

[3] literature is silent on the application of ML 

augmented metaheuristics to solve EMVRP or 

related variants. 
 

2. Methodology 

A. Phases of Research:   

The research flow is designed mainly 

focusing on 3 stages. First, a new TS 

metaheuristics is developed and the results for 

elite energy, which is the lowest achievable 

energy is obtained. Then, the developed 

metaheuristic is augmented with ML by guiding 

local search and elite energies are obtained. 

Lastly, the comparative study focusing on two 

methods is done and identify new knowledge 

gaps to the literature. Main stages of research 

can be represented as in Table 1. 

   

B. Data Collection:   

The test data is obtained from a vehicle 

routing problem library CVRPLib publically 

available in the internet under the link of 

http://vrp.atd-lab.inf.puc-rio.br/index.php/en/ 

and this repository is a prominently used library 

in many research studies found in the literature. 

The repository consist data collections of 

various no of customers class, each class with 

data sets with specific customer demands, 

vehicle capacity, and exact geographical 

location of the customers. The authors has 

selected an average no of customer class (about 

32-80 customers) for testing in result generation.

  

C. Development Environment:  

The experiments were carried out on a 

personal computer with the following 

configurations of Core i5, with 8GB RAM, and 

2.30GHz-2.40GHz CPU speed. Left and right-

justify your columns. Use tables and figures to 

adjust column length. Use automatic 

hyphenation and check spelling. All figures, 

tables, and equations must be included in-line 

with the text. Do not use links to external files. 
 

3. Results 

 

A. Phase 01- Formulating EMVRP problem 

using TS 

Generic TS algorithm for the formulation of 

EMVRP is represent in Figure1. 
 

 

 

 

 

  Table 1.  Main Stages of Research 

Stage Description 

Phase 
01 

Formulating the EMVRP problem using TS 
(Generic TS) 

Phase 

02 

Augmenting machine learning concepts to the 

Generic TS to enhance the performance (ML-TS) 

 
Phase 

03 

 

Comparison of energy obtained with Generic TS 
with ML-TS to identify any performance 

improvement using test cases extracted from the 

CVRP Library  

 

http://vrp.atd-lab.inf.puc-rio.br/index.php/en/
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//Assumptions 

Energy is assumed as the product of load and the 

distance travelled 

Weight of the vehicle is 0 

There is only a central depot 

Every vehicle starts and ends in the depot 

Vehicle Capacity is C  

 

//Input  

Read list of cities to be served with demands 

{city1,city2,…,city} from CVRP Lib file Read vehicle 

capacity from text file  

Number of iteration (i)  

Number of solutions (n)     

Size of tabu list (10)  

 

//Initialization  

Take starting point as depot 

Create a tour with a random order of cities  

Estimated rounds=total energy/capacity 

Initial energy = energy consumption of the solution 

Loop start { 

 

//Tabu Search 

Do this for defined no of times to create a solution 

pool 

Get the best tour from the solution pool  

Save as the elite  

Energy=energy of the fittest tour in solution pool 

 

 

//Maintain tabu list 

Remember lastly visited cities by the vehicle 

Check the next move 

If the move is tabu, cut them out in the search 

Else if if possible untabu move, go for untabu move 

Update the tabu list 

Else if no any untabu move 

Apply Freeing strategy 

 

//Stopping criteria 

Check the number of solutions obtained  

    While number of solutions is equal to i 

    Add one more iteration 

} End loop start            

            Figure. 1.  Generic TS algorithm for EMVRP 

 

B. Design of Experiment for parameter setting 

of TS 

Design of experiment (DOE) is carried out 

to select ideal parameter values in obtaining 

minimized energy with practical relevance. 
 

1) Setting number of iterations 

To execute the series of experiments with 

the CVRP test cases, different number of 

iteration levels were identified through the 

Design of Experiments (DOE). The results are 

presented in Table II. 

 

2) Identifying the energy obtained for each 

iteration 

For each test case, the energy is obtained 

and identify the best matching iteration level for 

the study. See Table 2. 

 

 

 

C. Phase 02– Combining machine learning to 

enhance the performance of formulated 

EMVRP with TS and Acronyms 

   

ML-TS algorithm for the formulation of 

EMVRP is represent in Figure 2. The special 

feature in ML-TS algorithm than the Generic 

algorithm is it make internal search more 

intelligent by making clusters of customers who 

are in nearby locations and with under 

optimized level of constrain of demand which  

satisfying the vehicle capacity. 
 

 

 

 

 

 

 

 

 

 

 

CVRPLib file  

Energy(J) obtained for various iterations 

considered in the DOE  

10 100 1000 100000 

A-n32-k5.vrp 82467 69588 65275 52065 

A-n33-k5.vrp 73065 71548 68312 51201 

A-n33-k6.vrp 63340 70347 62139 53890 

A-n34-k5.vrp 71789 69281 68391 54139 

A-n36-k5.vrp 73629 71341 66288 53189 

A-n37-k5.vrp 80186 75904 67190 54399 

A-n37-k6.vrp 82950 78491 71291 55193 

A-n38-k5.vrp 85006 82132 73190 51298 

A-n39-k5.vrp 81298 82467 73575 58104 

A-n39-k6.vrp 93020 79978 75198 56104 

A-n44-k5.vrp 96424 79296 81211 75120 

A-n45-k6.vrp 114476 85195 86241 87368 

A-n45-k7.vrp 100666 93184 99761 83190 

A-n46-k7.vrp 102963 96929 92078 83094 

A-n48-k7.vrp 112557 99159 88241 84201 

A-n53-k7.vrp 130355 111328 86131 81445 

A-n54-k7.vrp 128316 116288 101901 88412 

A-n55-k9.vrp 130226 123899 120458 86945 

A-n60-k9.vrp 126910 124902 133073 101405 

A-n61-k9.vrp 120946 132199 128394 105399 

A-n62-k8.vrp 159454 141271 129385 112901 

A-n63-k9.vrp 158459 143199 132787 121678 

A-n63-k10.vrp 150705 148134 144283 121328 

A-n64-k9.vrp 140798 142908 138779 126803 

A-n65-k9.vrp 164953 150344 153373 119045 

n65-k9.vrp 168469 148299 142254 119480 

A-n69-k9.vrp 177771 151236 142352 128357 

A-n80-k10.vrp 197167 148913 143178 126983 

Table 2. Energy Obtained For Different Iteration Levels 
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//Input  

Read list of cities to be served with demands   

{city1,city2,…,city}  

from CVRP Lib file  

Vehicle Capacity is C  

Number of iteration (i)  

Number of solutions (n)     

Size of tabu list (10) 

Number of clusters is X 

 

//Setting no of clusters 

Check the demand of each cities 

Total demand=sum of demand of all cities 

X =(Total demand / C) + 1 

 

//Create city lists  

Set starting city as depot 

While all the cities are counted 

And if next city=! depot 

Add each city to the city list  

 

//Create cluster cities 

Select x random cities as centers of clusters 

While citylist is empty 

Add cities to each cluster IDs of x 

 

//Redefine the centers to obtain lowest possible 

distance 

Get the cluster cities 

Calculate the centres of each clusters 

Until cluster centers are get fixed 

Redefine the new cluster centres by calculating the 

best middle 

Again list the cities to new cluster IDs of X 

Obtain the clusters with lowest possible distance to 

move on 

 

//Get current energy 

Current enegy=enrgy to visit the city list while 

satisfying the demands of cities 

While currentEnergy < Elite Energy 

Set Elite Energy=Current Energy 

Set Elite tour=tour of city list 

 

//Tabu Search 

Do this for defined no of times to create a solution 

pool 

Get the best tour from the solution pool  

Save as the elite  

Energy=energy of the fittest tour in solution pool 

 

//Maintain tabu list 

Remember lastly visited cities by the vehicle 

Check the next move 

If the move is tabu, cut them out in the search 

Else if possible untabu move, go for untabu move 

Update the tabu list 

Else if no any untabu move 

Apply Freeing strategy 

 

//Stopping criteria 

Check the number of solutions obtained  

    While number of solutions is equal to i 

    Add one more iteration 

} End loop start 

  Figure. 2.  ML-TS algorithm for EMVRP 

 

D. Phase 03 – Comparative study of  Generic 

TS Vs ML-TS 

The Generic TS and ML-TS was compared 

against each other in order to identify any 

significant improvement and is presented in 

Table 3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

A. Comparison of Generic TS Vs ML-TS 

Figure 3. Variation of elite energy with TS and ML-TS 

 

With the results obtained it is identified an 

Table 3. Energy Obtained With Generic Ts and Ml-Ts Ts 
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A-n32-k5.vrp 52065 3.2 28560 303 

A-n33-k5.vrp 51201 3 3 29789 306 

A-n33-k6.vrp 53890 3.3 29045 308 

A-n34-k5.vrp 54139 3.3 31284 308 

A-n36-k5.vrp 53189 3.6 32149 306 

A-n37-k5.vrp 54399 3.6 32798 306 

A-n37-k6.vrp 55193 3.5 33892 308 

A-n38-k5.vrp 51298 3.5 36782 12 

A-n39-k5.vrp 58104 3.6 35123 314 

A-n39-k6.vrp 56104 3.6 33290 329 

A-n44-k5.vrp 75120 3.6 34295 341 

A-n45-k6.vrp 87368 3.6 34890 328 

A-n45-k7.vrp 83190 3.7 37821 327 

A-n46-k7.vrp 83094 3.7 41294 329 

A-n48-k7.vrp 84201 3.7 43193 341 

A-n53-k7.vrp 81445 3.7 42159 338 

A-n54-k7.vrp 88412 3.7 45248 345 

A-n55-k9.vrp 86945 3.9 46193 342 

A-n60-k9.vrp 101405 3.9 46890 339 

A-n61-k9.vrp 105399 4.1 48923 346 

A-n62-k8.vrp 112901 4.0 52134 348 

A-n63-k9.vrp 121678 4.1 54389 351 

A-n63-

k10.vrp 

121328 4.2 51239 357 

A-n64-k9.vrp 126803 4.2 52489 359 

A-n65-k9.vrp 119045 4.2 54256 362 

A-n65-k9.vrp 119480 4.2 63295 363 

A-n69-k9.vrp 128357 4.3 66390 363 

A-n80-

k10.vrp 

126983 4.5 s 69578 368 
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improvement in elite energies obtained with two 

algorithms and also a increment in computational time as 

depicted in Figure 3 and Figure 4.  

   

 
Figure 4. Variation of computational time with TS and ML-TS 

 

Figure 5 represents the tradeoff between the 

computational time   increment and elite energy 

improvement with TS and ML-TS.  

 

 
Figure 5. Tradeoff between computational time increment and elite 

energy improvement with TS and ML-TS 

 

In order to identify that using ML has 

created a significant impact on the elite energy 

obtained, data obtained are tested using 

Freedman’s non-parametric test. Here the two 

hypothesis are built and confidence level is 

selected as 95% and are summarized in table IV. 
 

Table 4. Factors Considered In Comparison 

Null hypothesis 

H0 

Means of elite energy from Generic TS-

EMVRP and ML-TS-EMVRP are the same 

Alternative 
hypothesis H1 

Means of elite energy from Generic TS-
EMVRP and ML-TS-EMVRP are not the 

same. 

Significance  0.05 

Confidence 

level 

95% 

Reject criteria Reject null hypothesis if p-value <= 0.05 

 

Test statistics has been calculated and the 

results are depicted in Table V. Through the test 

statistics obtained p value is 0.000 which is less 

than the significance level, P value obtained = 

0.000 < 0.05. According to the statistic, null 

hypothesis is rejected, Ho, “Means of elite 

energy from Generic TS-EMVRP and ML-TS-

EMVRP are the same” is rejected accepting the 

alternative hypothesis. Therefore, it concludes 

that “Means of elite energy from Generic TS-

EMVRP and ML-TS-EMVRP are not the 

same.” 
 

Table 5. Test Statistic Result 

 

 

 

 

 

 

 

 

 

 

 

 

 

Post hoc analysis is necessary in order to 

analyze which algorithm generate means of 

lowest elite energy. Post hoc analysis is 

necessary in order to analysis which algorithm 

generate means of lowest elite energy and the 

results of box plot is represented in Figure 6. 

Post of analysis clearly shows that there is a 

significant variance in means of elite energies 

obtained with Generic TS algorithm and ML-TS 

algorithm. ML-TS shows greater reduction in 

mean in elite energies and is best suit for 

EMVRP.  
 

 
Figure 6. Box plot for mean comparison 

 

5. Conclusion 

Application of metaheuristic is a new research 

domain especially for the problem of EMVRP. 

According to the authors’ knowledge there is 

only one significant study done on development 

of metaheuristic based on GA on EMVRP and 

tuning of parameters of the problem to arrive at 

practically satisfactory solutions for non-
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polynomial problems. There are no studies 

reported on the development of TS based 

metaheuristic for the EMVRP and use of 

machine learning to guide the local search in 

formulating EMVRP. 

This study yields a new TS- based algorithm 

for EMVRP and the solutions is further 

augmented with K-means clustering based 

machine learning algorithm which results in 

higher solution quality. The results clearly show 

that augmenting ML has significantly impact on 

the performance of metaheuristic on formulating 

EMVRP. The study proves the fact that 

augmentation with ML results in a significant 

increment in solution quality while the time 

taken to arrive at solution also increased. The 

study will open future research directions on 

using of metaheuristics in the domain of 

EMVRP and use of ML to enhance performance 

of the metaheuristics, which will eye open new 

research domain. 
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Abstract 

The frequency of the occurrence of natural 

disasters at present has increased due to changes in 

global and regional climate. Hence, being able to 

forecast natural disasters has shown to be extremely 

useful in mitigating the loss of damages to the 

mankind. In this study, a hybrid model is developed 

for predicting the occurrence of floods in the North 

Central Province of Sri Lanka, using machine-

learning techniques with artificial neural networks. 

The hybrid model developed combines two sub 

predictive models. First model predicts the future 

weather-related measurements using time series 

modeling. The second model, which is a binary 

classification machine-learning algorithm, predicts 

the probability of the occurrence of flood incidences 

in a future month using the forecasted weather 

values and historical flood data. The results show 

that all probabilities predicted by the hybrid model 

are a 91.7% match to the actual flood occurrences. 

Hence, this model could be adopted to predict flood 

occurrences of any region in Sri Lanka using 

historical weather and flood related data of the 

region of interest. The predictive model developed 

has been published as an Application Programmable 

Interface on Microsoft Azure cloud, illustrating the 

practical usage and feasibility of machine learning 

techniques in developing modern intelligent 

applications. 

Keywords: Time Series Modelling, Binary 

Classification Machine-Learning Algorithm, Predict 

Flood Occurrences in Sri Lanka. 

1. Introduction 

Natural disasters such as floods, Tsunamis, 

drought, epidemic diseases, create major 

environmental economic and political issues, 

while causing great danger to human lives in Sri 

Lanka. Floods in Sri Lanka occur mainly during 

the monsoon season in which major floods in 

North Central province usually occur during the 

Northeast monsoons (December to February).  

Since preventing a natural disaster is not a 

practical task, predicting them has become 

extremely helpful for the policy makers and 

authorities to alert the public and take necessary 

precautions to avoid them.  

In recent years, nonlinear modelling 

capability of Artificial Neural networks (ANNs) 

has become widely used in developing nonlinear 

predictive models for weather analysis [1]. 

ANNs, which is a subset of machine learning 

(past experience is used to optimize a 

performance criterion) [2], is a method that is 

inspired by the structure and functional 

characteristics of biological neural networks. 

ANNs are used in prediction, clustering, and 

classification (categorize observations). ANNs 

contain three main interconnected components: 

input neurons, output neurons and hidden 

neurons. Hidden neurons are the elements in 

between input and output neuron layers. The 

main feature of neural networks is the iterative 

learning process in which training data cases are 

presented to the network one at a time while 

adjusting the weights associated with the input 

values.  After all cases are presented, the 

process often starts over again. During the 

learning stage, the network learns to predict the 

correct output label of training samples by 

adjusting the weights. A training dataset in 

machine learning is a set of data used to identify 

potential relationships between data. A test set is 

the set of data used to assess the effectiveness of 

a predictive relationship [3, 4].    

ARIMA model is a statistical model that can 

be applied for the analysis of time series data. It 

is a generalisation of an autoregressive moving 

average model that is used to predict future 

points in a time series. 

In this paper, a computational model using 

ANNs is developed to predict the probability of 

the flood incidents occur in the North Central 

Province of Sri Lanka by investigating the 
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underlying mechanisms of the flood 

occurrences. The ANNs in this study have been 

trained with Levenberg-Marquardt 

backpropagation algorithm, which is specially 

designed to solve non-linear least square 

complications [2].  In addition, ARIMA 

techniques used in the studies where the 

predictive models are developed are adopted to 

perform the time series predictions [5].  
The forecasting models are developed in 

Microsoft Azure Machine Learning Studio, a 
cloud based machine-learning toolkit, which 
enabled to analyze and process a large volume of 
data efficiently [6]. 

 

2. Literature Review 

Meteorological forecasting by means of 

numerical models dates back to the early 19th 

century when a mathematical approach for 

forecasting was proposed by Abbe [7] in the 

paper, “The physical basis on long range 

weather forecasting”. However, the numerical 

forecasting is not so accurate since the scientists 

lack the knowledge in simplifying complex 

atmospheric dynamics (occur due to variations 

of weather) into simple mathematical equations. 

Since then the nonlinear characteristics of 

weather data have kindled the interest in 

scientists to use nonlinear prediction 

mechanisms for both weather and disaster 

forecasting.  

 

A. Machine learning models for weather and 

disaster prediction 

With the evolution of computers, 

developing computational models for the 

purpose of weather forecasting became more 

accurate. In the paper on the origins of computer 

weather prediction and climate modeling, Lynch 

was able to show this by describing the 

evaluation of computer weather prediction and 

the methodologies used in the particular domain. 

He further describes the problems that are 

prevailing in the numerical weather prediction 

such as unavailability of linear simplified 

mathematical equations for weather and climate 

related parameters [8].  

The study on “Weather forecasting model 

using Artificial Neural Networks” is carried out 

to determine the applicability of ANN approach 

for developing nonlinear predictive models in 

weather forecasting [1].  The advantages of 

having ANNs for weather forecasting over other 

forecasting methods are emphasized in this 

study. Since ANNs minimize the errors using 

various algorithms, the performance is improved 

in contrast to other models in the weather 

prediction domain. The tool used to carry out 

the analysis is Neural Network Fitting Tool, 

nntool available in MATLAB software. 

Artificial Feed-Forward Neural Network with 

back-propagation principles is selected as the 

training element.  

 

B. Time series predictions for weather 

forecasting 

Autoregressive Integrated Moving Average 

(ARIMA) techniques have been used to predict 

the behavioural pattern of weather attributes 

such as rainfall in the literature [5, 9, 10]. 

ARIMA is a statistical technique for modeling 

time series data [4]. To maximize the prediction 

accuracy of ARIMA models, model selection is 

performed over a time series in an automated 

fashion [5]. 

The numerous weather and disaster 

prediction studies provide an extensive base of 

information and approaches to the problem. 

These studies cover a wide spectrum of 

computational efforts from traditional statistical 

approaches such as the numerical weather 

prediction modeling, to machine learning and 

data mining methodologies [7, 8, 11].  

In our study on building a model for 

predicting floods in North Central province of 

Sri Lanka using machine learning and data 

mining methods, artificial neural networks are 

used to adopt the non-linearity in predictive 

models. ARIMA models are adopted to perform 

the time series predictions within the model.  
 

3. Methodology 

A. Data Collection 

Weather related historical data (January 

1976 to December 2015) of Anuradhapura 

district in the North Central Province of Sri 

Lanka including monthly average rainfall data 

(mm), monthly average minimum and 

maximum temperature data ( ) have been 

collected from the Department of Meteorology 

of Sri Lanka (Table 1) [12]. Flood related 

historical data of the North Central Province of 

Sri Lanka is extracted from DesInventar – 

Disaster Information Management System of Sri 

Lanka [13]. The data includes 51 flood type 

disaster records from January 1976 to December 

2015. 
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  Table1. Statistical summary of the historical weather data 

obtained from the department of meteorology, Sri Lanka. 

 

All data are converted into a monthly 

attribute and the missing values are substituted 

by the attribute’s mean (average) of the specific 

field since it is independent of the sample mean 

[14].  

 

B. Predictive modeling 

In order to build the flood type disaster 

prediction model, two sub predictive models are 

developed in the study. While the first model 

involves predicting future values of the weather 

attributes (average monthly rainfall, average 

monthly maximum and minimum temperatures), 

the second model involves forecasting the flood 

type disaster incidents based on the input 

weather parameters. The output values of the 

first predictive component have been used as the 

input variables of the second predictive 

component.  

The future weather attributes, which are the 

output of the first component of the flood 

prediction model, are forecasted using the 

ARIMA model. By defining historical data as a 

continuous time series, monthly weather data 

over a span of 39 years (January 1976 to 

December 2015) have been used as input 

variables in this component of the model. The 

values of weather attributes have been 

forecasted for the period of one year from 

January 2015 to December 2015. These 

predicted values are then compared to the actual 

weather data from January 2015 to December 

2015 to evaluate the accuracy and the reliability 

of the developed time series model. 

The model that predicts the probability of 

flood incidents is developed as the second 

component of the hybrid model. It is identified 

as a binary classification machine-learning 

problem, where the instances are classified into 

two classes [2].  

 

The forecasted weather values are utilized 

as input data of this component of the model. 

The input data parameters are normalized to 

values between 0-1, using minmax 

normalization [15]. The output of the model is 

calculated as a probability, where the values 

approximate to 1 denoting a positive flood type 

disaster occurrence and 0, a negative (no) flood 

type disaster occurrence in the specific month to 

the future. The data flow diagram of the 

complete predictive model is shown in figure 1.   

 
Figure 1: Data flow diagram of the complete predictive model 

 

A binary classifier built with a neural 

network having a learning rate of 0.70, two 

hidden neurons and one hidden layer is chosen 

to build the predictive experiment. The optimal 

learning rate and the number of iterations are 

chosen using the ‘Tune Model 

Hyperparameters’ module in Azure Machine 

Learning Studio [16]. This model uses different 

combinations of settings of the neural network 

in order to determine the optimum 

hyperparameters (parameters whose values are 

set prior to the commencement of the learning 

process) for the given prediction task and data 

[16]. The learning rate is a systematic approach 

to generalize the model when a large amount of 

training data is used. The classification model 

using the training dataset is cross-validated for 

reliability by dividing the dataset into 10 folds 

and calculating the classification accuracy for 

each fold [14].     
 

3. Results 

A. Output of the 1st predictive model 

The predicted output values of rainfall, 

minimum temperature and maximum 

temperature of year 2015, show a slight 

deviation between the predicted and the actual 

values (Table 2, Figure 2,3,4). However, it is 

interesting to notice that both forecasted and 

actual values of all attributes follow the same 

distribution pattern (Figure 2,3,4). 

 Weather Attributes 

Rainfall Minimum 

Temperature 

Maximum 

Temperature 

Number of 
records 

480 480 480 

Mean 111.71mm 23.80  32.73  

Median 73.25mm 24.10  33.05  

Minimum 
Value 

0mm 18.80  28.30  

Maximum 

Value 

683.9mm 26.10  37.50  

Standard 
Deviation 

120.78 1.38 1.80 

Number of 
Unique 

Values 

399 89 100 
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The forecasted accuracy measures 

comparing predicted values to the observed 

values are obtained via calculating the root 

mean square error (RMSE) of each predicted 

attribute. The RMSE values of forecasted 

rainfall, minimum and maximum temperatures 

(115.58, 0.42 and 0.56) show a relatively high 

error rate compared to the forecasted minimum 

and maximum temperature values. 
 

Table2. The actual values of the weather attributes in 2015 
vs the predicted output of the first predictive model. 

   M
o

n
th

 

Weather Attribute 

Rainfall Minimum 

Temperature 

Maximum 

Temperature 

Actual Predict

ed 

Act

ual 

Predict

ed 

Actu

al 

Predic

ted 

1 15.8 189.79 22.1 21.71 29.7 30.59 

2 161.1 154.29 23 22.37 31.3 31.94 

3 
26 119.20 23.9 23.45 33.6 34.58 

4 
288.2 206.53 25 24.40 34 34.21 

5 
264.7 65.46 25.9 25.44 33.4 33.91 

6 10.1 26.42 25.5 25.47 33.9 34.00 

7 
0 32.47 25.3 25.055 34.1 33.99 

8 180.2 54.85 25.1 24.98 34.2 34.20 

9 
147.1 81.70 24.8 24.80 33.5 34.57 

10 388.6 257.33 24.6 23.99 32.8 33.11 

11 
452.4 263.20 23.8 23.26 31.6 31.41 

12 
286.4 262.17 23 22.82 29.8 29.90 

 

 

 
Figure 2: Deviation of actual rainfall data and predicted rainfall 

values for the year 2015 

 

 
Figure 3: Deviation of actual minimum temperature data and 

predicted minimum temperature values for the year 2015 

 

 

 
Figure 4: Deviation of actual maximum temperature data and 

predicted maximum temperature values for the Year 2015 

 

 

B. Output of the 2nd predictive model 

The classification model with 2 hidden 

neurons and 0.70 learning rate, shows that the 

model predicts the occurrence of floods with a 

mean accuracy of 0.917 and a 0.044 standard 

deviation (Table 3).  

 
Table3. 10-fold cross validation output of the binary classification 

model. 

Fold 

Number 

Accuracy Precision Recall AUC 

0 0.854 1.000 0.364 0.958 

1 0.917 0.500 0.250 0.747 

2 0.875 0.800 0.444 0.923 

3 0.958 1.000 0.714 0.951 

4 0.958 1.000 0.600 0.944 

5 0.979 0.500 1.000 0.979 

6 0.917 0.000 0.000 0.815 

7 0.917 0.333 0.333 0.911 

8 0.938 0.500 0.333 0.889 

9 0.854 0.000 0.000 0.948 

Mean 0.917 0.563 0.404 0.907 

Standard 
Deviation 

0.044 0.384 0.308 0.073 

 

The receiver operating characteristic (ROC) 

curve plotted between true positive rate and 

false positive rate (Figure 5) for this two-class 

classification problem is used to evaluate the 

accuracy of classification of the flood type 

disaster prediction model (In a ROC curve the 

true positive rate is plotted in relation to the 

false positive rate for different cut-off points of 

a parameter).  



Thilakarathne & Premachandra 

 

 

 

SLAAI - International Conference on Artificial Intelligence             University of Moratuwa, Sri Lanka                     31st October 2017  

48 

 
Figure 5: ROC curve of the flood type disaster prediction model 

 

The predictions are yielded to a point in the 

upper left-hand corner of the ROC space 

denoting a high probability of a true positive 

output. The (0,1) point is called a ‘perfect 

classification’, where no false positive or false 

negative outputs are predicted using the model.  

The true positive rate defines the number of 

correct positive results among all positive 

samples available during the test. False positive 

rate, on the other hand, defines the number of 

incorrect positive results among all negative 

samples available during the experiment [17]. 

The area under the curve (AUC) is 0.915 square 

units, showing that the probability of a 

randomly chosen positive instance is higher than 

a randomly chosen negative one. 

A web application programmable interface 

(API) is implemented using the flood predictive 

model in order to obtain the predicted values of 

flood incidents in the North Central Province of 

Sri Lanka (https://goo.gl/faICPD).  
 

4. Discussion 

Natural disasters cause significant damages to 

the environment while causing a threat to human 

lives. The ability to predict disasters prior to 

occurring helps minimize the damages caused. 

This study proposes a predictive model with two 

sub predictive models that forecasts floods using 

historical weather and flood data. ANNs and 

statistical concepts of time series forecasting are 

utilized to develop the model. 

RMSE values of time series predictions of 

weather data (average rainfall, average 

minimum temperature, and average maximum 

temperature) obtained from the first predictive 

model are 115.58, 0.42, and 0.56 respectively. 

Average minimum and maximum temperature 

values show very low RMSE values depicting a 

very small deviation between the forecasted and 

actual values. However, high RMSE value of 

average rainfall data shows a large deviation 

between the forecasted and actual values. High 

RMSE of predicted rainfall may have occurred 

due to outliers. These outliers could be due to 

the rain gauge measurement errors of the ground 

meteorology stations where the data is collected. 

In addition, sudden weather changes such as 

thunderstorms and hurricanes could have caused 

outliers in monthly average rainfall data. 

However, removing outliers from the training 

dataset could reduce RMSE values and hence, 

could obtain a better-forecasted output and a 

reliable predictive model.  

Limiting the number of hidden neurons to 

two neurons in the second sub predictive model 

minimizes the probability of overfitting.  

Overfitting occurs when the model becomes an 

exact fit to the training dataset. This makes the 

model less generalised and leads to poor 

performance on new data [2].  

The results of the predicted model indicate 

that the forecasted occurrence of flood incidents 

accurately corresponds to the testing dataset 

(Table 3). The binary classification that has 

been adopted for the model uses 0.5 as its 

threshold giving the optimal AUC. 

Increasing the number of input parameters 

of the neural network increases the accuracy and 

the reliability of the predictions [1]. Hence, the 

model could be more reliable if weather data 

such as relative humidity, atmospheric pressure, 

wind speed and solar radiation are taken into 

consideration.  

 
5. Conclusions 

Being able to predict natural disasters has 

become an extremely important task to the 

policy makers and authorities since they cause 

significant damage to the environment and 

human lives. In this paper, a computational 

model using machine learning techniques with 

ANNs has been proposed to predict the 

occurrence of flood incidents in a particular 

month in the North Central Province of Sri 

Lanka. 

This predictive model is built as a 

combination of two separate forecasting models. 

The first model forecasts the future values of 

weather attributes using time series forecasting 

methods (ARIMA). The second model predicts 

the probability of flood occurrences in a 
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particular month as a two-class classification 

machine-learning task.  

The results of the predictive model show 

that it performs with a 91.7% accuracy, proving 

that this model can be used to predict the 

occurrence of flood incidents in any region in 

Sri Lanka using the historical data on weather 

and floods of the region of interest.  

This study also proves that machine-

learning models interconnected with data 

mining approaches are capable of performing 

environmental predictions based on historical 

data.   
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Abstract 

The modern industries are compelled to become 

more competitive for providing the quality product at 

a minimum cost. In particular, companies have to 

analyze the efficiency of their logistic operations and 

need to adopt a holistic view of the entire supply 

chain network. The network design optimization 

attempt to optimize the flows of goods traverse 

among the main entities of the supply chain, not 

limited to the suppliers, warehouses, distribution 

centers, retailers and customers. In this study, 

Network Optimization (NO) will be carried from the 

perspective of the Retail Supply Chain (RSC) and 

study proposes a Genetic Algorithm (GA) for 

optimizing a novel mathematical model of the retail 

SCND. Most of the real world scenarios involve 

multi-source, multi-stage and multi-product with 

large instances. Therefore, the developed GA is more 

beneficial for real world scenarios strategic 

decisions such as location and allocation decisions 

and also to perform powerful ‘what if’ analyses. The 

authors have elaborated the GA with numerical 

examples and compared the results. The outcome of 

the study proposes the GA approach to reduce the 

distribution network design cost and the most 

appropriate number of facilities to minimize total 

supply chain costs to match the organization’s 

service goals. 

Keywords: Genetic Algorithm (GA), Mixed Integer 

Linear Programming (MILP), Network Optimization 

(NO), Retail Distribution, Supply Chain Network 

Design (SCND), Supply Chain Performance 

1. Introduction 

A world-class transformational supply chain 

begins with a network that employs an all-

encompassing view of the various business 

areas that manage the delivery of products to 

customers. The result is significant capital, 

operational, and tax savings while achieving 

optimal customer satisfaction. The result is 

significant capital, operational, and tax savings 

while achieving optimal customer satisfaction.  

As customer service requirements become 

more complex, supply chain optimization 

studies have become the foundation for some of 

the most successful companies’ logistics and 

fulfillment operations. Thus, world-class 

organizations now realize that non-integrated 

manufacturing processes, non-integrated 

distribution processes and poor relationships 

with suppliers and customers are inadequate for 

their success [4]. The network design problem is 

one of the most comprehensive strategic 

decision problems that need to be addressed for 

a long-term efficient operation of the entire 

supply chain. The SCND provides an optimal 

platform for efficient and effective supply chain 

management [8] and also determines the 

number, location, capacity and type of plants, 

warehouses and DCs to be used [2].  

Due to the complexity of Location Routing 

Problem (LRP), the exact methods have been 

used for solving small sized instances, and only 

for two-index formulations [6]. Three-index 

formulations, a more versatile but more 

complex, have not been solved optimally. 

Therefore, multi-stage formulation is realistic as 

well as a timely research which has a significant 

practical importance. Many of studies have 

focused only a two-stage supply chain network 

design with multi-product and/or multi-source 

scenarios. Therefore, in this study, authors 

consider the multiproduct, multi-source, multi-

stage nature of the SCND. The multi-stage 

formulation has more advantages as opposed to 

the single SCND formulation. Furthermore, the 

proposed GA considered six stages on SCND 

and the Network Optimization (NO) will be 

carried from the perspective of Retail Supply 

Chains (RSC) and study proposes a Genetic 

Algorithm (GA) for optimizing the MILP. Most 

of the real world problems deal with large 

instances consisting multi-source, multi-stage 

and multi-products. Therefore, the developed 

model is more beneficial for real world strategic 
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decision making such as location and allocation 

decisions. The authors have developed the new 

GA to optimize the retail SCND and has 

validated the solutions with the CPLEX 

optimization, which was developed by [15].  
 

2. Literature Review on SCND 
Optimization 

The authors report a rigorous literature survey 

with the approaches gaps and applicability of 

existing literature related to the network design 

optimization of supply chain network. The 

review process is carried out by extending the 

published review literature from [12] and [10], 

which consists articles up to 2016. 

Network design is the basis for the efficient 

operation of the supply chain and consequently 

one of the most important problems a supply 

chain manager is called to solve. During the past 

decades, there have been some interesting 

studies in the literature concerning the network 

design problem [12]. Review of the SCND 

problems are depicted in Table 1 with 

application areas and solving techniques. 

As the review, most of the studies are in 

related to the production-distribution planning. 

A few of the studies focused with on the 

distribution network planning. The authors have 

reviewed the literature across the production-

distribution and distribution network planning 

studies to enhance the understanding of problem 

formulation and applicability of the proposed 

model. There are two studies, which have 

concerned about supply chain network design 

optimization. One of the studies have solved by 

using empirical test cases, whereas the other one 

has solved by using CPLEX. The CPLEX 

approach cannot be used for large instances and 

only one study has used GA with a single source 

approach. Therefore, there is an open research 

area for the SCND optimization with GA for 

multi-source and multi products context.  

 
 

Table 1. Summary Of The Literature Review 

Study Application Area Solving Technique 

[19] Production- distribution, Facility location-allocation Heuristic procedure with the aid of Lagrangian relaxation 

[23] SCND optimization, production-distribution planning Lagrangian heuristic and GA 

[1] Capacitated location-allocation MILP and Spanning tree based genetic algorithm (GA) 

[22] production–distribution model with consideration bills of 
materials (BOM) 

MILP problem solved using LINDO 

[24] Production-distribution Heuristics 

[25] Facility location-allocation problem Non-linear integer program and propose a Lagrangian-
relaxation solution algorithm 

[2] Facility location-allocation problem Non-linear integer program and propose a GA 

[3] Production-distribution planning MILP and heuristics 

[13] Transportation planning Non-linear integer program and propose a spanning tree-
based GA 

[9] design task involves the choice of facilities (plants and 
distribution centers (DCs)) to be opened and the distribution 
network design to satisfy the customer demand 

GA and result compared with CPLEX, Lagrangian 
heuristic, hybrid genetic and simulated annealing 
algorithms 

[16] Facility location Non-dominated sorting algorithm (NSGA II) 

[18] 

Distribution network planning MIP and heuristics 
[20] Distribution allocation A mathematical model is formulated as an integer-

programming and the model is solved using GA-based 
heuristic 

[17] Production-distribution MILP and particle swarm optimization heuristic algorithm 
[10] Production-distribution planning Heuristics based on Tabu Search (TS) 

[14] Supply chain network design optimization Empirical test cases 

[15] Supply chain network design optimization Simulation and optimization based approach. Optimization 
has performed with CPLEX 
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3. Formulation of the GA 

The Genetic Algorithm (GAs) using the 

Darwinian concept was first introduced by 

Holland (1975). GA is useful when a large 

search space with little knowledge of the 

solution is presented, and has been successful in 

providing near optimal solution for many 

diverse and difficult problems [10]. Overall GA 

procedure is depicted in Figure 1. 
 

 
 

Figure1. Overall GA Procedure 

 

A. Chromosome Representation 

Literature suggests to use the flexible multi 

logistics network (fMLN) with vertex based 

encoding GA solution to find the best route for 

delivering the product to each customer when 

the network is single source [11]. In our 

approach to depict the multi product, multi-

source SCND nature. The chromosome is 

represented as an edge based. The formulation 

has a SCND with six different delivery routes 

along with multiple products as supplier to 

warehouse, warehouse to DC, DC to retailer, 

supplier to DC, supplier to retailer and 

warehouse to retailer. Therefore, the length of 

every chromosome is equal to:  
 

   (1) 

 

Where; 

X: Number of Products 

I: Number of Suppliers 

J: Number of Warehouses 

K: Number of DCs 

L: Number of Retailers 

 

There are six different types of decision 

variables as 

 and 

they are depended on the number of suppliers, 

warehouses, DCs, retailers, and products. Every 

gene represents the product amount shipped 

between different facilities. Figure 2 is depicted 

the proposed chromosome representation to 

solve the multi-product, multi-source SCND 

problem. 
 

 
 

Figure 2. Chromosome Representation 

 
B. Initialization 

A random chromosome generation has been 

implemented to generate the initial population 

and the fitness of each chromosome is equal to 

the corresponding SCND cost, which is obtained 

by multiplying shipping quantity, unit shipping 

cost and distance. The first generated population 

is improved by applying crossover and mutation 

genetic operators. 

The value for each gene is generated 

randomly within a defined and specific range. In 

this study, this specific range is defined by 

generating random value in between 0 and upper 

limit value. This upper limit value is defined by 

considering retailers demand values. Because, 

each SCND should be satisfied the retailer’s 

demand.  

The fitness of each chromosome equal to 

the corresponding SCND cost. Developed GA 

fitness function calculation is based on the 

model developed by [14] where the total supply 

chain network design cost is minimized. The 

overview of the proposed GA is depicted in 

Figure 3.  

 
C. Genetic Operators 

In order to enhance the ability of producing 

new solutions, this study is employed the cross 

over and mutation operators. Due to the 

different natures of the different products in the 

chromosome, crossover and mutation operations 

are performed in separately with each product. 
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Figure3. Proposed GA 

1) Crossover  

This operator allows genetic material to be 

exchanged between two chromosomes with the 

aim of exploring new solution spaces [5]. Cross 

over operates on two parent chromosomes at a 

time. 

It generates offspring by adding both 

chromosomes’ features. A sample illustration of 

cross over operator is depicted in Figure 4, 

Figure 5 and this sample is illustrated for one 

supplier, one warehouse, one DC and one 

retailer for multi-product. 

Step 1: generate a random split point from 

each product to cross over. (Figure 4) 

 
Figure 4. Step 1 Overview 

 

Step 2: Exchange substrings between 

parents and generate new offspring. (Figure 5) 

 
Figure5. Step 2 Overview 

 

1) Mutation 

This operator produces spontaneous random 

changes in one or more chromosomes of a 

population generation selected on a fitness basis

 [5]. In the proposed GA, a gene swapping 

mutation operator is executed. It randomly 

selects two genes from each product within a 

chromosome and exchange their positions each 

other. A sample illustration of mutation operator 

is depicted in Figure 6. 
 

 
Figure 6. Mutation Overview 

 

In this study, GA was developed to solve 

the SCND problem, which was formulated by 

[14], and performance comparison was carried 

through GA and CPLEX solution computed 

previously by the authors [15] lot of 

diversification in the solutions. Consequently, it 

is better to use an evolutionary algorithm like 

GA in this phase [7]. 
 

4. Discussions and Findings 

The proposed GA chromosome representation, 

initialization, crossover and mutation have been 

explained in previous section. The algorithms 

were coded in C#.Net language and the 

parameters have been tuned for the proposed 

GA. Results of the proposed GA is depicted in 

Table 2. 
 

A. Performance Comparison of Developed GA 

With an approximation method like GA, it 

is not ensured the optimum solution is found.  

Procedure:  

  Input:  
           

  Output:  
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Therefore, the solution obtained with the 

GA is compared with those obtained with 

CPLEX [15]. 

According to the results obtained in Table 2, 

it can be seen that as the number of generations 

increase, the solution quality enhances. From 

the GA, the minimum value is reached when the 

GA parameter of the generation size is fixed to 

five. In Figures 7 and 8 show this phenomenon.   
  

Figure 7. Performance comparison for first six sample problems 

 Table 1. GA solutions for sample problems 
Sample 

Problem 
Parameters tuning with varying size of the Generation size in the GA 

1 2 3 4 5 

01 13, 636, 420 13, 356, 785 13, 347, 360 13, 269, 780 13, 158, 690 

02 21, 436, 450 21, 342, 830 21, 198, 760 21, 136, 960 21, 065, 490 

03 35, 087, 960 34, 969, 520 34, 723, 695 34, 725, 875 34, 926, 650 

04 16, 526, 555 16, 465, 452 16, 136, 450 16, 136, 985 16, 236, 895 

05 20, 325, 645 20, 136, 540 20, 136, 525 19, 888, 995 19, 865, 750 

06 22, 236, 450 22, 036, 980 22, 036, 475 21, 936, 210 21, 723, 920 

07 17, 656, 980 17, 536, 565 17, 523, 325 17, 223, 680 17, 232, 640 

08 27, 269, 545 27, 220, 075 27, 034, 895 26, 958, 750 26, 932, 125 

09 49, 923, 695 49, 823, 680 49, 767, 855 49, 775, 660 49, 678, 930 

10 28, 136, 450 27, 936, 495 27, 648, 750 27, 769, 840 27, 469, 780 

11 34, 526, 985 34, 526, 970 34, 264, 450 33, 969, 785 33, 865, 210 

12 36, 598, 750 36, 572, 655 36, 498, 760 36, 149, 320 36, 126, 695 

 

 
Figure 8. Performance comparison for last six sample problems 

 

Since most of the real world scenarios are 

large cases, the model should be facilitated to 

reach optimal solution within a reasonable 

timeframe. To evaluate the accuracy, the authors 

have calculated a gap calculation between 

CPLEX and GA solutions for above 12 sample 

problems within 10 generations. Gap calculation 

are depicted in Table 3 and 4. It is facilitated to 

enhance the accuracy and fine function of the 

proposed model with GA.  
 

    
(2) 

                                                                                                     

This study has used the GA and CPLEX 

together for validation of the proposed approach 

using different scenarios and compared the 

outputs to demonstrate the quality of the 

performance [15]. By using the gap calculation, 

the authors concluded that the newly proposed 

GA is more suited for large-scale real world 

scenarios to optimize the SCND with minimum 

distribution cost.  
 

6. Conclusion 

In this study, initially a thorough systematic 

review has been carried out on SCND model 

approaches and problem formulations. 

Subsequently, the authors have considered the 

new MILP model for retail SCND by taking into 

account several factors such as transportation 

cost, capacity allocation and optimal facility 

location based on the study of [14]. The novelty 

of this study is carried out by considering 

distance from facility to facility with SCND and 

multi-echelon approach with new proposed GA. 

Therefore, the proposed GA is a new approach, 

which covers multi-product, multi-stage and 

multi-source scenarios together. 

The solutions obtained have been compared 

solution with CPLEX optimal solution, which 

was obtained by [15]. Finally, the proposed GA 

is a more suitable approach for solving the 

SCND real world scenarios.    

Furthermore, this study provides solutions 

for determining; the most profitable 

combination of supplier-warehouse-DC-retail 

mapping for product flows, locations of 

Distribution Centers (DCs) and, warehouses and 

locations for setting up new warehouse/DC, and 

capacities of DCs and warehouses. 
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Abstract 

Knowledge discovery in educational data would 

be so basic to determine better expectations on the 

undergraduates. Distinguishing proof of the 

components influence to the execution of 

undergraduates in light of various attributes will be 

supportive for instructors, educators and managers 

viewpoints. This paper endeavors to utilize different 

data mining ways to deal with find forecast manages 

in undergraduates’ data to distinguish the 

components influence to the scholarly 

accomplishment in their tertiary education. The 

approach of this exploration observed the aftereffects 

of three mining algorithms with about 3800 

undergraduates’ records and the calculation which 

demonstrated the most elevated exactness has chosen 

as the best model and the connections acquired 

through that were gotten to foresee various elements 

against the objective of whether they will get the 

degree or not following three years of the university 

life. Naïve Bayes, Decision Tree and Support Vector 

Machine were used in predicting the most affecting 

factors to the performance of students. According to 

the prediction accuracy levels, the results of 

Decision Tree were selected since it outperforms the 

rest for the selected data set. Finally, the results were 

evaluated using a correlation analysis to select the 

most prominent factor. According to the test, the age, 

past failure modules, performance of past semesters 

were selected as the most influencing factors to the 

success or failure of the students in tertiary 

education system in Sri Lanka.  

Keywords:  Educational Data Mining, Algorithms, 

Knowledge Discovery, Feature Extraction, 

Validation 

1. Introduction 

Education is a key zone for accomplishing a 

long haul financial advance. Amid the most 

recent decades, innovative education in Sri 

Lankan tertiary education framework has 

enhanced with the blossom of mechanical 

establishments, which drives the undergraduates 

towards the degree level. In Sri Lanka, the 

tertiary education is proving by both state 

universities and degree awarding institutes. The 

University Grant Commission (UGC) was 

established to allocate funds to the universities 

and university institutes, serves as the central 

admission agency for undergraduate studies in 

universities, planning and monitoring of 

academic activities of the university system in 

order to maintain academic standards and 

implement national policies with respect to 

university education in Sri Lanka. The UGC 

selects students for admission to undergraduate 

courses based on the z-score [1]. The degree 

awarding institutes are recruiting students based 

on the performance of the selection test that they 

conduct and never worried about z-score. 

However, the majority of the students who 

enroll to institutes for their degree are having 

the pass mark to the Advanced Level 

examination, which is the minimum criteria for 

the university education.  However, the statistics 

grabbed from institutes have proven that, only 

few students are completing the degree due to 

various reasons.  

Data Mining (DM) / Business Intelligence 

(BI) which are very interesting methods used to 

predict what are the main reasons for student’ 

failures?, what are the factors which affect 

mostly to the success of academic activities? 

and many more. Educational Data Mining 

(EDM) is a creating region of data mining, 

which the use of data mining strategies to a 

particular kind of data that chose from 

educational airs to address vital educational 

inquiries. There is a boundless uses of EDM to 

examine the conduct of data gathered from 

infant education, primary education, secondary 

education, higher education, auxiliary training, 

advanced education and option instruction have 

a place with conventional training conditions. 

Computer based educational condition 

incorporates Learning Management Systems 

(LMS), Intelligent Tutoring Systems (ITS), test 

and quiz frameworks, recreations and wikis 

discussions which use for e-learning and e-
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mentoring, online guideline frameworks and so 

forth. [2].  

Predicting the factors, which affect to 

student performance, is very important for 

educators, educational decision makers and even 

for students. It would be a great benefit to 

educators and course designers to identify the 

characteristics of the students who have to be 

enrolled to the degree program if, a quality 

educational outcome is expecting. Students also 

be able to get away from the negative criteria to 

reach to the maximum level of their education 

by these predicted outputs.  

This research study is focusing to identify 

the factors, which affect to student performance 

in their tertiary education. The paper is 

organized as follows. First, discusses the 

background of EDM. Then, the materials and 

methods used to mine educational data to 

prediction are described. Then, the results of the 

analysis is discussed. 
  

2. Background 

Knowledge discovery and data mining can be 

thought of as apparatuses for basic leadership 

and authoritative adequacy. It has its root in 

machine learning, computerized reasoning, 

software engineering, and measurements. There 

are different data mining strategies and 

methodologies, for example, classification, 

cluster and association [3]. Each of these 

methodologies can be utilized to quantitatively 

examine huge data sets to discover shrouded 

significance and examples. While data mining 

has been connected in an assortment of 

enterprises, government, military, retail, 

banking, telecommunication and healthcare 

services, data mining has not gotten much 

consideration in educational setting. Educational 

data mining is a field of concentrate that 

examinations and applies data mining to take 

care of educational related issues.  

Educational data mining characterized 

scholastic examination as the utilization of 

factual methods and data mining in ways that 

assistance workforce and guides turn out to be 

more proactive in recognizing at-risk students 

and comparing in like manner. It would fairly 

supportive in enhancing understudy 

maintenance, advancement of recommender 

framework, overseeing new courses and so 

forth. Data mining focuses on identifying the 

useful insights of improving student success and 

processes directly related to student learning, 

build the patterns of student behaviour, assist 

faculty members of institutes to enhance 

learning and supporting educational processors 

[4].   

In effect, several studies were conducted in 

similar area of predicting students’ performance. 

Students’ grades were predicted by feed forward 

neural networks and back propagation 

algorithms [5]. Feature examination from 

logged data in a web-based system has applied 

by another study for the prediction, monitoring 

and evaluation of students’ performance [6]. 

Prediction of university students’ satisfaction 

was another research that has been done using 

regression and decision tree algorithms [7]. 

Another set of researches were used Naïve 

Bayes algorithm to predict the performance of 

the students [8] and different rule based systems 

were used to predict the performance in an e-

learning environment [9].  Different regression 

techniques were used to predict students’ marks 

in an open university using locally weighed 

linear regression, linear regression, model trees, 

neural networks, and support vector machines 

and for predicting high school students’ 

likelihoods of success in university was another 

study conducted in educational data mining 

domain [10]. There was another study about a 

student performance recommender system, 

which was developed to provide 

recommendations to the students during the 

enrolment period using Decision tree, Naïve 

Bayes, Neural Networks and K-nearest neighbor 

algorithms [11].  

In this research, Naïve Bayes (NB), 

Decision Tree (DT) algorithm and Support 

Vector Machine (SVM) were used as mining 

approached to identify the most correlated 

factors with the final year performance. 
 

3. Materials and Methods 

A. Sample 

This study will consider the data collected 

by querying the students’ database of an 

institute, which offers Information Technology 

(IT) degree in three years. The dataset consists 

of 3794 instances with 10 attributes as shown in 

table 1. 
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Table 1. Description of Data Set 

 

Gender and age are the demographic facts 

and all the others are academic facts related to 

the selected sample. During the pre-processing 

stage, all discriminative values were identified.  

All missing values, incomplete values were 

handled using, median imputation algorithm. 

Case deletion has been done to simply, 

removing some tuples from the data set.  

Following histogram in Figure 1 describes 

the behaviour of our target variable. 

According to the above figure1, 65% of 

students have successfully completed their 

degree while the remaining 35% have failed to 

complete the degree.   

In prediction, the popular methods that are used 

by researches are classification, regression, and 

density estimation.  

 

Figure 1. Histogram for the students’ Pass/ Fail state 

 

B. Data Mining Algorithms 

Three classification type data mining 

methods were applied in this study. They are; 

i) Naïve Bayes algorithm  

ii) C5.0 Decision Tree algorithm 

iii) Support Vector Machine algorithm 

Naïve Bayes algorithm is a classification 

method based on supervised learning approach. 

This Classification is named after Thomas 

Bayes based on his Bayes Theorem. Bayesian 

classification gives practical learning algorithms 

which prior knowledge and observed data can 

be consolidated. It gives a valuable point of 

view to comprehension and assessing many 

learning algorithms. Naive Bayes Algorithm is a 

quick, exceptionally versatile algorithm. It can 

be utilized for Binary and Multiclass 

classification. It gives distinctive sorts of Naive 

Bayes Algorithms like Gaussian Naïve Bayes, 

Multinomial Naïve Bayes and Bernoulli Naïve 

Bayes. It is a basic algorithm that relies upon 

doing a group of checks, which can be 

effectively, prepare on little data set. 

The enhanced C5.0 decision tree algorithm 

was selected to obtain a better analysis result to 

produce a smaller decision tree with less 

memory in less time with the support of 

boosting, weighting and winnowing.   

Support vector machine (SVM) is a 

supervised learning methods used for 

classification, regression and outlier detection 

tasks in data mining.  The analysis could be able 

to perform using Linear or Gaussian methods.  

 

C. Mining Environment 

The results of this experiment were gathered 

using R studio statistical software package, 

which runs on windows platform. R is a free and 

high-level matrix programming language with 

an intense tools for statistical and data analysis 

[12]. It consists of several helpful packages/ 

libraries to perform almost all mining tasks 

including Naïve Bayes C5.0 Decision Tree 

analysis and Support Vector Machine.  

The sex/ gender of the student has converted 

to a numerical value at the time of executing the 

algorithm and ‘1’ implies ‘male’ and ‘0’ implies 

‘female’.   

The data set has inputted to classification 

algorithms to categorize them. The input data 

set is comprising of vector values of attributes 

with equivalent classes. In the analysis, the data 

set has segregated into training sets and testing 

sets. Training dataset is to train the model and 

model learn from this. Testing data set is to 

measure how much the model has learnt using 

the train data.  
 

3. Experiment Results 

In the start of this investigation the impact of 

input attributes have been broken down in order 

to think of a better prediction result. For the 

identification of importance of every attribute, 

Attribute Details 

Sex Gender (binary: Male “M”, Female “F” 

Age Age (numeric: from 18 – 45) 

Failure Has past failure modules (binary: yes, no) 

S1 GPA of semester 1 (nuemeric: from 0-4) 

S2 GPA of semester 2 (nuemeric: from 0-4)  

S3 GPA of semester 3 (nuemeric: from 0-4) 

S4 GPA of semester 4 (nuemeric: from 0-4) 

S5 GPA of semester 5 (nuemeric: from 0-4) 

S6 GPA of semester 6 (nuemeric: from 0-4) 

IsPassDegree Is the student pass the degree (binary: yes, 
no) 
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Info Gain and Gain Ratio were tried utilizing R 

package. According to the results of impact test, 

the greater part of the attributes in the dataset as 

in table 1 were included to the further analysis. 

The results of the mining algorithms were 

assessed to think of a better classification 

model. For this assessment of classification 

accuracy, 5 fold cross validation technique has 

been utilized. The cross validation has repeated 

several times and in every time utilize one sub 

set as a test set. Under the cross validation; 

prediction accuracy, Kappa statistics, Precision, 

Recall and F-measure could be recorded. The 

performance of the selected algorithms were 

measured as shown in table 2.  
 

Table 2. Performance of classification methods 

 

As per the above outcomes shown in table 

2, it was watched that all the classification 

algorithms delivered moderately great 

outcomes, which were more like each other. 

However, the highest result is obtained by 

Decision Tree classification.  
 

 

 

 

 
Figure 2. Decision Tree for fail modules and pass/fail 

status 

 

 
         Figure 3. Decision Tree for age, sex and pass/fail status 

 

 
Figure 4. Decision Tree for semester 1, semester 2 performance 

and pass/fail status 

 

 
Figure 5. Decision Tree for semester 3, semester 4 performance 

and pass/fail status 

 

 

 

 
 

Figure 6. Decision Tree for semester 5, semester 6 performance 

and pass/fail status 

 

Criteria Algorithm 

Naïve 

Bayes 

Decision 

Tree (C5.0) 

Support 

Vector 

Machine 

Correctly 

classified 

instances 

1153 1220 1149 

Incorrectly 

classified 

instances 

111 44 115 

Prediction 

Accuracy 

92.17% 97.1% 92.05% 

Kappa Statistic 81.91% 93.57% 80.58% 

Precision 89.403% 94.85% 89.24% 

Recall 99.75% 98.71% 98.86% 

F-Measure 87.5% 95.79% 86.95% 
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According to the Decision Tree generated 

by R package, following interesting rules could 

be extracted.  

Figure 7. Decision Tree Rules 

 
The relationships discovered by the decision 

tree algorithms were evaluated using correlation 
analysis. The results of the correlation analysis 
was shown in table 3. 

According to the results shown in above 
table, failure modules and pass/ fail status are 
significantly correlated with a correlation 
coefficient of -0.15 and p-value of 2.2e-16 which 
consists of a negative relationship among the 
variables. 

Table 3. Results of Correlation Analysis 

 

Age of the students and pass/ fail status of 
them are significantly correlated with a 
correlation coefficient of -0.12 and p-value of 
1.82e-13 16 which consists of a negative 
relationship among the variables. 

GPA of semester 1 and pass/ fail status of 
them are significantly correlated with a 
correlation coefficient of 0.34 and p-value of 
2.2e-16. 

GPA of semester 2 and pass/ fail status of 
them are significantly correlated with a 
correlation coefficient of 0.37 and p-value of 
2.2e-16. 

GPA of semester 3 and pass/ fail status of 
them are significantly correlated with a 
correlation coefficient of 0.39 and p-value of 
2.2e-16. 

GPA of semester 4 and pass/ fail status of 
them are significantly correlated with a 
correlation coefficient of 0.31 and p-value of 
2.2e-16. 

GPA of semester 5 and pass/ fail status of 
them are significantly correlated with a 
correlation coefficient of 0.33 and p-value of 
2.2e-16. 

GPA of semester 6 and pass/ fail status of 
them are significantly correlated with a 
correlation coefficient of 0.31 and p-value of 
2.2e-16. 

Based on the correlation results it was 

confirmed that the above decisions derived 

using Decision Tree algorithm were valid.  

 Therefore, the results were depicting that 

on the off chance that the undergraduates are not 

having past failure modules, clearly they will 

pass the degree. As the rule 1 and 2 says, 

dominant part of the undergraduates who 

completed the degree were enrolled to the 

degree at the age of 21 and below, which 

imagines that if the age is less, there exists a 

high likelihood of passing the degree. 

  

4. Conclusion and Future Work 

In this research study, the most prominent 

factors, which predict the performance of 

tertiary level students, are discussed. Three 

different data mining algorithms, i.e. Naïve 

Bayes, Decision Tree, and Support Vector 

Machine were used in the prediction stage. The 

results of mining algorithms were tested and the 

output of the algorithm, which had the highest 

prediction accuracy, was selected as the best 

prediction baseline. Accordingly, the extracted 

rules depicts that the age, past failure modules, 

performance of past semesters are having a 

significant correlation with the success or failure 

of the students of three-year degree program.  

As the subsequent stage of the research 

study, the looks into hope to dissect the kind of 

the relationship measurably and will utilize 

other advanced mining algorithms to gauge the 

prediction accuracy to affirm whether similar 

outcomes will create by them. 
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Abstract 

This paper focuses on the most efficient factors 

to be considered when designing a distribution 

network for pharmaceutical supply chains (PSC). 

When considering the impact on the consumers, 

distributing pharmaceutical products has become a 

crucial process than distributing other commercial 

goods. The study has a two-fold approach. Where in 

the first phase, the paper represents a comprehensive 

systematic review of literature based on PSC in 

terms of simulation and modelling techniques and the 

distribution networks. In the second phase, it designs 

distribution network models to simulate pre-

identified clusters of the pharmaceutical based on the 

inherent characteristics. Finally, the most efficient 

distribution network designs are identified for each 

cluster. Here, four different distribution network 

designs were modelled using SupplychainGuru® 

simulation and modelling platform. These models 

help make strategic decisions such as designing and 

operating different distribution networks to better 

suit the product characteristics of a given PSC by 

contributing to reduce overall supply chain cost, 

reduce overall supply chain time, increase product 

availability and to increase product quality in order 

to deliver better quality products to the patients in 

need. 
 

Keywords: Distribution networks, Pharmaceutical 

supply chain, Simulation and modelling 

 

1.  Introduction  

Distribution of medicine has always been a vital 

part of the history of human civilization. Be it a 

war or an outbreak of an epidemic, the pinpoint 

accuracy of the pharmaceutical supply chain 

will decide the fate of thousands of lives. It is 

not just delivering medicine, it needs to be 

efficient, safe, in addition to being time 

sensitive. It is found out that the pharmaceutical 

supply chains have a highly dynamic and 

uncertain behaviour. Because of this reason, it is 

difficult to maintain an efficient distribution 

network for pharmaceutical supply chains. 

Proposed here is a solution to this in the form of 

four clusters of pharmaceuticals. 
 

2. Literature Review 

Pharmaceutical Supply chains preserve higher 

importance than the other commercial goods 

and services, since it costs a significant amount 

of money and time to produce and distribute 

pharmaceutical products. Not only that, when it 

comes to pharmaceutical product supply chains, 

all the contributors have to go through strict 

rules and regulations laid by the governments 

[13]. As the distribution networks of PSC are 

not well-managed, thousands of patients have to 

suffer and significant amount of investments are 

wasted [3]. The displacement of pharmaceutical 

products from the manufacturer to its consumer 

involves multiple parties such as suppliers, 

manufacturers, distributors, pharmaceutical 

benefit managers, health insurance companies, 

hospitals and pharmacies [1]. Therefore, 

pharmaceutical distribution process has become 

highly complex and fragmented. According to 

the literature, researchers are yet to address the 

role of complex and dynamic relationships that 

exist between individual members of PSC [8]. 

When considered about all the processes in 

PSC, distribution networks become more 

important since it bears a higher cost portion 

among all PSC functions [11] and [7]. Since 

different pharmaceutical products require 

different distribution networks, standard logistic 

strategy models that have been useful to guide 

managerial policy in other distribution industries 

cannot be easily applied to PSC [5] and [6]. The 

importance of having an efficient distribution 

network design is to determine the least cost 

system design such that the consumer demand is 

satisfied with their expected level. As literature 

emphasis, there are two factors to be considered 

when designing a distribution network [2].  
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1.) Will the product be delivered to the 

consumer location or picked up from a 

pre-ordained site? 

2.) Will the distribution network have any 

intermediaries?  

Based on these two factors, the decision 

makers can decide on the various types of 

distribution network designs to deliver products 

from the manufacturers to the consumers. In this 

paper, the authors intend to develop the most 

effective distribution network design for the 

distribution of pharmaceutical from the 

manufacturer to the consumer. Here the authors 

consider about pharmaceutical distribution 

network with manufacturers, warehouses and 

consumers. For this study, a two-echelon 

network is considered. The main perspective of 

this study is to determine the number and 

locations of manufacturing plants, warehouses 

related to the pharmaceutical supply chains. 

When considered about the PSC, it shows a 

very dynamic behaviour than other commercial 

goods. When we compare different 

pharmaceutical products, they tend to show a 

large deviation from one to another and when 

considered about the prominent characteristics 

of the pharmaceuticals, it is difficult to have one 

distribution network design to distribute all the 

pharmaceuticals. Therefore, the products need to 

be categorized and distributed according to their 

special characteristics. The literature clearly 

emphasizes that the traditional distribution 

network designs cannot be used to distribute 

pharmaceuticals and there should be special 

network design for them [14]. Inherently PSC is 

dynamic and risky. In order to run multiple 

interactive scenarios, simulation methods can be 

used. In the literature review, the importance of 

the use of simulation and modelling techniques 

to enhance distribution networks in PSC has 

been clearly laid out. Out of all approaches for 

network optimization, simulation and modelling 

techniques have been identified as one of the 

best means to analyze and deal with stochastic 

facets existing in the supply chain [7]. Since the 

simulation methods have the capability of 

capturing uncertainty and complex system 

dynamics make it well suited for supply chain 

studies, this approach has the ability to help the 

optimization process by evaluating the impact of 

alternative policies [4]. Since it is a dynamic and 

a risky environment, decision makers tend to 

use simulation and modelling approach when 

designing models for the PSC.  

PSC is composed of multiple firms 

interacting to produce and distribute drugs in an 

uncertainty environment. Even after a successful 

drug development, demand is highly variable 

and at the end of it, patent life demand all but 

vanishes due to competition from the generics. 

To counter this uncertainty, drug-specific 

contracts exist between suppliers, 

manufacturers, and distributors those results in 

complex, competitive, and dynamic 

relationships in the PSC. 

The movement of pharmaceutical products 

from manufacturer to its consumer involves 

multiple players such as suppliers, 

manufacturers, distributers, pharmaceutical 

benefit managers, health insurance companies, 

hospitals and pharmacies. Therefore, 

pharmaceutical distribution process becomes 

highly complex and fragmented [3]. According 

to the past literature, around 6% of sales is sold 

directly by manufacturers. Hence, it shows that 

the distribution networks of the pharmaceutical 

industry is quite complex than the other 

commercial goods. 

There are many models developed to 

determine logistic strategies. These standard 

logistic strategic models have been useful to 

guide managerial policies in other distribution 

industries and are not easily applicable to PSC. 

Researchers have yet to address the role of 

complex and dynamic relationships that exist 

between individual members of PSC [3]. In a 

PSC, the number of consumption points, the role 

and number of intermediaries, and the long lead 

times and highly unpredictable nature of bio-

pharma manufacturing have created a web of 

contingencies, interdependencies, and 

uncertainties. Because existing research does 

not address the realities of PSC, there is an acute 

need for supply chain researchers to begin 

investigating these phenomena. 
 

3. Methodology 

Overview of the methodology is as follows and 

are presented in four main phrases: 

 

1) Systematic Review 

Literature review is the first step of the 

research that will be conducted to identify the 

studies that have been already done related to 

PSC. In this phase, current studies are 

thoroughly examined to identify the 

fundamental characteristics in PSC. Then the 
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case studies are identified in order to gather data 

for the study. 

 

2) Classification 

Pharmaceutical products can be classified 

into several clusters based on their prominent 

characteristics. There can be different 

pharmaceutical such as tablets, hazard drugs, 

liquids and etc. There are different policies and 

strategies to distribute pharmaceuticals. 

Therefore these several types of products can be 

distributed in various different ways. In this 

phase it is decided to identify the classifications 

of the drugs and follow up with relevent 

clustering for PSC. 

 

3) Simulation and Modelling 

Simulation and modelling techniques are 

used since there is a significant need of using 

these technologies to enhance distribution 

networks in PSC. Simulation and modelling 

techniques are highly applicable for uncertain 

environments. In this phase, simulation and 

modelling techniques are used for the following 

purposes,  

1.) Distribution network models are developed 

to simulate the pre-identified clusters.  

2.) Use data from the previous literature to 

simulate the developed models. 

3.) Change policies and strategies for these 

models and simulate them in different scenarios.  

4.) Identify and analyse the behaviours of 

distribution networks in pre-defined clusters.  

5.) Compare the behaviours of the distribution 

networks.  

6.) Develop most capable distribution network 

which can be apply to enhance the distribution 

networks in PSC. 

 

4) Validation and verification  

• The model will be verified by testing 

the data using the model and testing the 

data under normal conditions without 

the model. 

• The model will also be validated in this 

stage using appropriate validating 

techniques. 
 

A. Clustering Process 

As per the literature emphasis, it is 

ineffectual to use the same distribution network 

for all the pharmaceutical products, since one 

product is highly deviated from the other 

product [4].  Different types of pharmaceutical 

product categories require specialized 

distribution networks and there are different 

policies and strategic levels to distribute 

pharmaceuticals. Therefore, it is difficult to use 

same distribution network design for all the 

pharmaceutical products. Therefore, at the 

second stage of the study, pharmaceutical 

products are clustered based on their prominent 

characteristics. In this phase of the study, it is 

decided to identify the classifications of the 

drugs and do relevant clustering for PSC. 

Pharmaceutical products are clustered based on 

their prominent characteristics. According to the 

literature, four main pharmaceutical clusters 

were identified [11] and [12]. These identified 

pharmaceutical clusters are described in the 

Table 1.  
 

Table 1.  Description of Pharmaceutical Product Clusters 
 

Cluster Name       Description  

Time Sensitive 

Pharmaceutical 

Product Cluster 

These products are highly sensitive to the 

time. They have a minimum lifetime.  

 Products should be distributed within 

minimum time period 

Hazardous 

Pharmaceuticals 

Product Cluster  

Hazardous pharmaceutical products are, 

which has the potential to cause harm to the 

other products. 

Therefore, these pharmaceuticals should be 

transported individually, without having any 

interaction with the others. 

Hybrid 

Pharmaceutical 

Product Cluster 

These products are highly sensitive to the 

time and they have the potential to cause 

harm to the other products.  

Therefore, these products should be 

transported individually within minimum 

time period. 

General 

Pharmaceutical 

Product Cluster 

Products can be distributed as the 

commercial goods. 

 

 

As described, each and every cluster 

consists of different characteristics.  These 

clusters have different Key Performance 

Indicators (KPI). In order to identify, analyze 

and compare the behaviours of each and every 

cluster, the relevant KPI’s were identified first. 

These identified KPI’s are described in the 

Table 2. When simulation techniques are used 

on the distribution networks of each and every 

pharmaceutical cluster, these KPI’s are used to 

identify the necessary requirements related to 

each and every pharmaceutical cluster [14]. 
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Table 2. Considered In The Pharmaceutical Clusters 

Cluster Name       KPI’s 

Time Sensitive 
Pharmaceutical 

Product Cluster 

Distribute products using minimum time 

Distribute Products before the due date 

Minimize the product exchanging rate 

among distribution centers. Actual adjusted 

on-time delivery compared to the customer 

service level target established 

Hazardous 
Pharmaceuticals 

Product Cluster 

Maximize the usage of possible 

warehouses. 

Monthly tracking of slow moving inventory 

Actual cycle count of finished goods 

inventory 

Hybrid 

Pharmaceutical 

Product Cluster 

Distribute products using minimum time 

Distribute Products before the due date 

Minimize the product exchanging rate 

among distribution centers. 

Maximize the usage of possible 

warehouses. 

General 

Pharmaceutical 
Product Cluster 

Minimize the total cost (Inventory cost, 

Distribution cost, Operational cost) 

 

B. Simulation And Modelling Procedure  

In order to identify the most efficient 
distribution network design for each and every 
pharmaceutical cluster, the simulation 
techniques are used. Since the authors consider 
the problem from the process side, discrete 
event simulation method is used. As described 
earlier, simulation and modelling techniques are 
highly applicable in uncertain environments 
[10]. For the model development process, the 
authors derived the test cases from the literature 
and used them as the input data of the model 
development process [8]. These derived test 
cases different from one to another based on the 
prominent characteristics align with each 
pharmaceutical cluster. This network design is 
used to distribute all the types of pharmaceutical 
products in the industry. All the four 
pharmaceutical product clusters use the same 
distribution network design, which is shown in 
Figure 1.  

This is a multi-sourcing distribution 
network and all the plants and distribution 
centers connect to each other. Then the 
distributed network design is modelled using 
modelling and simulation tool. State-of-the-art 
supply chain modelling and simulation software, 
Supply Chain Guru ® was used for the 
simulations. The modelled design of the 
baseline scenario is shown in Figure 1. Then the 
interactive scenarios were run related to each 
and every cluster to identify best distribution 

network design for them. Here, scenarios were 
selected based on the KPI’s which are 
mentioned in Table 2 and the constraints related 
to the clusters. Then the different scenarios were 
run to identify the most suitable distribution 
network design for each and every cluster. Then 
different distribution networks for different 
clusters were derived. The relevant scenarios for 
the pharmaceutical clusters are as mentioned in 
Table 3. As the final stage, the new distribution 
network design and the previous network design 
were compared. 

 

C. Results 

When distribution network design changes 
from the baseline design to another, the cost of 
the distribution network is reduced. The results 
of the simulation process are as follows. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
Table 3. Scenarios Considered For the Simulation Process 

Cluster Name Scenarios 

Time Sensitive 

Pharmaceutical Product 

Cluster 

Here time constraints such as 
expiry dates and minimum 

travelling time is considered to 

ensure that the products are 
distributed within minimum time 

throughout the distribution 

network. 

Hazardous 

Pharmaceuticals 

Product Cluster  

Here it is a must to assign one 

product time to one warehouse. 

Therefore, all the possible 

warehouses need to be considered 

in the distribution network.  

Hybrid Pharmaceutical 

Product Cluster 

All the scenarios, which were 
considered for both Time 

Sensitive Pharmaceutical Product 

Cluster and Hazardous 
Pharmaceuticals Product Cluster, 

were considered.  

General Pharmaceutical 

Product Cluster 

Consider as a general distribution 

network. Instead of creating 
transportation policies for every 

source/destination/product, author 

use groups to apply the same 
policy across a number of 

products, sources, or destinations.  

 

 

 

 

 

 
      

Figure 1.  Baseline scenario of PSC 
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Figure 2. Optimized Distribution Network Design for Hybrid 

Pharmaceutical Cluster 

 

When time sensitive pharmaceutical 
products are distributed using the network 
design mention in Figure 3, rather than using the 
baseline scenario, the distribution cost can be 
reduced by 5.88 percent 

Figure 3. Optimized Distribution Network Design for Time 

Sensitive Pharmaceutical Cluster 

 

When hybrid pharmaceutical products are 

distributed using the network design mention in 

Figure 2, rather than using the baseline scenario, 

the distribution cost can be reduced by 6.34 

percent. When hazardous pharmaceutical 

products are distributed using the network 

design mention in Figure 4, rather than using the 

baseline scenario, the distribution cost can be 

reduced by 10.82 percent. When general 

pharmaceutical products are distributed using 

the network design mention in Figure 5, rather 

than using the baseline scenario, the distribution 

cost can be reduced by 72.1 percent.  
 

 

 

 

 

 

 

 
Figure 4. Optimized Distribution Network Design for Hazardous 

Pharmaceutical Cluster 
 

Figure 5. Optimized Distribution Network Design for General 

Pharmaceutical Cluster 

 

4. Conclusions 

The simulation model developed in this paper 

addresses the PSC distribution network design 

problems. The aim of this study is to design 

most effective distribution network design 

considering different clusters of 

pharmaceuticals. Through the application of the 

modelling and simulation techniques, the most 

efficient distribution network designs were 

developed for all the four main pharmaceutical 

clusters. The cost differences of the distribution 

network designs are summarized in the Table 4 

and Figure 6.  
Table 4. Percentage of Cost Changes 

Cluster Name Percentage  

Time Sensitive Pharmaceutical Product Cluster    5.88% 

Hazardous Pharmaceuticals Product Cluster     10.82% 

Hybrid Pharmaceutical Product Cluster    6.34% 

General Pharmaceutical Product Cluster   72.1% 

 

Figure 6. Cost Differences 
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Since PSC deals with higher degree of 

uncertainty in input parameters, simulation-

based analytical approach is applied to cope 

with the dynamic relationships. This study 

emphasis that, as a result of highly dynamic 

behaviours and the prominent characteristics of 

the PSC it is difficult to distribute 

pharmaceuticals by using general distribution 

network designs. Hence, through this study four 

main pharmaceutical distribution clusters were 

identified. Then, simulation-based analytical 

approach is used to identify the most efficient 

distribution network design for PSC clusters. 

Through the results of the study, it is clear that 

distributing products with in the relevant cluster 

makes a significant cost difference. The 

literature emphasized that due to the highly 

dynamic behaviours of the PSC it is difficult to 

find solutions to the problems in PSC. This 

study suggests clustering approach to categorize 

products with equal characteristics. This study 

introduces four main pharmaceutical 

distribution clusters with the relevant KPI’s.  

The clustering approach can be used to 

reduce the influence of the dynamic behaviours 

of PSC. Furthermore, this study suggests the 

scenarios for all the clusters to simulate and find 

the most efficient distribution network designs. 

This study proposes new avenues in designing 

and operating different distribution networks to 

better suit the product characteristics of a given 

PSC in order to deliver better quality products to 

the patients in need. 
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