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ABSTRACT

/Cyber—physics system is combination of physics with cyber components potentially networked and\
interconnected devices, individually any of these would have a large impact. together, it is a perfect
storm of change, Cloud computing uses remote servers to store, manage and process data for faster
processes, 3D printing lab, robotics and 1oT lab in smart University, Augmented reality is impact smart
classroom to allow student to study theoretical subjects with interaction in 3D data, Big data can
determine future actions and improve evaluation and analyzing and cyber Security protects smart
campus most valuable data, Internet of things loT which connected internet to machine to send, receive
and process data, Simulation ideal for training university staff and scenario planning, Autonomous
systems program machinery and robots to act autonomously, Therefore, the 4.0 IR makes a University
interoperability which is machine, devices and people connect and communicate with one another. The
aim of this study is to propose conceptual model of smart university campus and smart education based
on new method of teaching and advance technology and identify the main distinctive features,
components, technologies and systems of smart university, the qualitative study and interview shows
that the five academic programs from information Technology faculty and Business faculty small

percentage of IR 4.0 areas are included in the curriculum used nine pillars of cyber-physical
Systems.
- J
[.INTRODUCTION

Nowadays, the increased and rapid changed on technology in several sectors such as smart home, smart
campus due to interconnected devices and high bandwidth of internet speed, where is data store in cloud
computing in real time, and due to data generated from several resources while Artificial Intelligent
became much more complexity algorithm, therefore, the new era which is represented the advance
technology in embedding systems or it's called cyber-physical systems the era is called Industrial
revolution 4.0 IR 4.0 or Industry 4.0 [1], the IR 4.0 has potential to disrupted the existing conventional
approach in enterprise, manufactories and as well university campus, therefore, there is interoperable
systems decentralization, transparency and making decision systems, those allow to coordinated more
effort among industrial, enterprise, universities and even countries [2], the Internet communication
technology ICT facilities smart machines, storage systems and production facilities capable of
autonomously exchanging information and also called smart factory, The term of IR 4.0 has been

introduced in 2013 by Germany group in academic, business and politics to adopted new era of high
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tech- strategy for 2020, and was revived in 2011 at the Hannover Fair. There are number of technologies
making up IR4.0 such as Al, Robotics, Automation, genetic engineering/biotechnology, Nano

technology, Most of these are autonomous, things that happen without human intervention.

IR1.0 By 1R20 B 1R3.0 B IR40
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Figl. History of Industrial Revolution

Figure 1 is represented the historical of industrial revolution where is first industrial is mechanical
industrial and it was based on steam power and coal, the second is electrical industrial and represented
by steal, petroleum and electrical, the third industrial has several name such as electronic, digital
automation production and sustainable, digitalization, semiconductors, information technology
and internet, while the fourth industrial is called cyber-physical systems means everything is connected

to everything digital, physical and biological[3].

Cyber-physics system is combination of physics with cyber components potentially networked and

interconnected devices.

Individually any of these would have a large impact. together, it is a perfect storm of change, Cloud
computing uses remote servers to store, manage and process data for faster processes, Adaptive
manufacturing which is digital 3D design data builds in layers by depositing materials, Augmented
reality save expense of a physical trail to show a product, Big data can determine future actions and
improve processes and cyber Security protects manufacturer’s most valuable data, Internet of things
IoT which connected internet to machine to send, receive and process data, Simulation ideal for training
employees and scenario planning, Autonomous systems program machinery and robots to act
autonomously, Therefore, the 4.0 IR makes a factory interoperability which is machine, devices and
people connect and communicate with one another, information transparency system: create virtually
copy of physical world through sensor data, decentralization decision- making which is cyber-physical

systems make simple decisions become as autonomous as possible, technical assistance: the system
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support humans in making decisions and solving problems and assist with tasks, and every industrial is

planning substantial investments.

What are the challenges for the workforce? Increased expectations regarding individual flexibility,
Change of necessary qualification, Improvement through the use of robots, Create of new jobs for high

skilled workers.

The proposed project is based on improvement of building services efficiency, smart services and smart

tools.

The IR 4.0 consist nine pillars of advance technology which are impact to education and new method of

teaching. Those pillars as shown on figure below:

Fig.2. IR 4.0 and nine pillars of advance technology Objectives of smart University

One of requirements to enable smart university is smart education, which is needed to enhancing
curriculum and activities in order to offered IR 4.0 advance technology in curriculum, these
technologies as illustrated on figure 2 play important role education to increase effectiveness of
education in classroom and eLearning and for knowledge to be effectively on future for student by
sharing and training, the innovative and advance technology such as augmented and virtual reality,

cloud computing which allow to enhance the effectiveness of data management in smart campus [5].
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Fig. 3. University Smart Campus

In Figure 3. illustrated University smart campus and figure 4 presented framework of education 4.0,
teaching factors to upgrade traditional learning factors by emerging digital technologies [5], the
Learning factory module is presented and has been discussed [6], To make university services and
facilities much more agile and flexible, ease and fast, responsive to students needs and promote
competitive of advance technology IR 4.0 to able to move to smart campus, it possible to create smart
campus by using wireless sensors and many other advance technology IR 4.0 used[4].New
infrastructure of interconnected devises [oT, and application of IoT. In this paper present smart campus

framework as shown on the figure 3.
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Fig4. Smart campus framework
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II. PROPOSED CONCEPTUALAPPROACH OF UNIVERSITY SMART CAMPUS

Objective of research paper is to propose conceptual model of universities smart campus used smart
campus framework as a system based on smart university framework, level of a smart system, smart
classrooms, smart faculty, smart pedagogy, smart software and hardware systems, smart technology,
smart curriculum, smart campus and smart services, and to identify the main distinctive features,

components, technologies and systems of smart university. Ref toMalaysia Education Blueprint 2015-

2025 (Higher Education) [7, 8]
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Fig. 5 Architecture of the conceptual proposed approach of university smart campus

III. SMART UNIVERSITY TAXONOMY: FEATURES, COMPONENTS AND SYSTEMS

The idea of next generation of smart classroom system that should significant emphasizes not only
software/hardware features but also smart features and functionality of smart systems. Therefore, next
generation of smart classrooms should pay more attention to implementation of smartness to create
taxonomy of a smart university, smart features, smart services, and identify components and systems

that go well beyond those a traditional university face-to-face classes and learning activities.

As illustrated on figure 4, the new approach of university smart campus is represented the four
important factors such as smart services, access to information services, facilities & infrastructure and

sustainability.
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Identification features of Software systems to be developed as following:

Web-lecturing systems (with video capturing and computer screen capturing function) for learning
content Smart classroom in-class activities recording systems Smart cameraman software systems
Systems for seamless collaborative learning for both OC and OL in smart classroom and sharing

learning content/ documents.

Collaborative web-based audio/video one-to-one and many-to-many communication systems

System to reply automatically recorded class activities and lectures.

Repository of digital learning content and online Smart learning analytics and smart teaching analytics
systems

Speaker/ instructor motion tracking systems

Speech/ voice recognition systems

Speech-to-text systems

Text-to-voice systems.

Facerecognition systems

Emotion recognition systems

Various smart software agents

YV V V V V VYV VY

Automatic translation systems

A. Construct smart campus based on cloud computing platform and internet of things IoT

The approach used is Smart campus development approach is based is based on higher stage of
education information systems that connect everything through RFID, technology, sensors and Internet
ofthings [oT.

Details Smart campus includes portal architecture,

management and services, smart management,

infrastructure. . ., smart campus system integrates

hardware smart and non-smart devices, cloud

storage as the means of data storage

Identificanion | = Internet of things loT

features * Systems for seamless collaborative learming
for both face-to-face and leaming on distance
for remote students, in smart classroom and
shared learning content’ documents.

* Repositorics of digital leaming content and
online (web) resources, learning portals

Smarness v Adaptive of classroom model
levels » Sensing by technology specilication used for

addressed identification

TABLE I: Smart campus based on cloud computi_ng-platforhl and internet of things loT
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B. Smart University taxonomy: features, components and systems.

The approach used the idea of next generation of smart classroom system that should significant
emphasize not only software/hardware features but also smart features and functionality of smart
systems. Therefore, next generation of smart classrooms should pay more attention to implementation

of smartness.

Details The objective to create taxonomy of a smart
umiversity, smart features, smart services,and
identify components and systems that go well
beyond those a traditional university face-to-face
_ classes and learning activities.
Identification | Software systems to be developed.
features = Web-lecturing systems (with video capturing
and computer screen capturing function) for
learning content
= Smart classroom in-class activities recording
systems
» Smart cameraman software systems
= Systems for seamless collaborative learning
for both OC and OL 1n smart classroom and
sharing learning content/ documents
= Collaborative web-based audio/video one-to-
one and many-to-many communication
systems
» System to reply automatically recorded class
activities and lectures.
= Repository of digital learning content and
I online
* Smart learning analytics and smart teaching
analylics syslems
* Speaker/ wnstructor motion tracking systems
» Speech/ voice recognition systems
» Speech-to-text systems
® Text-to-voice systems.
» Face recognition systems
* Emotion recognition systems
* Various smart software agents
* Automatic translation systems
* Technology to be deploved
* Intemmet-of-Things technology
* Web-lecturing technology
* Clond computing technology
= Collaborative and communication
technologies
= Smart agent
* Smart data virtualization
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" Computer gaming

» Remote labs (virtual)

* 3D visvalization tech

*» Wireless sensor

* Sensor technology (motion. temperature.
light. Humadity, etc )

= Radio frequency identification

* deployed Hardware systems

® Panoramic video cameras

* Ceiling projector and 3D projectors

» Smart board and interactive white board

* Smart poinfing devices

* Controlled and self-activated microphones
and speakers

* Interconnected big screen monitors or TV

= Interconnected laptops or desktop computers

= Biometrics-based access control

= Robotic conirollers and actuators

Smartness
levels
addressed

* Adaptation

» Sensing (awermess)

» Inferring (logical reasoning)

» Self-learning

= Anricipation

» Self-orgamization and contracture

TABLE 2: Smart campus based on cloud computing platform and internet of things loT

C.System Features needed

The features needed in smart classroom as shown on the table below.

Screen capture

Allow instructor to record dynamic and
static visual from PC screen

Audio capturing | Allows instructors to record sound,
narrations for videos. VoIP calls, audio
comes from other application

Capturing  from | Allows PC webcam to record instructor in

webcam classroom or makes video

Capturing Allows 1o record streaming video and audio

streaming files files onto a computer

Scheduled Allows instructor to set a time and date for

recording an application to automatically record

Capturing  from | Allows instructor

mobile device

Add more features | Zoom&pan. Add Media. Adjust audio. Add

titles. Add annotations, Split/join video and
audio files

TABLE 3: Systems Features Needed
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IV.DATA COLLECTION

The data collection stage consisted of 12 individual interviews carried out with Computer and business
professors from various disciplines, who teach design courses in the Faculties, the interviews were one
hour long included written questionnaire based on method of teaching and offered subjects related to

advance technologies included cognitive in blooms taxonomy.

V.RESULT SURVEY AND QUALITATIVE
In this section shows samples of questionnaire of MEDIU head departments and staff lecturer faculties

of Computer Science & Info Tech. and also from faculty of business and administration.

2
1I_I_I

Figure S. Illustrated percentage of teaching subjects in areas of advance technologies

The questions samples in section of department vision

First Question sample:

Q1: Which of industrial training of IR 4.0 advance technology fields
have your Department / Faculty collaborate in ?

B responses

INALESINAl CIoUd COMPpUTIngG 2 (25%)

1 {12.5%)
(12.5%)
(12.5%)

2 (25%)

(12.5%)
(12.5%)

Industrial loT —2 (25%)

1 (12.5%)
1 (12.5%)
0 {0%)
0 (0%:)

Simulkation 2 [(25%)
System Integration
E leaming G (7T5%:)
3 (37.59%)
o 1 2 3 4 5 5
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Q7: Which method of teaching and E-learning for modelling and
simulation in real time is used ?.

8 responses

@ Deployed to games for education,

@ Simulation based training applications
@ Intelligent tutoring systems

@ None of available

@ Other real time simulation for e
learning

First question sample shows percentage of teachning subject in areas of advance technologies

Q1: How many elective subjects in Academic programs are offered for
Bachelor degree in your department? Please put the name of academic
program and elective subjects

8 responses

9 Univeristy Electives

41 subjects, BACHELOR DEGREE OF COMPUTER SCIEMCE (HONS) AND BACHELOR OF COMPUTER SCIENCE
(HONS) IN COMPUTER NETWORKING, Decision Support System, Multimedia Innovation, Visual Programming,
Project Management, Mobile Computing, Mobile Programming, Security Management, Computer Networks Lab,
Multimedia Technology, Operating Systems and Internetworking, Cloud Computing, E-Commerce system,
Intemetworking Technology.

MNone

42

14 elective subjects ///BBA E-commerce

0 elective subjects for all academic program in my department

Comgputer Sciences (Decision Support System, Multimedia Innovation, Visual Programming, Project Management
. Mobile Computing, Mobile Programming)

Need to refer to HOD
Q1: Which of industrial training of IR 4.0 advance technology fields
have your Department / Faculty collaborate in ?

8 responses

Industrial cloud computing 2 (25%)
Industrial Big Data 1(12 5%)
3D Printing 1(12.5%)
Robotic & Automation 1(12 5%)

2 (25%

Virtual Reality & Augmented e )
Renilly 1 (12.5%)

Industrial loT 2 (25%)

5G / 4G Wireless neiworking 1(12.5%)

1({12.5%)

Quanium Computing
Adaptive Manufactures
Simulation

System Integration 3 (37.5%)
E leaming B (75%)
3 (37.5%)
o] 1 2 3 4 5 6
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Q2: How will IR 4.0 impact your discipline of academic programs in your
department?

B responsss

Education 4.0 15 suggested to affect all the domains (Cogmitive, Affective and Psychomotor) in the Bloom's model.
In the cognitive domain. Application Analysis, Evaluating and Creating will become way more imporiant rekative o
ﬂmmmmmsﬂls_ Sunce professional um:largral:l.m mquqmnaﬁjeﬂndtu
control/reguilation by accreditation bodies. out-of-the-Dox Kieas cannot be introduced here immediately.

The curriculunm Content wWould iave 1o be updated 10 egucale STUdSNTS on The Nature and Denefits of INaUSTry 4.0
as well as model within the educatonal context how some of the charactenstics of the Industry 4.0 have been
applied 1o offening services at the University.

resiience m delivering the program and foster understanding and mastening the sujects

make my jop better

wall emhance the IT subjects

e mamn area of 1R 2 0 which iImpact 10 1Slamic Sclence iscipling is Armificial iIntelbgent Al and ekeaming

Certainly, the cumiculum content would have 1o be updated 1o educate students on the nature and benefits of
Industry 4.0 as well as model within the educational context how some of the characteristics of the Industry 4.0
have been apphed 1o offenng services at the Uiniversity.

In the Tuture, Human Resource will be combined with robots and virtual beings. The HRM system must be
adaptable towards the combination of humans and other beings

Qg:- Is the department offered topic/ topics related to IR 4.0 Advance
Technology in any subject cumriculum of academic program? what is the title
of topic and subject name?

B resporses

Sy=sierm and mebwork

Ertreprerseurship, Softveare Enginesnng, Cormiputer Prug'mng l.l.'llfl-.rn:nhu:s for Computer Scientests, I:h?al
Telkecormimurest alesn Sy stema, RMullinmsschs Healwork, Hmmﬂer mﬂlm Comouter & Infor Trsstson
Sscurtty, Metwork Anafysis and Design, Parallel and Distributed Systems, Cryptograpiy and retsork Sacursty
(gl

L=

D

Mo topiec related 1o IR 4.0

Lgtle =

Hisman Resource and techoanology, Cyber secunty, coimimunication and technology. Managemsnt informaton
System. Human RESource Mansgerenl INTomaamion System.

Figure shows teaching subjects in areas of IR 4.0 as core subject in academic program.

Q4: Which of the following areas of IR 4.0 advance technology is

teaching as core subject / subjects in academic programs in your
department

B responses

0 (0%)
1{(12.5%)
0 (0=e)

1(12.5%)

wirsless Networking 2 (25%:)

Systermn Integration 1 (12.5%)
i D (09)

1 (12.5%)
4 (50%)

1(12.5%)
MNone of IR 4 0 fields 3 (37.5%)

o 1 2 a 4
The guestion sample shows teaching major subjects in area of IR 4.0,
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Q5: Which of the fol

llowing areas of IR 4.0 advance technology is

teaching as major subject / subjects in academic programs in your

departiment
B responses

Big data)—0 (0%)

Artificeal intelbgen 1 {12.5%)
Data Minang|— 0 (0%)
1 {12.5%)
MBChine Leamang| O (0%:)
Deap leaming | 0 (05%:)
Intermet of things loT 1 {12.5%)
CyDersecurity 1 (12.5%)
Wiraless Mabworking 2 (25%)
Choud cormpuiting 1 {12.5%)
Robotics and automation [—0 (09%6)
0 (D%5%)
System Integration | — 0 {0%)
Cuantum Computing |— 0 (09%:)
1 {12.5%)

E I=amang 4 (S0%)

1 {12.5%)
Mone of IR 4 0 felos

0

3 37 5%)

1

2 3

Below guestion sample in department vision of teaching subjects in areas of advance technologies.

Q1: The Department appreciate the importance of students projects which is
changing in the market. what is the topics of IR 4.0 advance technology
projects the departiment / faculty planning is offer?

B reesporeses

we GONT Nave 3 SPEcific ToRIcS D MArkeling SSems IO DIy 3 Marginal role in reSpect To The SoaUCTion Tunclion

= -
help firms &o mprove the guality of relationships with the siuderis, in addiion o reduce production costs and
ncrease Mexibdmy

21, Robatic, 10T, Could Computing. 3D Printing Tech, Vinual Reality, Augment Reality.

Mone

yos

block chain

AJ spplication which based on NPL and Application Speech recognition. application of text recognition
kT Security. Cloud computing. Big Data, Virtusl Reabty

Blochkchoin, cyber Security crowdfiunding

Question shows department plan and vision in organize events workshop, seminar

Q3: There is a need to learn and understand the teaching skills and
concepts in IR 4.0 by offering coursework / workshop / seminar and
conference, what is Department / faculty plan of enhancing activities
using areas of IR 4.0 advance technology and to organize events with
research & innovation division ?

B responses

Illllll

Deuchpnavmmw Wmlmunlah offer eleciive subjects yes its imporia. ..
What is the question ?
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Q10: Is The department / faculty Introduce undergraduate 2+2 or a 3 +1
degree programmes that entail two or three years of on-campus
learning and one o1 two years of off-campus or industiy-based
learning;

based on University policies, 2 Univers...
Count: 1

No wes indusiial raining & project p._. not yet
MNope based on University policies, . no

VI. CONCLUSION

This research paper presented cyber-physical systems and nine pillars of industrial revolution 4.0, the
requirement of university smart campus features, proposed conceptual model for smart campus where
studies the needs services and devices for smart lab, smart classroom and smart services all important

aspects to enable smart campus in the university.

This paper presented the collaboration of human and machine in education systems. And skills need for
handling combined task elements. Collaboration of human and intelligent machines triggers mutual

learning.
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Development of an Intelligent System for Detecting Mobile
App Install Fraud

Tetiana Polhul
Vinnytsia National Technical University Ukraine
E-mail: tanapolg93@gmail.com

ABSTRACT

( )
The paper is devoted to the development of an intelligent system for detecting mobile app install fraud.

The developed system consists of the following blocks. block of user data characteristics identifying;
data heterogeneity resolution block; classification model training block; classification block;
knowledge base (for detecting fraud) formation block; block of fraudsters database creation; data
mining and user patterns formation block; general fraudster portrait prediction block. Software for the
system was developed based on the proposed methods and models during the mobile app install fraud
detection intelligent system design. The values of sensitivity (99%) and specificity (80%) of the
development system are high, and it means that the developed intelligent system for detecting mobile
app install fraud has adequate results.

Keywords - Fraud Detection, Mobile Application, Data Mining, Intelligent System.

- J

L.INTRODUCTION

The presence of fraud during mobile applications installation has recently become a widespread and
significant (expensive) problem. For example, the AppLift study "Fighting Mobile Fraud in the
Programmatic Era" [1] showed that, overall, 34% of mobile traffic that was observed was fraudulent. It
costs more than $ 4.5 billion in losses. The objective of fraud during mobile applications installation is
fraudulent data entry in the application. Since mobile application-developing companies invest in
marketing campaigns, which is intended to result in engaging new organic users, the purpose of such
fraud is to withdraw funds from the developer companies without engaging organic users in return. At
this stage, let's consider the known ways of fraud during mobile applications installation: mobile
hijacking [2, 3], click spamming [2 — 5], action farms [2, 3]. With this in consideration, it should be
noted that an automatic intelligent system development for detecting mobile app install fraud is of great
significance, namely the intellectual component of the system, that will allow finding fraudsters with

new characteristics.

At the moment, there are several systems designed to detect fraud. Let's consider these systems by
dividing them into groups. The first group consists of Fraudlogix [6] and Kraken [7], as these systems
detect fraudsters by only one feature and use the existing fraud databases, so there is the possibility of

uncertainty among many new fraudsters. The second group consists of Adjust [8], Kochava [9], and
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TCM Attribution Analytics [10]. Systems of this group also do not use all available user data, that
reduces the effectiveness of fraud detection by these systems and make fraud detection impossible for
events with new features. The Protect360 [ 11] by Appsflyer is in the third group —it also does not use all
criterions and makes fraud detection based on the existing database of fraudsters and has the same
disadvantage as the Forensiq system — the inability to find out the reason why a user was labeled as a

fraudster, which is often an important task.

The fourth group consists of FraudScore [12] system and the AppMetrica [13] system that just
integrated with FraudScore, unlike most previous systems, have their own updated algorithms and a
self-learning system based on the neural network, but the systems do all of their assessments only based
on some data, so fraudsters with other data may be omitted. The above systems do not use all available
data, which reduces the effectiveness of fraud detection. Therefore, there was a need to develop a fraud
detection system that, based on all available incoming data about mobile application users, will provide
not only certain fraud detection, but also determine fraudsters patterns. Thus, it would be a possibility to
solve the prediction and the fraudsters portraits creation problems using data mining based on
determined patterns. This article shows the proposed approach to the development of an intelligent

system for detecting mobile app install fraud.

ILINTELLIGENT SYSTEM FORDETECTING MOBILEAPPINSTALLFRAUD

The authors have proposed a fraud detection system based on data mining [ 14, 15], which consists of
the following blocks (Fig. 1): block of user data characteristics identifying; data heterogeneity
resolution block; classification model training block; classification block; knowledge base (for
detecting fraud) formation block; block of fraudsters database creation; data mining and user patterns

formation block; general fraudster portrait prediction block.

The presence of fraudsters is considered as an anomaly inlarge arrays of heterogeneous data about users

during the design of the system.
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Fig.1. Fraud detection system based on data mining.

There was a problem of processing heterogeneous data in the process of developing the system. For this
purpose, a generalized model of heterogeneous data and a method for data heterogeneity resolution
were proposed in this paper using a scaling procedure based on the proposed four scales, which formed
the basis for the block of data heterogeneity resolution. The transition from large data sets to two groups
of coefficients was performed in the process of data heterogeneity resolution. Identified fraudsters are
entered into the database, and their patterns are formed on the basis of the first groupof coefficientsG1
(Fig. 2). Unknown in the first stage fraudsters are identified and a knowledge base is formed in the
process of analysis of the second groupG2 (Fig. 3), which based on the finding of similarity coefficients

between users [2].

The second group G2 will include data on which it is impossible to uniquely determine the value of the
coefficient. For example, unknown time limits between events that allow you to uniquely identify
whether a user is a fraudsters or an organic user. One of the coefficients will be determined based on the
types of events that the user makes. This factor can not be included in the first group G1, since such data
does not have a clearly defined condition that will not change over time. There is a similarity coefficient

between the current user and the fraudsters fingerprints and characteristics to normalize the data of the
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second group (Figure 3). Note, that the value of the similarity coefficients belongs to the interval [0; 1].
A value of 1 means that users are identical by a given characteristic, 0 in turn means that users do not
have anything in common by current characteristic. For example, after considering such data as the
time between events, we have a set of times between the events of the current userTu= {t|t>=0}and the
set of times between the events of each of the uniquely determined fraudstersTi = {t|t> 0}. With two
sets of non-binary, but homogeneous TuandTi,data, let's apply the appropriate user similarity
coefficient. For such kinds OIE sets, the Tanimoto coefficientKT Tu, Ti [2, 4, 16], is chosen, which is
defined asKT (Tu, Ti)= S

the number of elements in the set Tu, Nb — is the number of elements in theTi set. In turn, for sets of

where N — is the number of common Tu and Ti elements, Na — is

binary data, such as a set with binary values for each of the existing types of events in a mobile
application, where 0 means that the user did not use such an event, and 1 means that he used, the
similarity coefficients of users are determined using and Ti elements, Na — is the number of elements in
the set Tu, Nb — is the number of elements in theTi set. In turn, for sets of binary data, such as a set with
binary values for each of the existing types of events in a mobile application, where 0 means that the
user did not use such an event, and 1 means that he used, the similarity coefficients of users are
determined using the cosine similarity coefficientKcos A1, A2 [2, 4, 16], which most effectively works
with binary data. In turn, K . AI,AE s AIIA,, gl _vhereA1, A2 — is the set with the

. = Ay - As
above binary data of the current user and fraudulent user respectively.
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Fig.2. Scales of the first group of coefficients.
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Then, fraudsters characteristics and patterns are formed and recorded in the knowledge base according
to the fraudsters characteristics, detected based on the coefficients of the second group. A generalized
fraudster template (portrait) is formed, based on the formed knowledge base and database. This
template allows to identify fraudsters, as the experimental studies research showed, with an accuracy of
99.14%. It should be noted that the availability of a knowledge base will help speed up the detection of

fraudsters in new data sets.
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Fig.3. Scales of the second group of coefficients.

III. DETAILS EXPERIMENTAL

Let us build the system which would give the adequate results. It should be noted that an adequate
system must be endowed with two properties: it is endowed with predictive ability and well-
generalized for data that it has not yet met. To assess these properties, the error metric (how much the
model is seriously mistaken) and the strategy for validating the adequacy are determined.
Consequently, let's implement the proposed intelligent system for detecting mobile app install fraud,
based on the developed method, mathematical model and algorithms, using the Python programming
language. However, to begin with, let us note that to obtain adequate results, one can not test and teach
the model on the same dataset. Therefore, to adequately evaluate the system and avoid retraining, we

divide the available dataset of data into three sets: training, validation, and test (control). The system
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will be trained on training data and will be evaluated on verifying, and after creating the final version of
the system, it will be tested on the control data. So, after obtaining the intelligent system with the
adequate results, let's construct a confusion matrix (Fig. 4) to compare the predicted results with the
expected results. To test the system, a control sample of 56962 records was taken, 56870 of which

correspond to organic users, and 92 —to fraudsters.

The confusion matrix which is given in Fig.4shows that 56639 objects of the first class ("Organic"),
representing 99.59% of all 56870 objects classified in the first class. 231 objects of the first class are
mistakenly classified as objects of the second class ("Fraud"). 99.59% of the firstclass objects are
correctly classified and 0.41% are classified incorrectly. As for objects of the second class — fraudsters —
74 objects from 92, classified into the second class, are classified correctly, and 18 — mistakenly
attributed to the first class. Thus, 80.43% of fraudsters were correctly classified and 19.57% were
classified incorrectly. In general, 99.56% of objects (56639 + 74 = 56713 objects out of 56962 objects)

are correctly considered, 0.44% of objects are incorrectly classified.

Confusion matrix, without normalization
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Fig.4. Confusion matrix of the control set without normalization

Let us estimate the sensitivity (1) also called the true positive rate (TPR) or recall, which measures the
proportion of actual positives that are correctly identified as such, and specificity (2) of the system also

called as true negative rate (TNR), which measures the proportion of actual negatives that are correctly

identified as such.

TPR=IE = _TP__ —=56639 = 99%, (1)
P TP+FN 56870
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where TP — true positive,
TN — true negative,

FP — false positive,

FN — false negative.

TNR = IN = TN = 24 = 80%. (2)
N TN +FP Qo

The values of TPR = 99% and TNR = 80% are high, and it means that the developed intelligent system

for detecting mobile app install fraud has adequate results.

IV.RESULTS AND DISCUSSION

Thereby, the approach to the development of an intelligent system for detecting mobile app install fraud
was proposed in the paper. The advantage of proposed system is in ability to work with all existing
arrays of heterogeneous input data when installing mobile applications with application of algorithms

ofdata scaling (Fig.2, 3).

The results of the experiments have shown effectiveness of proposed approach for fraud detection and
the possibility of expanding formats and characteristics of fraudulent users based on intellectual
analysis and knowledge bases. The study was carried out using software developed on the basis of the
system proposed in this paper with the help of the Python programming language and TensorFlow,
Pandas and Numpy libraries in the PyCharm development environment. To implement the

classification block, a fully-connected deep neural network with 3 hidden layers was used.

Using of the proposed approach to data heterogeneity resolution helps to find fraudsters with high
accuracy, which is achieved thanks to the fact that the system makes it possible to determine fraudsters

even by implicit fingerprints and characteristics.

V.CONCLUSIONS
The approach to the development of an intelligent system for detecting mobile app install fraud was
proposed in this paper. Let's notice major conclusions are as follows:
1. The advantage of the proposed system is that it works with all available heterogeneous input data
of different templates, dimensions, metrics, which allows defining a user class more precisely.
2. The structure of the system and the list of the main blocks of the system were noted (Fig. 1)
3. Software was developed based on the proposed methods and models during the mobile app
install fraud detection intelligent system design. A sample of 300567 records from a real mobile

application is taken for experimental research. All data of a sample are heterogeneous and each
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user of it is labeled with the class (fraudulent or organic). The system developed by the authors does not
know about the user's labels. The labeled set was chosen for further verification of the accuracy of the
developed system. The fraudsters characteristics and the formed rules in the knowledge base were more
precisely defined due to the developed method of data heterogeneity resolution. Python programming

language and TensorFlow library are selected for implementation of the system.

4. The experiments were done using confusion matrix. The results showed that the values of
sensitivity (99%) and specificity (80%) of the development system are high. It means that the

developed intelligent system for detecting mobile app install fraud has adequate results.
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ABSTRACT

4 1\
An enormous increase of data sources for chemical information and biological science requires a new
development methodology for mining useful information. Such data sources give us an opportunity to
utilize computational tools to mine useful information and to find new patterns in data sets that explain
scientific phenomena not yet known. It is also important that non-expert users can access the latest

cheminformatics methodology and models to spread the new discoveries. We present our previous
developments in cheminformatics procedures and infrastructure that provide an appropriate approach
to mining large chemical datasets. We also discuss the limitation of previous challenge and propose a
new infrastructure with the state-of-the-art techniques expected to improve the performance.

Keywords - Cheminformatics, Work flow, Web service, Big Data.
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L.INTRODUCTION

Recent progress in chemistry and life sciences have led to a large volume of new data sources called Big
Data. Big Data is a data set that cannot be proficiently handled by conventional data processing
technics. When we classify big data, different principles should be considered in data mining [1].
Cheminformatics belongs to a multidisciplinary filed that integrateslife science, chemistry and
computer science. The in silico illustration of chemical structures employs particular formats such as
XML-based Chemical Markup Lange (CML), SMILES, SDF, and so on. The data in those formats are
frequently used in large chemical databases such as PubChem[2], ChREMBL[3], and BindingDBJ[4].
Therefore, we can access a large volume of chemical compounds and biological activities in a diversity

ofbiological assays.

We need to connect chemical structures to the life science information. For example, systems biologists
study the complex biological systems that integrate microarray datasets to biological pathways, using a

large number of other data sets to provide evidence for the links [5].

A typical method to access data is a traditional query to the database manage systems by a human. A
software agent can access and process the data in a uniform manner without human intervention. Web
services are techniques of aggregating and integrating data sources and software. They allocate
software applications and data source to be published on the network, therefore making tools and data

broadly available with a standardized interface and enabling the construction of application that use
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distributed resources and data to resolve complex tasks. There are three standards to create Web
services. Web Service Description Language (WSDL) is an XML- based standard for presenting Web
services and their parameters. Simple Object Access Protocol (SOAP) provides the envelope existing
applications to match abstract interfaces in WSDL to their actual executions. Universal Description,
Discovery and Integration (UDDI) provokes the publishing and browsing of Web services by user
groups. Representational State Transfer (REST) architectural style replaces WSDL since the REST-
based design methodology [6] was emerged. In RESTful style, there is no standard such as SOAP and
any other payload formatted in HTML, XML, JavaScript Object Notation (JSON), or another format.
The aspect of connections between distributed resources is important because it is easy to collect

information from a diversity of high throughput screening and vendor catalogues.

The MapReduce framework [7] provides a programming model for parallel and distributed handling of
batch jobs on a large number ofcomputing nodes. Each job in the MapReduce divided into two phases
—map and reduce. The map phase divides the input data by relating each element with a key. The reduce
phase handles each split independently, and all data is processed based on key-value pairs. The map
function processes a certain key-value pair and produces a certain number of new key-value pairs. The
reduce processes all intermediate values grouped by the same key into another set of key value pairs as

output.

A scientific workflow is a specialized form of the general workflow, which designed particularly to
compose and implement a set of tasks in an order depending on their relations in a scientific application
[8]. The technic of scientific workflow has been successfully applied to the scientific fields including
cheminformatics and life science. Scientific Workflow Management System (SWfMS) is a tool to
implement workflows and handle data sets. Several Grids workflow projects are developed. Triana [9],
Kepler[10],and Taverna[11] are typical examples. Triana is started from a single platform but supports
distributed services with Grid awareness. Kepler is also started from a single platform and it fully
supports Grid environment. It is widely used in many scientific domains and provides graphical user
interface to organize workflows intuitively. Taverna is part of myGrid project and focuses on
applications of life science.It recognizes the importance of provenance and semanticsby a textual

language.

A workflow scheduler is critical for the efficient workflow management system. Many scientific
workflow management systems hire their own scheduling algorithms [12, 13]. We need to find a proper

algorithm for a good performance.
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The rest of this paper is organized as follows. Section 2 describes our previous work. Section 3 presents
MapReduce framework and scheduler. We illustrate a new architecture for data mining of large data

sets in Section 4. We summarize and conclude in the last Section.

II. PREVIOUS WORK

We developed an infrastructure of Web service for cheminformatics that simplifies the access to drug
discovery information and the computational techniques that can be applied to it [ 14]. At that time, the
Web services were mostly based on Java. Using Java allows us to deploy our Web services in a Tomcat
application module, which allows us to easily support a variety of services and provide an integration
with our execution environments. The services themselves are hosted on a diversity of servers and are
generally separated from database and functionality. Therefore Web services that provide database
functionality will connect to a remote database server to retrieve results. We implemented Web service
wrappers for several free and commercial cheminformatics tools. The commercial tools that we were
permitted to use tools such as Digital Chemistry Divisive K-Means forclustering. We had a working
relationship with the Murray-Rust group at Cambridge University[15] that was one of sites that had
semantic Web approaches to cheminformatics. We implemented several of their Web services such as
InChlGoogle, InChlServer, CMLRSSServer, and OSCAR for automatic mining of chemical structure
information from documents. We also implemented a large amount of the functionality of the
Chemistry Development Kit (CDK) as Web services such as descriptor calculation, 2D similarity and
fingerprint calculations, and 2D structure depiction. We experimented a special modified Web service
implementation of ToxTree [16] for toxicity flagging. Web services can be used in workflow tools such
as Taverna workbench. The tools allow the creation of new functionality by linking together services
and other application and data resource into workflows. Figure 1 illustrates an example of Taverna
workbench in a graphical user interface. The interface encloses a list of processes that the user enables
invoking on that service. After selecting an operation, the user isaccessible with an interface for the
operation, which enables the user to specify all the input parameters to the operation. And the user can

invoke the operation on the service and obtain the output results.
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Figure 1: CDK Workflow in Taverna workbench.

IHI. MAPREDUCE FRAMEWORKAND SCHEDULER

MapReduce frameworks execute much better in tough environments than other tightly coupled
distributed programming frameworks such as Message Passing Interface (MPI) because of their fault
tolerance capabilities [17].They are suitable to support many scientific use cases, and many scientists

can build large data-oriented applications easily under could computing environment.

Apache Hadoop [18] is a framework that provides distributed processing of large data sets and the
implementation is based on Google MapReduce [19]. The Hadoop Distributed File System (HDFS)
follows write-one-read-many pattern and does not support functions to change an existing file. The
HDEFS is designed for deployment on unreliable clusters and succeeds in reliability by the replication of
data files. The Hadoop minimizes data communication by processing computations near the place it is
stored. The architecture consists of a master node with many worker nodes and uses a queue for task

scheduling and succeeds in load balance naturally among computing tasks.

A classical workflow for collecting related data and inserted into a local database management system
(DBMS) before processing data. The HDFS replaces the local database for a temporary storage.

Apache Hadoop framework is a promising system to store the extracted huge datasets from databases.
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A scheduler of scientific workflows allocate tasks mapping on heterogeneous and distributed
resources. A good algorithm can make tasks allocated to the proper resources and arrange the best
sequence of parallel tasks. We need to consider two groups — users and service providers. Users are
concerned with reliability and the service quality. So they want the result within the proper time.
However, the servers aim at their efficiency to capture maximum revenues. We can consider several
strategies such as execution time-based strategy, just-in-time strategy, linear scheduling, policy base
strategy, virtual machine strategy, gossip based strategy, reservation based strategy, and heuristic based

strategy. We need to optimize our scheduler among those strategies in the future work.

IV.ARCHITECTURE FOR DATAMINING OF LARGE CHEMICALDATASETS

In our previous work [14, 20], we introduced a chemical mining process to collect chemical structures.
Figure 2 presents the architecture of the process implemented on a supercomputer with Message
Passing Interface (MPI). Using PHP script queries and PubMed ID, we collect abstracts of research
papers in the first step. A group of the abstract text files are assigned to each node in a supercomputer. In

anode, a series of batch processes extracts chemical compounds and their three dimensional structures.
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Figure 2: Architecture of a chemical compound mining process

In the experiment, even the super computer system took a lot of time to process about 500,000 abstracts.
We suggest an architecture in which the Hadoop MapReduce Framework replaces the super computer
system with a simple MPI. Figure 3 illustrates a new architecture replacing the super computer system
in the Figure 2. The input text files are stored in the database (HDFS). The server provides graphical
user interface as a part of workflow bench such as Tarverna. Workers are instances of the server and are
only accessed by a scheduler that assigns execution tasks for mapping or reducing.We can employ a
SOAP library to allow consumption of Web services.
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Figure 3: New Architecture for Mining Process
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V.CONCLUSION

With recent progress in chemistry and life science generating a large datasets forces many requirements
on a storage and an analysis framework. We describe a review of distributed systems designed to
process chemical information. We also present our Web service and workflow development for
cheminformatics in the previous work. However, the case study for mining chemical compound
demonstrates a need for more efficient architecture for processing large datasets in chemistry and life
science field. Thus we propose a new architecture with MapReduce framework to expect to address the

performance problem.
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ABSTRACT

( 1\
Automation of the production of ever more complex products brings along an increase in product

control requirements. In addition, industry, especially automotive, requires a further increase in
production accuracy, minimization of downtime and delivery by just-in-time. Quality control by
accidental selection and by mechanical devices is not sufficient to meet the production requirements. In
most cases, visual quality control is ensured by people. This article describes the basic paradigms of
using artificial intelligence systems for quality control detection. To describe the deployment
techniques of artificial intelligence elements, the RetinaNet Convoluntary Neural Network (CNN) was
used.

Keywords - Neural Networks, Quality Control, Error Detection.
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L.INTRODUCTION

At present, the world is talking about the fourth industrial revolution, which brings many attractive
opportunities for industrial companies. The development of automation, robotics and digital
technologies is determined by the global development of the economy and the individual industries, as

well as the emerging technological and social trends.

Traditional production hierarchy with centralized management is increasingly moving towards
decentralized automatic control, where the resulting product independently communicates with

production facilities and actively interferes with the production process.

An integral part of automated active production process management is to automate and correctly
detect possible errors occurring in the production process. At present, these errors, such as mechanical
damage, mistaken production or scratches, are evaluated only manually, based on acquired human
abilities. To automate this activity, you need to correctly detect and evaluate these errors. The solution

to this problem can be the use of artificial intelligence techniques.

Artificial intelligence techniques are therefore generally used for problems that involve a certain

amount of uncertainty. Therefore, these techniques may be suitable for controlling machining.
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Artificial Intelligence, which deals with decision-making and solving complex issues in its sub-areas,

looks very promising for the description and management of complex systems in the future.

The basic elements of artificial intelligence are: expert systems, fuzzy logic, genetic algorithms, neural
networks, neuro-fuzzy systems, hybrid systems. However, several intelligent computing tools have
been applied to solve manufacturing problems. In the literature, it is possible to find about three dozens
of methods, such as artificial life, associational memory, automation theory, biological production
systems, chaos theory, computer vision, conceptual dependence charts, restriction based search, expert
systems, fuzzy logic, genetic algorithms, , heuristic search, holon production systems, immune
networks, knowledge base systems, knowledge representation, machine learning, multiagent systems,
natural language processing, neural networks, Petri nets, quantitative justification, justification
techniques, learning consolidation, similarity theory, syntactic and statistical recognition samples and

etc.

For image recognition, it is best to apply neural networks that are rapidly expanding area of artificial

intelligence.

With advancements in this area, predefined image recognition solutions are available. However, most
existing solutions focus on recognizing common subjects. The introduction of neural networks in
industrial production is still unexplored area. Pre-trained convolutional neural networks (CNNs) are

available to transfer abstraction capabilities to the digital environment.

The advantages of this solution are:
e automation of control,
* linking control and production process,
* improving control accuracy,
» categorization of failures, interconnection of the type of failure with the manufacturing
operation/procedure.Implementation of the RetinaNet neural network to detect image
recognition errors and incorporate it into the product quality control process was carried out in

collaboration with Optisolutions Ltd.

I1. POSSIBILITIES OF IMAGE DETECTION BY IMPLEMENTING ARTIFICIAL
INTELLIGENCE TECHNIQUES
The neural network is a massive parallel processor that tends to retain knowledge for their further use. It

imitates the human brain in two aspects:
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* Knowledge is collected during learning,

* Neural connections (weights) are used to store knowledge. [1]

Among the basic types of tasks that can be solved using neural networks can also be classified into
classes. For visual data, this type of task is called image detection. Image detection in neural networks
uses convolutional and pooling layers, so these neural networks are also called convolutional neural
networks (CNNs). Recently, there are predefined implementations of convolutional neural networks

that can be used to look for visual defects by detecting images in an industrial environment.

For use in the experiment, the Focal Loss for Dense Object Detection model was selected for very

accurate image recognition in objects.

,Focal Loss for Dense Object Detection is the highest accuracy object detectors to date are based on a
two-stage approach popularized by R-CNN, where a classifier is applied to a sparse set of candidate
object locations. In contrast, one-stage detectors that are applied over a regular, dense sampling of
possible object locations have the potential to be faster and simpler, but have trailed the accuracy of

two-stage detectors thus far.*“ [2]

SLibnst

[al ResMet (b feature pyramid net ) class subnet (hop) () box subnet (bottom)

& ubnet

Fig. 1 Structure of the convolutional neural network RetinaNet

The predefined RetinaNet neural network is a software implementation in Keras and Tensoflow
environment. The package includes a predefined and pre-trained neural network model that can be used
as the basis for a specific task. Selecting this model allows you to deal only with knowledge transfer

problems and the interpretation of neural network recognition results in an industrial environment. [3],

[4]

L IMPLEMENTING THE NEURON NETWORK IMAGE DETECTION IN INDUSTRIAL
PRACTICE
The first step is to select and implement neural network learning. Selection of the neural network was

performed on the basis of output requirements and the RetinaNet network was selected. The input
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source for learning neural network RetinaNet is an image of the investigated product. The output is a
matrix describing their images and their location on the detected image. Thus described images
represent the knowledge that seeds to be transferred to the neural network. For the learning of the neural
network, approximately 320 images of the investigated products were used. Various types of washers
represented different product types. On some of the washers (about 20 pieces) was simulated damage,
that was artificially created in the form of scratches, stains and mechanical damage.

[data_ssd 1 /fpodiozioy/fimgs_podiozicy) podiosiy_mgs)15350db 33101461 09aasb91 b4 160 png 427, 76,1166, 761, dre
wol0

fdata_ssdl ."r:c'u']lr:-.'h.'g.l'in'lgl._mr!ln:h'u.: podiosiy_rmgs/ b5 1 dfiladebSdddh Tde Thd M dala 1 cad7 prg 940, 177,11 158,544, me
chanicka

[data_ssd1/podiorky/imgs_podiorky/podiorky_rmgs/b6 1 cifalebSdddh T4e Thddafa 1 cad7 prg, 441,110,1 180,795, dre
wol0

[data_ssd1/podioriy/imgs_podiozioy/ podioriy_mgs/Bb81606d 3 7 TB0 20900 T edfbacdeaclS png BGG, 4991079, 707 me
chanicka

[data swdl ."pndlmh.l’lmgl podioriy) podiorioy _rmgs/BbE 1 6c6d 1 7T 20D TedfbacMec8S png, 389 150,1128 835 dre
w010

fdata ssdl/podiorky/imgs podiozky)/ podiorky  mes/65 72838 T2 eed 2aabdadd 107 ddde 38869 _png_ TR T 568, 964, 795, skv
ha

[data_ssdl/podiozioyfimgs_podioziey/podiarky_mgs/65 7223872 eed 2aabdad 107 dddc 38269 png, 377,157,1116,84 2 dr
evall

[data_ssd1/podiozioyfimgs_podiozicy) podioriey_mgs/edBbb0bised 16662005 H4albIlctese png, 732 623, B90 869 ryha

Fig 2. File describing knowledge about errors and definition of washers.

In the set of created images were six types of washers and three types of visual damage. Each type of
washer and each type of damage creates a class that categorizes that knowledge. For each image a
description was created that defines the location and class of knowledge which the image contains.

Example of record is in Fig. 2.

In order to obtain the error type location, an application has been developed to identify and record their
location on the investigated image. An example of the visual identification of the error is shown in Fig.
3. Using this procedure, we will get a set of images and a set of descriptions that make up the necessary
knowledge for learning the neural network itself. The RetinaNet neural network software package also

includes utility programs that provide learning, training and also evaluation of the neural network.

After training the neural network followed its testing process. For the test, the washers that were used to

teach it and their other types were used. Again some of the washers were visually damaged.

The resulting image recognition using the RetinaNet neural network is a triple matrix that describes the

class of product classes, namely:
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» location, exact coordinates of occurrence of a given category of errors on the image being
examined,
« the probability of detection of individual product categories,

» designation of the product category.

Fig. 4 Examples of error handling using a neural network

These matrices do not allow visual inspection of neural network functionality. To verify the
functionality was used a Python script which visualizing the errors directly in the input images. The

visualized results are shown in Fig. 4.

This method is inappropriate for usage in real practice. The method of automated data processing from

neural networks is called interpretation. To interpret the results, it is necessary to create a program that
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processes the results delivered by the neural network. Based on the interpretations, it is possible to
directly influence the production process using the required parameters. The specific solution to the

program is based on the process of managing the production process and the problem solved.

Anecessary condition is to determine the probability values for which the object and its category will be

recognized and considered as valid product identification.

The neural network can recognize multiple types of products in the picture with different probabilities.
Each recognized object has a probability that corresponds to the mathematical expression of the
object's recognition. Appropriate selection of boundary probability can prevent unambiguous

interpretation of the results.

Then the required parameters control the manufacturing process. The specific solution of the program

depends on the method of managing the production process and solving the problem.

After this decision, interpreting may occur depending on the specific problem. For example, if we know
the location and method of occurrence of any error category, it is possible to automatically correct the
respective manufacturing operation or use the position of the product in the image for positioning the

robot gripper in order to grab it in real operation.

Subsequent visual control of outputs confirmed the assumption that the trained neural network
RetinaNet can identify individual product categories and possibly recognize their visual impairments.
The neural network has recognized all of the available washers, including those that were not used for
training. The system has been able to repeatedly divide the washers by type and look for visual damage.
In the second phase of verification of neural network functionality, the network was interfaced with the
URS robot control program, which tested the washers according to the type and the damage. The type of

damage information was stored in the database for further processing.

IV. CONCLUSION
The experiment has shown that designed and transformed neural networks can be used to solve visual
control problems. The availability of predefined neural networks such as RetinaNet allows focusing on

solving the quality problem itselfinstead of designing and programming the neural network.

The use of artificial intelligence is no longer a matter only for IT professionals. CNN becomes a tool

that can be used directly in production. In such use, the selection of suitable methods for categorizing
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knowledge, interpreting results correctly and linking with production, becomes important. This should

be the subject of further research on neural networks to manage production processes.
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ABSTRACT

4 )
Artificial neural networks have been widely used in the field of pattern recognition within the past two

decades. Bayesian learning of artificial neural networks is very useful in overcoming many of the
inherited problems in neural networks, including the network over fitting, which is critical in obtaining
generalized predictions with higher prediction accuracies. Despite its importance, very few studies
have used a Bayesian neural network for survival predictions. Accurate prediction of patients survival
is key for identifying the relevant treatment protocols in the various onset of cancers. In this study, we
demonstrate the use of Bayesian artificial neural networks for accurate survival predictions. In fact,
we discuss how to develop a piecewise constant hazard model using Bayesian neural networks. The
uncertainties of the predictions are captured using the error bars.

Keywords - Artificial Neural Networks, Bayesian Learning, Piecewise Constant Hazard Model,

Survival Prediction,
. J

[.INTRODUCTION

An Artificial neural network (ANN) is an information processing archetype that is inspired by the
biological neural networks systems, such as the brain. They have been successfully applied in almost
every field including in engineering, computer science, and medicine [1]-[5]. An ANN has the strength
of making predictions based on both individual attributable variables and possible complex
interactions. Moreover, they serve as a powerful tool for modeling nonlinear functions and non-
additive effects[6]. These are the main reasons ANN have become popular in different applications.
However, they also bring their challenges. The main concern is that their final results are less
interpretable[7].This can be overcome by building hybrid models using both neural networks and other
statistical models like multiple regression, logistic regression, and multinomial logistic regression. An
ANN consists of as several interconnected layers. In this work, we have focused on feed-forward neural
networks, where each layer has a collection of artificial neurons (nodes) with connections made among
the layers without any feedbackloops. ANN use a supervised learning technique where both inputs and
outputs need to be fed into the network for the initial training process. Fig.1 represents the architecture
of'a feed- forward ANN with three layers, namely the input, hidden and output. Here we have assumed

that it has d inputs, M hidden and K output nodes.

Journal of Current Development in Artificial Intelligence (Volume - 11, Issue - 02, May - August 2023) Page No 80



Hidden
Fig.1. A Feed-forward Artificial Neural Network with 3 Layers: Input, Hidden, and Output

The outcome of a feed-forward ANN can be expressed by (1),

M d
f=1 =1

and this is simply a nonlinear function from a set of input variables xi to a set of output variables yk
linked with adjustable weight parameters 8],
1 2 2 2

1
W=wW W ...... W W ... W .
11 12 21 22 KM

A. Network Training and Error Function Network training plays a major role when using a neural
network to find solutions to a given problem. By training, we refer to finding the optimal set of weight
parameters w, using the training data which can be found by maximizing the relevant likelithood

function of the data.

For example, if we consider a set of independent training data xn , tn with a joint probability density
function p xn, tn ,then, we can write the likelihood function as in (2),
pDw.x—px". 1
d @
=pt*k"px",
n
where p xn, tn is the conditional density t given X, and p xn is the unconditional density of x. Since it is
more convenient to minimize the negative log likelihood function than maximizing the likelihood
function, we introduce an error function of the form(3). Note that, we have removed the term, p xn as it

does not effect on the network weight parameters,
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Ew=-lnpDw.x
=-—lnpt|x". (3)

n

Hence, the choice of the error function entirelydepends on the conditional distribution. For our example

of survival modeling, we will be using the Poisson distribution as the conditional distribution function.

B. Bayesian Artificial Neural Networks

Bayesian neural networks provide a more intuitive approach for network training. A significant amount
of research in this area was conducted by David Mackay in 1992 [9]-[10]. In the maximum likelihood
(ML) method, we find a single set of weight parameters by minimizing the error function. In contrast to
the ML method, in the Bayesian approach, a probability distribution is used to capture the uncertainties

associated with the weight parameters [11].

Use of Bayesian learning in ANNSs provides several advantages. In fact, with this approach, the use of
regularization parameters can be given a natural interpretation. Moreover, it allows to use a relatively
large number of regularization parameters while optimizing them during the training process. The
automatic relevance determination prior [12]-[14] helps to identify the relative importance of each
input variable. Additionally, the variation in predictions in regression problemscan be captured and can
be visualized using error bars. Moreover, prediction accuracies can be increased by creating network

committees, combining different networks.

In the Bayesian setting, we first introduce a prior distribution p w for the weights, representing our
knowledge on weight parameters. In our analysis, we have considered a zero meanGaussian prior of the
form (4),

1

a
p WX = SXp ~ Ww Zy

4

exXp —aE, W Z,

a
My . " - . . .
where Z, = "2 and a is the inverse variance of the  distribution, also known as the hyper
a
parameter of the prior distribution. As a part of Bayesian learning, we optimize this hyper parameter.
The error term Ep (w)is chosen to be’s wTw, as it penalizes the weights of large magnitudes for a better

generalization.

Once we observe the data, the Bayes' theorem is used to update our beliefs and the posterior probability

density pw D, x of the weight parameters can be obtained as,
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pDw.xpw
pwD,x= T (5)

Here. p D w. X is the likelihood function. and p D x is the normalization factor which is given by.
pDx=pDw.xpwxdw. (6)
We  then use this posterior distributionto make inferences. That is to make new predictions based on,
ptx*.D=ptx*. wpwxdw. @)

II. SURVIVALMODELING WITH BAYESIANANN
Accurate prediction of the survival is a challenging, yet substantial task which depends on the
underlying the hazard function. These hazard functions can of tenbe complex and might not follow a
particular distribution. Moreover, its behavior can significantly be affected by the risk factors which
drives the function. Even with decades of research dedicated to survival analysis (and hence in
hazardmodeling), medical practitioners still search for exclusive predictive models which can handle

the modern biomedical data [15].

An efficient solution is to use flexible modeling of survival analysisutilizing techniques like kernel
density[16], ANNs[17]-[19] and cubic splines [20].

Among those, ANN-based survivalanalysis models have widely used mainly due to the capability of
handling complexnonlinear relationships among the predictor variables and due to the
fewerassumptions involved with the modeling. Faraggi and Simon have used ANN as abasis for a non-
linear proportional hazard model [17]. Another method based onpopular multi-layer perceptron: partial
logistic regression has been developed by Biganzoliet al.[18].ANN has been used to predict the

patientoutcome with censored survival data, including time as a covariate [ 19].

The development of the piecewise exponential model using ANN has first been proposed by Forniliet
al. [21]. Their method accommodates greater flexibility in modeling complex hazard functions. In one
of our work, we have extended their study by in corporating the Bayesian learning of network
parameters[22].Additionally, for censored subjects, we used Kaplan-Meier[23] hazard probabilities in
their ANN output nodes. In this study, we proposed a different approach to survival modeling without
the Kaplan-Meier estimates. Our model providesaccurate survival predictions compared to [21] and
other conventional methods like linear Poisson regression and generalized estimating equations
(GEE). This has been demonstrated with lung cancer patient data taken from Surveillance,

Epidemiology and End Results (SEER) program.
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The modelperformances have been evaluated using root mean square error (RMSE), meanabsolute
error (MAE), mean percentage error (MPE), and relative squared error(RSE). These error

measurements help in assessing different aspects of prediction accuracies.

A.METHODOLOGY

Let T be the survival or the follow-up time for subjects i=1,2, ... ., N where T =min {Survival Time,
Censoring Time}, and xbe the covariates. Let's assume that there areRnumber of competing risks,
which causes the subject to observe the same eventof interest [24]. Then, (8) defines the hazard function

for the rthrisk,

ALt X

. Pt<T=t+At,R=1rT=2tx (8)
= lim

At07 At

The corresponding survival and the probability density functions are given by(9) and (10).
t

SLx=cip—A..unxdn, (9)
0

and
ftx=A..ux,Stx, (10)

1 =1
LX=FArnuwx
independent observations, assuming non-informative censoring, the likelihood function L can be

where A for each individual with R possible competing risks. Thus, for

writtenasin (11),

il
L= ]:[f{r,-|x;}ﬁ=5:r.-|xf)’—ﬁ-'

1
Y AC. E, x,) B

e =2 e (j{: AC,u, xp)du )’

where 0, is equal to 0 if the subject i is censored and 1 otherwise. Under the piecewise constant hazard

model, the follow-up timeT is divided into several disjoint timeintervalsa0, a, , ... ., a, where a,= 0 and

a, = coand the hazard function for " risk is assumed to be constant during the j" time period a.,,aj.
. R : . .

Hence, we have,A.,t,x,=A.,],x,whereA.,t,x,= =1 AT, J- X for each subject. Then, the

modified likelihood function can bewritten as in (12),
L
N ; &
1_[ [ (G %))
=1 exXp (Z 1'1( f:xi}ru)

- ]_H_[ (AC.J x)t )
n_ Jrl 6“ Ulexp("l( Jl z]Tu)

T

=1 "iF

(12)
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where,
O; = 1. if the i subject is deceased during the j®interval 0. otherwise

J; 1s the last interval that the subject 1 is observed and
T; 1s the corresponding exposure time which is defined by.

O = &_q5: 116 = g,
b =4t — -1, ifg,_; <t; < q
0, Iftl < aj—l

The kernel given in (12) corresponds to the likelihood of a Poisson random variable 8, with a mean p; =

. By applying the logarithm on both sides of this, we get,
log(p;; ) = log(AC., j, x1)) + log(zy;) (13)

We canmodel, & ., j, x;in (13) with a Poisson log- linear model of the form log A ., j, x,= o, + x; B as given

A3 X

in [25]-[26]. Nevertheless, this approach has several difficulties in handling large number of dij

observations which mightarise with substantial amount of subject data or/and longer follow up.

B. The Proposed Bayesian ANN Model
In this study, we introduce a Bayesian artificial neural network model to predict A, j, xi in (8). This new
ANN model has several output nodes, each of which corresponds to a different time interval. This

structure is similar to the ANN model used by Mani etal. [27].

C.Data Preprocessing

We begin with the data preprocessing procedure. Let's assume that there are three subjects, namely A, B
and C and they have been observed for J number of years. Information on their risk factors x, and x, ,
survival time and whether they are deceased or not during the given period are known. In particular, we
have considered two competing risk types, R, or R,, for each subject, where they can decease due to one
of that reason. The "censor" variable indicates whether a subject has lost follow up somewhere during
the study period or has been alive until the end of a study. Hence, for all deceased subjects during the
study period, it is set to be zero. As can be seen, subject A and B have decreased due to risk types, R, and

R, after 3 and 4 years, respectively. According to Table 1, subject C has lost follow-up after 2years.

Subject [x;|xX, Slu-‘.-'n-'al Risk Censored
Time Type
A 10 3 R, 0
B |1]1]| 4 R 0
C 11 2 R; orR; 1

Table 1.Sample data
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Table 2.Preprocessed data

The new ANN model requires data to be represented as in Table 2. Since, there are four inputs,
covariates X, and x, and two indicator variables R and R,, we need to create an ANN with 4 inputs.
Censored subjects like C, can be exposed to any of the competing risks and hence, his/her information is
presented twice into the model as given in Table 2. If we assume a constant hazard for each year, then
there are J number of output nodes in the ANN. i.e., if a subject is alive or censored, then hj =0, if a
subjectis deceased, thenh;= 1, 0, subjectis alive or censord

th
h; = 1, subject 1s decreased 1n thej time interval

D.Network Training
The hyperbolic tangent and exponential activation functions are used in the new ANN model in its
hidden and output layers. The process of developing an exponential activation function is related to the

nonlinear Poisson regression model [28]. The proposed ANN structure is represented in Fig. 2. The

network output, y j 1, X, gives the hazard for eachtime interval j, as in (14),

y(jlr.x) = (r,j,x)

= exp b}l.f]
&
(2) (1)
- Z Wy, tanh (bm
hi=1
d
+Zb}j‘x,) : (14)
= \

where j=1.2 ... .., ]. Moreover, x, ... X are e inputs, and Wy and wy, are the hidden
_ 1 a
and output |ayer weights.

e
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Fig.2.The proposed ANN model

We have used both ML and Bayesian approaches when training ANN models. A zero mean Gaussian
prior has been used for the weight distribution with the Bayesian approach. During the training process,
we minimized the regularized canonical error function given by (15), where a is the non-negative
weight decay parameter. As per [29], we trained several ANN models with weight decay values with
{0.01,0.025,0.5,0.075,0.1}.

J
s Z (hj- log(y(ilr,x)) = ¥, ?'.-’fs)) Tij
i=1=1
K d
2NN @ +02) s
I K
+) ) () + ()

j=1h=1
In the ML approach, we used a 5-fold cross- validation technique to find the optimal number of hidden

nodes for each network. The optimal network for each decay value is chosen based on the minimum
average validation error, and that is used for hazard predictions using the testing data. Automatic
relevance determination prior is used to determine the relative importance of the risk factors. When
using the Hybrid Monte Carlo (HMC) [14] and Hybrid Bayesian methods[28], we used a 5000 burn-in

period, prior to sampling.

I
5iG) = exp( = D y(jir,x) (16)
1=t
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The corresponding survival probabilities are obtained using (16). We evaluated the models using
several error measurements calculated based on the predicted median survival time and the actual

survival time of the non-censored subjects in the testing data.

E.The Lung Cancer Data

Male Female
Cause of Death
Lung 13029(645%) 10303(58%)
Other 2724(13%) 1928(11%)
Censored 4767(23%) 5511(31%)
Age at Diagnosis

45-49 years 635(3%) 705(4%)

50-54 years 1320(6%) 1161(7%)
55-59 years 2206(11%) 1747(10%)
60-64 years 3208(16%) 2515(14%)
65-69 years 3757(18%) 3127(18%)
70-74 years 3723(18%) 3086(17%)
75-79 years 3187(16%) 2837(16%)
80-84 years 1793(9%) 1826(10%)

85+ years 691(3%) 738(4%)

Stage of the Cancer

Localized 5536(27%) 5525(31%)
Regional 7028(34%) 5816(33%)
Distant 7956(39%) 6401(36%)
Adeno 9162(45%) 10056(57%)
Squamous 8492(41%) 5054(28%)

Large Cell 917(4%) 691(4%)
Small-cell 1949(10%) 1941(11%)

Total 20520 17742

Table 3.Lung Cancer patient Information

In our study, 38262 white lung cancer patients diagnosed from 2004 to 2009were selected from the
Surveillance, Epidemiology and End Results (SEER) program [30]. Out of those patients, 23332
subjects were deceased due to lung cancer and 4652 were deceased due to other causes. The remaining

were considered as censored due to their missing information or lost in the follow-up.

Four risk factors were taken into consideration: age at diagnosis, tumor size, histology, and the stage of
cancer. The majority of patients were between the ages of 65-75 and many of them had distant
metastasis (refer Table 3). Most of these patients were diagnosed with a deno or squamous cell
carcinoma. The median follow-up time for males and females were 1.33 and two years respectively.

The median tumor sizesfor those two groups were about 38 mm and 32 mm.
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Our preliminary analysis confirmed the fact that the survival times between males and females to be
significantly different from each other, as similar to [31].Therefore, we conducted two separate
analyses for the two groups. To develop the piecewise constant hazard model, we partitioned the total
follow-up time into six disjoint intervals, each with a 12-month period. For our analysis with GEE and
ANN models, we have used SAS and MATLAB.

II1. RESULTS
For both males and females, we created a training data set (70%) and a testing data set (30%). The
training set was used to train the models while the testing dataset was used to evaluate the prediction

accuracies of the proposed models.

Risk Factor | Parameter | Standard | 95% Confidence s Pr>fZ|
Estimate Error Limits

Intercept -2.4794 | 00571 |-25913] -2.3676 | -43.45 | <0.0001
Tumor size 0.0044 0.0002 |[0.0040| 0.0049 | 188 | <0.0001
Age 50-54 0.0266 0.0625 |[-0.0960| 0.1491 | 0.43 0.6707
Age 55-59 0.0545 0.0584 |-0.0599| 0.1690 | 0.93 0.3503
Age 60-64 0.1274 0.0556 | 0.0185| 0.2363 | 2.28 0.0219
Age b>-69 0.1309 0.0546 | 0.0239 | 0.2379 2.4 0.0165
Age JO-74 0.309% 00542 | 0.2037 | 0.4161 5.72 <0.0001
Age75-79 | 0.3622 | 0.0545 |0.2554| 0.4685 | 6.65 | <0.0001
Age BD-84 0.5036 0.0565 | 0.3929| 0.6144 | 8.91 | <0.0001

Age B5+ 0.7313 0.0643 | 0.6053 | 0.8573 | 11.38 | <0.0001

Hist. Largecell | 0.3149 0.046%9 | 0.2230| 0.4067 | 672 | <0.0001

Hist. Small-cell | 0,3908 0.0289 | 0.3341 ]| 0.4475 135 | <0.0001

Hist. Squamous | 0,1832 0.0222 |0.1397] 0.2267 | 8.25 | <0.0001
Stage Distant | 1.3825 00268 | 13299 1.4351 | 5154 | <0.0001

Stage Regional| 05644 0.0272 [ 05111 | 0.6177 | 20,74 | <0.0001
t 0,1436 0.007 0.1298 | 0.1574 | 20.39 | <0.0001

Table 4.Analysis of GEE parameter estimates: males

Poisson regression models were not able to capture the true variance of the data as revealed by its
deviance and the Pearson chi-square statistics [32],due to being susceptible to correlated observations.
Poisson models with over dispersion parameters and negative binomial models resulted in the same
conclusion. Hence, an alternative method, generalized estimating equations (GEE) model has been

considered.
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Risk Fartor  |Parameter| Standard | 95% Confidence 7 Pr=|Z|
Estimate Error Limits
Intercept -2.1196 | 0.0571 |-22315| -2.0076 | -37.1 | <0.0001
Tumor size 0.0028 | 0.0002 | 0.0024| 0.0032 | 15.21 | <0.0001
Age 50-54 0.0410 | 0.0614 |-00793| 0.1613 | 0.67 | 0.5041
Age 55-59 00396 | 0.0576 |-D.0732| 0.1525 | 069 | 0.4915
Age 60-64 0.0868 | 0.0553 |-D0216| 01952 | 157 | 0.1164
Age 65-69 00003 | 0.0548 |-p0171| 01977 | 165 | 0.0995
Age 70-74 0.2664 | 0.0545 | 0.1597| 03732 | 4.89 | <0.0001
Age 75-79 0.3601 | 0.0551 | 0.2521| 0.496%0 | 6.54 | <0.0001
Age B0-84 0.4971 0.0575 | 0.3836| 0.6107 | 8.58 | <0.0001
Age B85+ 06319 | 0.068 | 0.4985| 0.7653 | 9.29 | <0.0001
Hist. Large-cell | 02131 | 0.0415 | 0.1311| 02952 | 5.09 | <0.0001
Hist. 5Small-cell | 0.3452 | 0.0304 | 0.2856| 0.4048 | 11.35 | <0.0001
Hist. Sqguamous | 0.1293 0.0192 | 0.0915| 0.167 | 6.72 | <0.0001
Stage Distant | 12672 | 0.0251 | 1.218| 1.3165 | 50.41 | <0.0001
Stage Regional | 04875 | 0.025 | 0.4384| 0.5365 | 19.49 | <0.0001
t 0.1023 0.0072 | 0.0882| 0.1164 | 14.25 | <0.0001

Table 5.Analysis of GEE parameter estimates: females

Using GEE, we created two different statistical models for males and females, which are given in
Tables 4, and 5, respectively. We can see that, for each 10 mm increase in the tumor size, the hazard rate
for males increases by 4% and by 3% for females. In general, as patients get older, their lung cancer
hazard rates get increased. Furthermore, we can see that the patients diagnosed with small cell
carcinoma have the highest hazard compared to other histology types. For males, their hazard is 48%
higher than the patients with adeno cell carcinoma. For females, it is about 41%. Over time, the hazard
rates seem to increase rapidly for males than females. Applying these two models, we were able to
predict the hazard and to obtain the corresponding survival probabilities for our lung cancer testing

data.

Data
Count
GEE 4,0986 | 3.5155 [8.4539 (-2.5349 4659
Alpha ML 2.3253 | 1.6900 |2.7210 (-0.6645 4659
0.01 HMC 1.4942 | 1.1106 [1.1237 (-0.1423 4659
Hybrid | 1.4658 | 1.0922 |1.0813 [-0.1480 4659
Alpha WL 2.2693 | 1.6412 |2.5916 (-0.6125 4659
0.05 HMC 1.4943 | 1.1106 [1.1237 (-0.1423 4659
Hybrid | 1.4655 | 1.0918 |1.0809 (-0.1483 4659
Alpha ML 2.2144 | 1.6174 |2.4676 [-0.5819 4658
0.075 HMC 1.4813 1.1008 |1.1042 |-0.1378 4p59
Hybrid | 1.4659 | 1.0913 (1.0813 [-0.1530| 4659

Male RMSE MAE RSE MPE

Table 6.Model evaluation for males
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Next, we created the ANN models with different learning techniques, ML and Bayesian. In each
situation, we created several ANN models by varying the number of hiddennodes from 3 to 13and also
used different weight decayvalues. As mentioned earlier, the optimal networks in the ML method are
selectedbased on the minimum average validation error. In the Bayesian approach, weused the
minimum of regularized cost function to find the best set of models.By using each optimal network, we
predicted the hazard and correspondingsurvival probabilities for the testing data. In order to evaluate
the predictionaccuracies of different ANNs and GEE, we used the actual survival times andtheir
predicted median survival times of non-censored subjects in the same dataset. For a better comparison,
we calculate several prediction errors, including the root mean square error (RMSE), mean absolute

error (MAE), mean percentage error (MPE), and relative squared error (RSE) as given in Tables 6 and 7.

Female RMSE | MAE | RSE | MPE i
Count

GEE 4.3146 | 3.8683 | 8.6342 | -2.9081 3568

Alpha ML | 2.5209 | 1.8927 | 2.9475 | -0.8038 | 3568
0.01 HMC 15926 | 1.1752 | 1.1764 | -0.3352 35638
Hybrid | 1.5899 | 1.1725 1.1734| -0.3465 | 3562

Alpha ML | 2.4737 | 1.8529| 2.8383| -0.7844 | 3568
0.05 HMC | 1.5933 | 1.1799|1.1775| -0.325 | 3568
Hybrid | 1.5894 | 1.1718| 1.1718| -0.3615 | 3568

Alpha ML | 2.4969 | 1.8700| 2.2916 | -0.7757 | 3562
0.075 | HMC | 1.5930 | 11780 1.1770| -0.3234 | 3568
Hybrid | 1.5895 | 1.1760 1.1720| -0.3255 | 3568

Table 7.Model evaluation for females

As per Tables 6 and 7, we can see that the Bayesian approach tends to provide better predictions
compared to both GEE and ML methods, for both genders. Although the predictions from Bayesian
ANN show negative MPE values, which indicates underestimations of the survival, that is significantly
less than of other models. The smallest error values were found with the Hybrid Bayesian approach
which was trained using a weight decay value of 0.05, for both genders. Further analysis on patients'
hazard survival was carried out using those two models. Fig. 3 depicts the variation in the survival
probabilities among males and females patients according to different tumor sizes while keeping the
other categorical risk factors in their mode categories. We can see that, as the tumor sizeincreases men

tend to have a lesser survival probability compared to females.

Fig. 3. Tumor size vs survival probabilities for females and males
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Fig. 6.Survival probabilities of males with different histology types

It is a known fact there is a significant variation between the hazard rates among the different histology
types for different genders. Fig. 4 represents the variation in the hazard rates we obtained from our
models according to the patients' age group and histology types, for both males and females. The left
panel of Fig. 4 shows the hazard for males with their histology types, adeno, large cell, small cell and
squamous cell carcinoma, respectively. The right panel shows the hazard for females for the same
histology types. Error bars were created to represent one standard deviation from our mean hazard
predictions. Unlike in the GEE approach, these error bars have not been affected by the underestimated
standard errors of parameter estimates. For all the histology types, males have a higher hazard than
females. Moreover, a higher hazard can be seen for the patients who diagnosed with small cell
carcinoma. In fact, this is the most dangerous lung cancer out of the four we have considered in our

analysis. Older patients show arelatively higher hazard in both genders.
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Males Females

Rank Alpha Risk Factor Alpha Risk Factor
1 0.4892 Tumor Size 0.2179 Distant
2 0.9462 Distant 0.5864 | Age Group 65
3 1.9458 Age Group 50 | 1.0550 | Age Group 55
4 2.4891 Regional 1.1020 | Squamous
5 4.8110 Age Group 55 | 1.6206 Large cell
& 5.7267 Age Group 80 | 2.1013 | Age Group 85
7 6.7499 Large cell 2.3808 Small cell
8 7.5830 Age Group 75 | 2.5596 | Tumor Size
9 11.1670 Age Group 70 | 3.2416 | Age Group 50
10 13.8046 Squamous 3.8491 | Age Group 60
11 16.9652 Age Group 85 | 4.6063 | Age Group 80
12 18.9110 Small cell 6.2623 | Age Group 75
13 550.3511 Age Group 65 | 6.3303 Regional
14 1097.8433 | Age Group 60 | 8.9294 | Age Group 70

Fig. 5 manifests the variation in the survival for different age groups, for the patients who diagnosed
with small cell carcinoma and adeno cell carcinoma. It further confirms the fact that patients with small
cell carcinoma have a significantly lower survival probability compared to the other group. This pattern

remains the same for all the age groups.

Fig. 6 represents the variation in the survival probabilities of males according to the age group and the
same histology types, adeno,and small cell carcinoma. Similarly, to females, we can see the same
survival patterns as for males. However, in overall, men tend to have lower survival probabilities

compared to females [33].

We used ARD prior toidentifying the relevant importance of the risk factors into the network. Table 8
summarizes the rankings of those risk factors based on these hyperparameter values. Risk factors with
smaller hyperparameters are highly contributing to the model outcome. Tumor size and distant

metastasis are the top two key factors which highly contribute to the Male ANN model.

For females, the most contributing key factors include the distant metastasis and being in the age group
of 65. These rankings confirm the fact that our findings have a faithful agreement between the true

nature of lung cancer survival.
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