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Approach to evaluation of correlation coding time
with software metrics

Laimonas Mikelionis

Kaunas University of Technology
Faculty of software engineering
Kaunas, Lithuania
Laimonas.mikelionis@ktu.edu

Abstract - This paper shows how time spent on software
developing correlates with metrics of software
engineering. This leads to analysis of metrics of
software engineering, what these metrics can describe
and how it can describe quality of software. This is
because each stage of software developing requires
time. This will lead to correlation between concrete
code metric and time spent on it. This paper describes
how time calculation could be improved and collected
data could be used for estimating projects in the future.
This leads to estimating development time based on
predicted value of metrics.

Keywords - Time, Software Quality, Software Metrics,
Estimates

I INTRODUCTION

The idea of this article was to check how time is related
with software metrics that are used by many companies
and developers. This research helps to check how to
evaluate your work, allows checking your developing
speed and etc. Main goal of this experiment was to find
connection between time and other basic software metrics
and to have a method to collect data for future
development and estimation. For this purpose the analysis
of software metrics was made. Explaining of what it is,
how to work with it and what advantages and
disadvantages it gives for developer/customer/company.
The experimental part is a description of improvement for
existing time estimate methods. The result allows checking
your developing speed, checking how the complexity of
the software changes in the period of time. With collected
data and estimated project size estimation of project time
can be made. This allows estimating project times more
accurate.

II.  DESCRIPTION OF SOFTWARE METRICS

Code metrics is one of the part of software engineering
process that describes software quality and complex of
software. As Linda Westfall explains “Software metrics are
an integral part of the state-of the-practice in software
engineering. More and more customers are specifying
software and/or quality metrics reporting as part of their
contractual requirements. Industry standards like ISO 9000

Eimutis Kar¢iauskas

Kaunas University of Technology
Faculty of software engineering
Kaunas, Lithuania
Eimutis.karciauskas@ktu.edu

and industry models like the Software Engineering
Institute’s (SEI) Capability Maturity Model Integrated
(CMMI®) include measurement. Companies are using
metrics to better understand, track, control and predict
software projects, processes and products.”[2]. This
statement describes how we should understand software
metrics, what it is and how it is implemented in such
industry standards like ISO 9000.

Nowadays customers can include software metrics in their
requirements because it may help to improve quality and
maintainability for software. But there is one of the
challenges for software metrics because there are only few
standardized mapping systems. This means that such
software metrics like lines of codes (LOC) does not have
standard measurement methods [2]. For instance, when
measuring the lines of code we should decide how we will
count them: “Do we count physical or logical lines of
code? Do we count comments or data definition
statements? Do we expand macros before counting and do
we count the lines in those macros more than once?”’[2].

Measurement What Are
Based .
Techniques | Software Metrics?
Applied
To

To

Processes, Supply Engineering &

Products & Management

Services To Information

Improve

This is an abstract statement as we cannot have only one
internationally accepted method for counting lines of code
for software.

Figure 1. What are software metrics? [2]

As this article talks about time and other software metrics
we must know how we can measure time for projects, for
example, engineering hours. This is also very hard to




calculate metric because there can be a question: “[...] do
we include the effort of testers, managers, secretaries, and
other support personnel” [2]. Although there are two
metrics that has concrete and internationally accepted
method to measure — it is McCabe’s Cyclomatic
Complexity and Function Point Counting Standard. It is
described by International Function Point User Group
(IFPUG).

When focusing on time measurement we should go
through some steps and make a model how we can
calculate the time and how we can connect it with other
software metrics. First, we must define customer.
Customer can be actual customer of software or one of the
software developing team. For example: testers, managers
or developers. We want to calculate time spent on
developing and it’s correlation to other software metrics.
This would be good for developers and managers.
Managers could give report for customer about time spent
on the software developing and progress of it. When
customer is identified we have to define our goals - where
these metrics results will be used and how. “Basili and
Rombach define a Goal/Question/Metric paradigm that
provides an excellent mechanism for defining a goal-based
measurement  program. Figure 2 illustrates the
Goal/Question/Metric paradigm.”[2]

Goal / Question / Metric

GCIi!l 1 Goal 2
Question 1 Question 2 Question 3 Question 4
..// / \ /'/
v &'/ ¥ ’ \('/
Metrics 1 Metric 2 Metric3 Metric4  Metric 5
[Basili-22]

Figure 2. Goal/Question/Metric [2]

In this case our goal is to measure each software development
stage time and how the code changes in measured time. This
article explains not only time as a software metrics but also
how it interacts with other metrics. We should choose what
metrics we would like to correlate with. Better and easier way
is to calculate: Lines of Code, McCabe’s Cyclomatic
Complexity and Function Point. These three metrics will be
correlated with time spent while developing software.

Software metrics, that needs to be measured and correlated, is
selected, but all metrics must have standard definitions [2].
Units how these metrics will be calculated must be selected.
For this step it is good to use standard units. Lines of codes are
measured by lines per file (class). McCabe’s Cyclomatic
complexity has his own algorithm of how it must be measured.

Functional Points, in other words, is just functions calculated
per file. Time must be measured in seconds.
There is an example of how time is expressed in other units,
also as a metric of software. Alain Abran described about
Halstead’s metrics. His article explains that “Halstead’s
Metrics are commonly known collectively as ‘software
science’ [1]. “Researchers have used them:

e To evaluate student programs and query languages
To measure software written for a real
time switching system,
To measure functional programs,
To incorporate software measurements
compiler, and more

e recently

e  To measure open source software” [1].
These metrics measurement principles and metrics are
included in number of current commercial tools that are used
to count lines of code. According to Alain Abran, Halstead
found a function how to express time as software metric.
Halstead defined that “The required programming time (T) for
a program P of effort E is defined as:

into a

E n;N;Nlog,n

S 2n,S

where S is Stroud number...[1]” “and the E is s defined as a
measurement of the mental activity required to reduce a
preconceived algorithm to a program P”[1]. N is sum of N;
and N2. And n is equal to n; + n,. Halstead defined that all
base metrics can be measured using these:”

* nl: Number of distinct operators.

e n2: Number of distinct operands.

¢ NI: Total number of occurrences of operators.

*  N2: Total number of occurrences of operands™[1]
This allows expressing required time as a function.
The Stroud number used in the function can be described as
“The Stroud number S, indicating the number of elementary
decisions per second, satisfies this definition. Stroud's number
has values between 5 and 25 elementary discriminations /
second, 25 being the upper limit of images people can
discriminate within a second.”[3]. Halstead make a description
of how the complexity of the software or program can be
measured by having “measurable properties of the program.
One of those properties is the language's vocabulary (number
of distinct characters and signs, or operators and operands).”
[3]. This gives definition about Stroud number. According to
Stroud, in software science Stroud number is set to 18.

III. AGILE AND STATISTICAL METHODOLOGY

Agile methodology has its own rules for measuring and
estimating time for software development. Differently from
waterfall method, Agile suggests doing all tasks in iterations.
Iterations are a time frame in which some stories (in Agile
stories means tasks) must be done. Length of iteration can
vary on team and company but usually it is two weeks. In that
time team/developer should finish the list of tasks that is



assigned for this iteration. Stories must have a point value
which represents difficulty of the story and time, which will be
spent while developing software. Usually, there is three point
scales: 1, 2 and 3 points. Each team/developer can choose its
own system to set these points. For instance, some of the team
estimates time for story using Fibonacci values: “so a very
small story will be one point, a slightly larger one, two points,
a slight larger one than that three points, then five points, eight
points, 13 points, etc.”’[5]. This helps to know how many
story’s points did the team finished in the iteration. At the
beginning of Agile all teams will fail. This is because they
have to do some of iterations and get a number of point values
of the story that can be done in iteration. For instance, if a
team at the beginning thinks that they can do 60 points in one
iteration, they will fail and do for example 40. Then next time
the team can predict point for iteration carefully and more
accurate. After some time, team can become good and
accurate Agile team. But this means that we know only point
for the story and how many points we can do in one iteration.
There is no meaning for estimates. There comes another way
to include time into Agile methodology and to estimate time
for the software development. The system can be called “ideal
hours”[5]. This can be described as “A team that estimates
using ideal hours thinks, "If we had no meetings, no
appointments, and no distractions at all, how many hours
would it take to finish this story?"”[5]. Then team will track
how many hours they have spent to finish the story and will
calculate their velocity for the next iterations. However, “ideal
hours” method is very optimistic but it never works. Typically,
real hours will be half of the ideal hours. Even best of Agile
teams cannot do better than ratio between real hours and
“ideal hours” more than 3:4 [5]. In this case, the time estimate
in Agile methodology can be done in many ways and it
depends on the team/developer which way they are going to
use. But when the team has velocity they can estimate times
for next stories/project very accurate. But this is quite new and
fresh Agile methodology. There is another way to estimate
times not using Agile.

The statistical method explains more about why it is not
possible to estimate time accurately:”

e The productivity and experience level of the
engineer, particularly if multiple people are involved

e PTO, Late arrivals, early departures, sickness, etc.

e Unforeseen defect and customer requests,
troubleshooting, challenges, system/environment
issues, software/library issues, learning and ramp-up,
design/architecture, required research, etc.

e The fact that software engineers notoriously
underestimate

e Unforeseen issues with maintainability, architectural
flaws/imperfections, scalability, performance,
testability, etc.

e Time associated with spikes, R&D, design,

architecture, mockup, prototype, POC, etc.
e  Administrative work and non-engineering related
requests”[4]

This reveals the problem that causes inaccurate time
estimation for software development process. Some people
think that “One may think that the only way to get a better
estimate of time and delivery date is to try to subtask and think
of everything up front, which involves more requirements
gathering and documentation, mockups, prototypes, UML
diagrams (sequence, use case, etc.), and so on.”’[4]. This
method is opposite to Agile. This method is also wrong
because of requirements. They can change before
development start, for example, on testing level, on beta test,
etc. This will lead to an inaccurate estimated time. Time
estimate is very important in software engineering and it may
cost a lot. There is theory that developers spent 5% of their
time working with task related with estimating the time. It can
cost for developer/company/team a huge amount of money.
How can we get rid of problems with inaccurate estimates but
not use Agile? There is another approach. As Alex Castrounis
described “that I use for characterizing the relative size of
development tasks is a variation of the tee-shirt sizing method.
Each task is given a relative size corresponding to five tee-
shirt sizes, along with a very rough lead time estimate (for a
single developer) as shown.

e XS: Half day or less
S: Half day to one day
M: Two to three days
L: One week
XL: One to two weeks
”[4]. Tasks longer that two weeks must be split into subtasks.
This will lead to more accurate estimation of time and also
more data collected to statistical methods, which will help to
improve accuracy of estimate by using history of tasks with
the same size.
Similar research to this article has been made by Wolfgang
Holz, Rahul Premraj, Thomas Zimmermann, and Andreas
Zeller. They made an assumption that they can predict
software metrics by includes in the code [6]. They used 89
Eclipse plugins and made a predictor — a prediction software
that predicts metrics. For example, this program can predict
source lines of code by includes in the code. This prediction is
made by using machine learning algorithm. They give a lot of
data to analyze and predictor is learning. After that they ask
him to predict software metrics for next project by number of
includes. As mentioned in this article, this can be
improvement for existing methods. In predictor method they
can predict metrics and this described method can show
correlation between metrics. Then predictor methods can also
predict time for development. For example, if they predict that
software size will be 10000 lines of code and described
methods show that developer can write 10000 lines of code in
2 weeks then estimate for the project can be made.
There is also another model that can be used for predictions
and estimations — COCOMO [7]. This method is also
theoretical and can estimate efforts, duration, size and etc. of
the software. This leads to the same conclusion as mentioned
above. We can make prediction of how many lines will be
used in the code, according to: inputs for the software,
predicted number of lines of code, requirements type, methods



and etc. This can predict duration and efforts of software, but
it is in theoretical approach. COCOMO method can be
connected with the method described in this article, using data
collected through time, and using statistical methods - more
accurate estimations can be done. This is because real
practical data is more accurate than assumption.

IV. DATA FOR THE METHOD

Method that is going to be described in this section is a
suggestion for existing methods, as an improvement for
correct time estimates, and correlation between other software
metrics. Method is based on both previously described
methodologies — Agile and statistical. The idea of this analysis
is to collect data from previous task and to make a calculation
to try to estimate next project/task/story time.

It is a part of statistical method because it is using time values
for stories/projects or files and tells how much time you have
spent on other projects, task or file (project class file or etc.).
This will allow collecting data and using statistical methods
and some calculations predict time for next project.

Agile methods come here too. As described above, Agile is
based on giving stories (tasks) point and knowing how many
points developer/team can complete in one of iteration. So
from some perspectives this is also based on statistics. If in
Agile, developers give stories’ points; in this method other
software metrics can be assigned to the story. For example,
task is to write function to get data from database. Method can
calculate time, cyclomatic complexity and functional points
for the story and save it into database. Next time when similar
story comes, collected data can be analyzed and estimation for

ClassName — concrete file in which we are going to write
code.

TimeSpent — calculated time for how long developer was
working in this particular class.

CyclomaticComplexity — this metrics must be calculated using
some methods and function or some third party software. But
this should be done in IDE while working.

FunctionalPoints — this metrics, also as cyclomatic complexity
must be calculated using methods or software.

DateTime — date and time when the record was inserted.
TaskNumber — if task/story that we working on has number it
can be saved also here to map data for story. This allows you
to map multiple records in database to one story/task.
LineOfCode — this also must be calculated using some
methods or software.

Best practice to collect data is to develop extension of
software development IDE and make it automatically collect
data for specific tasks. This will lead to correct data and better
accuracy in analysis stage.

When data is collected there can be time calculated that was
spend on that task that we have in the database. This allows to
sum all time. Then, exact time which was spent on the story
can be entered in project management system. This will give
some statistical data for future development. If the task for
example is rejected or must be done in another way there can
be an estimation made based on previously collected data.

V.  THEORETICAL EXPERIMENT

Let’s assume that we have several lines in database. For
example (Table 2):

a new story can be made. In that time, accuracy of estimation
can be improved because every time when the story is
completed new data comes to the database. « o O
For this method there is some data that must be collected to A Z 3 g O || B z | ©
make method work. It is described in the table below (Table 1). | = | & © Q=R =4
0 | Test |Classl | 15 |2 2 02/02/16 | 1 54
E‘ 1 Test | Class2 |25 |1 1 01/02/16 | 2 36
ol o] o = é 5 o 2 | Test |Classl | 5 3 1 03/02/16 | 1 40
Data £ g § g &Cj g g g 3 Testl | Testl |26 |2 1 04/02/16 | 11 | 69
type\Colum | 8 % z| 9| Q| & '% 2 c5 4 Testl | ClassS | 105 | 5 4 94/04/16 7 105
A name 2| 2| 8| % g g1 % Table 2. Example data to explain method
£ 9| & §| g e 3
E ~ According to this data, we can check that there are two
O projects that were worked on and few different classes. There
can be several conclusions done by this data.
© First, data of several tasks are in database. This means that we
=) can measure software metrics and time for these tasks. We can
EED e | e % see that for task number 1 there are two records. For the first
f‘é é é 2 2| s g 2| & time developer added some code which is 54 lines length,
- RN IR B AN B cyclomatic complexity is 2 and number of functional points is

Table 1. Data that must be collected for methods.

As we can see by the data description in the table there is a lot
of metrics that must be selected.

ID — it is unique identifier for record in the database.
ProjectName — every story/task depends to project.

2. Then developer did some changes in the code. After those
lines of codes decreased by 14 lines, cyclomatic complexity
has increased by one and functional points have decreased by
one. There is really important to check datetime value in
database, because latest data is the real one. Other one is
change history but it helps to see time and other software




metrics changed through development. Below there is
example how data can be used for statistics (Figure 3).

Time and lines of code

0
54 75

Lines of codes

N
o

[y
o

Time, min

Figure 3. Time and lines of code correlation

Cyclomatic complexity
and time

- . . E(lassl
2 3

Cyclomatic complexity

N
o

Time, min
=
o o

Figure 4. Cyclomatic complexity and time correlation

So for class Classl whole time spent is 20 minutes and the
total line of code in that file is 75. We can do prediction that
this will also work with other software metrics and data.

VI. RESULTS THEORETICAL OF EXPERIMENT

As we can see in the diagrams there is quite easy to see how
software metrics is changing by the time spent for the
project/task/class. This means that when we have big amount
of data collected we can calculate time. Next time when task is
given, by the requirement we can predict such things as
cyclomatic complexity and by that estimate time for task and
etc.

10

VII. CONCLUSIONS

e Analysis part shows that there are a lot of methods to
estimate time for tasks/project but the accuracy of
these methods are different.

e Each project management methodology has its own
methods to estimate time for the project and check
correlation between other software metrics.

e Improvement for existing methods can help to
estimate time for project/task more accuracy and this
will help developers/teams/companies to save a lot of
time and money.

e Using already existing methods to estimate software
size and connection with described method statistical
data can lead to very accurate estimation for the
project time.

e  Software must be developed to prove this theoretical
example.
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Abstract — Paper describes designed and developed centralized
network access control system based on time (temporal) and
location (spatial) information — an extended RBAC model. RBAC
model extensions also are related to system functioning in
wireless network specifics. The system allows to distribute access
rights to the wireless network users based on the location and
time of network access, authorization result for network user
depends on actual location and current date/time. The system
supports Radius protocol, which provides compatibility with
various network devices. System has modular architecture that
makes it easier to extend or replace existing functionality. System
operations are described using context and sequence diagrams.

Keywords — Radius; STRBAC; Centralized; Wi-Fi; Wireless
network; access control; RBAC; location based authorization; time
based authorization;

I. INTRODUCTION

Nowadays wireless networks are widespread and
their usage is steadily increasing [1, 2]. Wireless networks are
used privately, at home, at public areas (shopping malls,
restaurants, outdoors), in the educational and administrative
authorities and etc. The spread of wireless networks increases
a prevalence of hacking or unauthorized access risks, thus
complicating an access control. Access to wireless networks is
not always properly protected, secured and managed [3].

Widespread of the wireless networks and wide usage
of the mobile devices creates the need for such applications
and services that can use time and location information to
improve their existing functionality. For example, in the
university during exams there would be convenient to have the
possibility to deny access to the wireless network for the
group of students who are passing exam only for the
classrooms where exam is hold. At same time the access
restrictions would not be applied for the lectors in the same
classrooms. The access control can be accomplished even if
students and teachers are connected to wireless network via
same access point. The software can be useful and for
business entities, i.e. hotels providing wireless network access
for certain customers in the hotel rooms. Similar type of
functionality can be useful or even important for the
restaurants, banks, various public events and areas with the
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requirement to allocate access to wireless network by location,
limiting area of permitted access for relevant users, including
allowed access time information. User location information
and connection time can be used to improve protection of
network access control.

To support above mentioned functionality it would
be required more complex access control systems. There is
growing need to modify existing access control models to
support advanced features.

One of the most commonly used practices for the
standard access control implementation is based on the role-
based access control (RBAC) model [4, 5]. Using this model,
a role is assigned to each user, and then permissions are set to
each role. In such case different users can have different
access rights.

There are several extensions of the RBAC model that
allow including of the additional information about the users
in the process of the authorization [6-9].

There are various studies and researches that focus on
possibilities of RBAC model extensions [10, 11]. In these
studies, authors make focus on the RBAC extension on the
conceptual level, but in the most cases they are not providing
at all or providing very little information about how the
following models should be adopted to the different
environments or integrated with other systems, i.e. the model
adaptation to use with the wireless network.

Further in this paper similar other researches are
discussed in chapter II. The architecture and basic principles
of our implementation of the centralized access control system
based on STRBAC model are described in chapter III. Testing
process of the developed software and further work required
for the system improvement, including parameters
optimization tasks are specified in chapter IV.

II. RELATED WORKS

Similar researches have been executed by Yue Zhang
and his team. They offer RBAC model extension with time
information (called “Generalized Temporal Role Based
Access Control - GTRBAC”). In the research work of



Abdunabi and authors RBAC model was extended with space
and time information, then it was used in smart phone
application “iMedik” [12, 13]. Further these two case studies
will be discussed.

A. Deployment of the GTRBAC model

Yue Zhang and James B.D. Joshi studied security
issues of the various resources and were trying to extend
regular RBAC model with temporal information. They
proposed additional RBAC model extension which supported
rules and authorization based on the temporary information.
Studies have shown that such functionality and features
greatly facilitates system administration. However, GTRBAC
model quite rarely is used in real environments, because of
complexity in the implementation stage. Authors have
mentioned, that GTRBAC model has a lot of constraints,
which should be taken into account and makes implementation
challenging and complicated, especially when it is applied to
the real world environments.

In GTRBAC model we can distinguish the following
variable constraints:

e Time — the ability to assign permissions or restrict
user actions by the time. For example, the
employee’s working hours are from 9 am. to 5 p.m.
At these time employers can use system resources,

after work hours the system will deny access.

Periodicity — the possibility for the periodical
authorizations or restrictions. For example, an
employee uses the system only on Mondays. On
other days access might be restricted.

Quantity or quantitative restriction — allows to set the
number of how many times the certain resource or
service can be used.

Above mentioned constraints define restrictions,
which are used for the allocation of allowance. Using
GTRBAC model co-authors have developed a prototype
system, which allows to distribute permissions and restrictions
depending on the temporal information. However, user
location information usage for RBAC model was not
discussed.

B. GSTRBAC model usage in mobile application “iMedik”

Ramadan Abdel Nabi and co-authors were solving how to
improve private information protection of clinic patients.
Doctors in the clinic used mobile and handheld computers with
“iMedik” application which allowed to observe personal
information like disease description, home address and etc.
However, there was a problem — how to protect patients’
personal information in such a way, that doctors could reach
personal data of the patients only in the clinic place and only
during working hours. Doctor can lose a mobile device with all
patients’ personal data (online data can be saved), and any
other ineligible person who will found lost mobile device
would be able to access patients’ personal information and use
it by his own needs. Traditional role based access control
models, such as RBAC does not solve such problem.
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The authors’ proposed solution was GSTRBAC model that
takes into account not only the user’s role, but also the location
and time information. During the attempt to reach personal
information of the patient, the time and location of the doctor is
being checked. If the doctor or other person finds the lost
mobile device and attempts to access the patient’s information
outside the clinic or after working hours he would be blocked.
To identify location of the user, authors have used GPS
coordinates. Therefore, GPS is not the best solution for
location determination inside buildings.

III. DEVELOPED SYSTEM DESCRIPTION

The main system goal is to improve the wireless
network authorization process by allowing to authorize
network users depending on their location and connection
time. The user location is obtained by other external system.
To achieve that it was decided to use RBAC model concepts:

a) By extending RBAC with the location and time
information;

b) By evaluating if extended RBAC can be applied
on the functions of the wireless network specifics;

A. Spatio Temporal Role Base Access Control (RBAC) model

The RBAC model extended with time and location
information (STRBAC) is shown below in Fig. 1. The
components of the model are:

e User — a person or device that will use the system.

e Role — right or responsibility that is assigned to the

user (e.g. any work function in the organization).

Permission — right or permission to perform an action
with an object or resource.

Time information — extends the role or permission
with time information that allows configuring
permissions or restrictions for the user actions
depending on the time.

Periodicity — allows configuring restrictions or
permissions periodicity (e.g. on each Monday).

Location  information allows to configure
restrictions or permissions depending on the location
of the user. The user’s location is obtained by another
system, which informs developed system by
providing to it exact room name where user is
located. For example, the user A is in 302 classroom.
We know that the 302 classroom is located on the 3™
floor. So it can be said that location detection
supports x;y,z coordinates.

Using such model each user is linked with a certain role
(permissions), which is then linked with time and location
information. In addition, such permissions may be
periodic, e.g. user A can use resource R/ every Monday at
2 p.m. from location LI.
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This model allows dividing users into groups (roles), where
each group is linked with the specific access rights. Moreover,
permissions are linked with permissive access, time and
location information, as well as the periodical permits. For
example, employees who belong to group G/ will be able to
use the network from the place L/, only on Mondays and on
Fridays from 8 a.m. to 5 p.m. The access on all other days will
be denied. However, the group G2 members will be able to use
the network from L/ on any day.

B. Developed system functinallity

System management is made through a graphical user
interface, which allows:

1. Manage network users. Network user management
includes: creation of the user, user personal information
editing, deleting existing user.

2. Manage user groups. Management of the user groups
(groups corresponds to roles) includes: assign or
remove a user to or from one or more groups. Creating
new or deleting existing group, changing group
description. Group management includes linking of the
group with permitted network access places and time
profiles. Each group optionally can be linked with the
notification template.

3. Event log. System tracks all important events such as
administrator actions and system actions, including
actions of the network user (authorization, accounting,
disconnecting), sent notifications and other information.
Event log is provided within graphic user interface with
search and different filters features. On each log event
it provides additional information about events, such as
why the network user is prohibited to grant network
access or why the user has been disconnected from the
network.

4. Update of the building, location plans or places.
Location information of the network users is requested
from other external system (positioning service). In
order to ensure smooth communication between
developed authorization and positioning systems,
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building plans in both systems should be synchronized.
If the location maps (contains all buildings, floors and
rooms) are updated in positioning service, then they
should be synchronized with the developed
authorization system. This action can be triggered from
graphic control panel and processed automatically.
Update of location maps in developed system consists
of removing the outdated locations and downloading,
updating, saving the updated ones. Such process
ensures that location objects in both systems are
synchronized.

5. Manage time profiles. Time profiles management
consists of creating a new profile, editing current profile
and removal of existing profile. Time profiles enable
identification of permissive connection time range and
weekday for the certain location. The system allows to
link different time profiles with multiple locations
which are also assigned with certain group. For
example, the group G/ members are allowed to use
network from room R/ only on Mondays from 9 a.m.
To 5 p.m., and the G2 group members are allowed to
use network from the same room all day long.

6. Manage SMS notifications templates. System
provides notifications via SMS, custom notification
template can be defined for each supported notification
type. SMS notifications can be sent to the system
administrator providing important information or to
certain group members providing relevant information.
Each location assigned to the group can have different
SMS notification. For example, user U/ is a member of
group G/. Notification template 77/ is assigned to room
RI and G1. When user Ul will be granted to access the
network and his location would be RI, he will get
notification T'/. It is possible to determine notification
by type. The notification message can be sent when user
gets right to access the network. Another notification
can be sent when user is disconnected or user is
connected from the specific room.

Above listed system features allows to have user
groups, that could be assigned different access permissions
with the exact location and time profile. Each network user
can be assigned to one or more groups, location and time
profile can be assigned to each user group.

Network user authorization process is fully automatic
and does not require any action of system administrator.
This process is explained in more detail in chapter III
section D “Network user authorization process”.

C. System architecture

The system has a modular architecture where
functionality can be easily extended or improved.

System was developed using Java DAO (Data Access
Object) pattern [14], which allows to separate system business
logic from database layer. The pattern also helps to reduce
system maintenance or replacement costs.



In order to migrate existing database vendor to other,
Hibernate technology was used. It ensures a smooth migration
to the supported databases.

System context is shown on Fig. 2. It shows system
business processes. The developed system components are
marked in gray. Data between the sub systems (system
management subsystem and control sub system) is transferred
using RMI. Communication between target network devices,
routers or access points, user authentication subsystem is
organized by RADIUS protocol.

The system communicates with the SMS notifications
messaging service via HTTP POST requests.

We can distinguish 3 subsystems in the system:
1) Network user authentication subsystem;
2) The control subsystem;
3) System control panel with graphical user interface.

Network user authentication subsystem is responsible
for processing and analysing the RADIUS packets, network
user authorization process. Management subsystem is
responsible for users, user groups, locations mappings and time
profiles administration.

Location positioning service 1is responsible for
obtaining user location and providing it to our proposed
authorization system. By now instead of the location system its
simulator is used. Authorizaiton system communicates with
location positioning system simulator via RMI. In the future
proposed system can be tuned up (implemented) to work with
real positioning service and communicating for example via
HTTP requests or in other way. Today there are different ways
to obtain indoor user location. For example, Wi-Fi based
positioning system (WPS) [19], Received signal strength
indication (RSSI) [20] and other ways [21, 22].
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Figure 2. “System context model”

Control subsystem consists of client and server sides. Client
side delivers the graphical interface, which provides functions
for system management (system control panel). Server side
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includes all functionality which is required to ensure system
smooth work.

The control subsystem and system control panel are
physically separated and may be running either on the same
system node or on the different one.

Main users of the developed system are system
administrators, which have a pre-configured account and can
access the control panel. Wireless network users can be
interpreted as non-direct system users. User credentials and
pre-configured access rules for network access should present
in the developed system, however users might not be aware of
the developed system in place, since they are not
communicating with the system directly.

D. Network user authorization proccess

The authorization process based on STRBAC model is
wrapped by Radius protocol. This allows smooth system
integration with the whole range of the different level wireless
network devices (enterprise level routers or switches, as well as
low level consumer equipment) which supports Radius
protocol (RFC-2866, RFC-2138) [15, 16].

Network user authorization and accounting process is
shown in a simplified sequence diagram (Fig. 3). System
responses to the network user are:

e Access-Accept.
e Access-Reject.
e Access-Accept with further user accounting

process.
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Figure 3. “Authorization process of the network users”



Initially, the network users connect to the wireless access
point in usual way. Then router requests developed system
authorization subsystem, to check if certain user can access the
network, by sending Radius “Access-Request” packet. The
authorization subsystem using control subsystem functionality
checks certain user username and password in the database. If
given user credentials are incorrect, system denies access,
sending to router - Radius “Access-Reject” packet, access for
given network user is prohibited. If the SMS notification is
configured and SMS sending in the user profile is allowed
(user has agreed to receive notifications via SMS messaging),
he will get SMS notification explaining why his attempt to get
access was rejected (Fig. 3, 1-8 steps in 1% authentication
sequence diagram case).

If during authentication phase user was granted to access
the network, system would provide accounting feature (in case
Radius Accounting feature is supported and enabled in the
router) (Fig. 3, 9-41 steps in the sequence diagram. Router
sends “Accounting-Start” request and system replies with
Radius “Accounting-Response”. Further periodically (time
interval depends on the router configuration) router will be
sending Radius “Accounting-Update” requests and on each
request system will check user location and time. If it will be
detected that location of the user or connection time is denied
by assigned time profile to the current user group, access to the
network will be prohibited. System will send back Radius
“Disconnect-Message”. This packet should trigger disconnect
of the appropriate user from the wireless network and inform
system about accounting end (Radius “Accounting-Stop”).
According to the configured notifications settings, user can be
notified via SMS about any event. For example, after
successful connection he can get an advertisement. If the
forced disconnect occurred (by the system) from the network,
he can get extra information why this has happened, i.e. room
which he entered is prohibited for his group.

Accounting feature is also important if existing Wi-Fi
network infrastructure is using Wi-Fi controller and fast
roaming feature. In this case accounting will help to track
clients migration and disconnect them from network if
required. For example clients do not do reauthentication when
fast roaming. Once authorized, client can move to different
building if it is covered by same network. But accounting
feature will check (periodically e.g. every 2m) client role
(group) and assigned permissions to this role (group) if it will
be noticed that this client using network at his group restricted
place or time, he will be disconnected.

IV. DEVELOPED SYSTEM TESTS AND FUTURE WORKS

System testing was performed by using NTradPing [17]
tool, which is designed to make and send a single Radius
requests.

Unit testing automatization was made by jUnit [18] library.
During unit testing individual system units and functions were
tested.
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Network user authorization process was tested using
combined functional testing with NTradPing tool and location
system simulator. For example, we can describe shortened test
scenario as further: during accounting session, in the location
system simulator user location was manually changing to
restricted area. Simultaneously system was checking if this
user was disconnected from the network. Time based
restrictions were checked similarly also. Functional testing has
been applied in order to test the graphical user interface
(control panel).

During integration tests, several router manufacturers
(D-Link and Mikrotik) were tested. All errors and inaccuracies
founded during testing were successfully corrected.

In future it is necessary to create the tool that will be able to
simulate the required amount of network users. Such tool will
help to perform a stress test for testing average service time of
network users when a lot of wireless network users are
connected.

In order to fully prepare system for the effective
functioning it is necessary to make following additional
experimental studies:

e To detect optimal Accounting and Authorization
service configurations, by analyzing servicing
times and durations (average and maximal) of
network users and finding correlation of those
times and number of user requests (system load).
Such study should show how long it may take to
authenticate a single user, depending on a number
of simultaneously connecting and connected to the
network users.

To identify minimal required hardware resources
that are required to run system.

Additional experimental studies might be required
to give recommended time interval value for the
Radius  accounting  requests in  router
configuration.

V. CONCLUSIONS

Centralized network access control system that allows
authorizing network users relying on their location and
weekday including time range of network access was
developed and described. System provides graphical user
interface that makes easier to manage users, user groups, and
their access rights. System fully supports Radius protocol.

RBAC model extensions related with location and
time attributes were offered and described. Model was
successfully integrated and adopted to the developed system.
System functioning in wireless network specifics was
estimated by processing only spatial area-type attributes.

The developed system can be used for institutions, various
other public places or organizations with the requirement to
separate access to wireless network by location, week days,
time information or to provide centralized expanded access
control. System is integrated with notifications via SMS
service, which not only informs network users or system



administrators about various system events, but also opens
unlimited marketing possibilities.

Functionality of the system was tested using the

location system simulator.

The future experimental studies should include

tuning up system parameters considering different system
users’ location and time, including different number of system
users.
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Santrauka — Pastarosios finansy Kkrizés ir besitesiantis
nestabilumas paskatino naujuy idéjy paieSka ir intensyvius
mokslinius tyrimus finansy rinky prognozavimo srityje. Naujausi
moksliniai tyrimai rodo, kad rinkos funkcionavimas néra
racionalus. Jas veikia ne tik ekonominiai ar socialiniai veiksniai,
bet ir investuotojy liuikes¢iai, baimés, intuicija, taip pat
manipuliavimas Ziniy srautais bei apskritai informacijos
ribotumas. Emocijomis gristas investavimas lemia nuostolius, o
investuotoju nuotaikas atspindintys indikatoriai gali padéti ju
iSvengti. Siame tyrime toks indikatorius panaudotas siekiant
padidinti investavimo j birZoje kotiruojama fonda efektyvuma.
IStirtos penkios skirtingos strategijos. Geriausia i§ ju leido
pasiekti 4,8 % pelninguma, kai tuo paciu laikotarpiu
indikatoriaus nenaudojant buvo patirtas 4 % nuostolis.
Rezultatai atskleidZia sialomy strategiju pranaSuma Dbei
investuotoju nuotaikas atspindin¢iy indikatoriy pritaikymo
galimybes finansy rinky prognozavimui.

Raktiniai ZodZiai — akcijy rinkos, anomalijy prognozavimas,
investuotojy liikesciai, dideli duomenys

1. IVADAS

Nestabilumas finansy rinkose ir kriziniy situacijy gausa
paskatino naujy idéjy paieska ir intensyvius  mokslinius
tyrimus finansy sistemy analizés srityje. Tarptautinés finansy
organizacijos ir mokslo atstovai atkreipé ypatingg démesj j
pastarojo meto finansinio sektoriaus nesauguma, klasikiniy
ekonomikos teorijy ribotuma, pabrézé finansinés informacijos
analizés ir prognozavimo mechanizmy tobulinimo svarba.

Nusistovéjusios ekonominés teorijos, pabréziancios rinky
efektyvuma neatitinka §iy dieny realijy. Rinkos kaina gali biiti
neteisinga dél gaunamos klaidingos informacijos (viena i§ 2008
mety krizés priezas¢iy — suteikti a uksti in vesticiniai reitingai
bevertéms obligacijoms). Naujausi moksliniai tyrimai jrodo,
kad rinkos funkcionavimas néra racionalus. Jas veikiane tik
ekonominiai, g eopolitiniai, s ocialiniai v eiksniai, bet ir
investuotojy  likesCiai, baimés, intuicija, taip  pat
manipuliavimas Ziniy srautais bei apskritai informacijos
ribotumas.

Visi Sie veiksniai yra skirtingi, tac¢iau veikia tiek finansy
rinky judéjima, tiek realios ekonomikos procesus, todél turi
biiti jvertinti prognozuojant galimas krizes.
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Finansy rinkos elgesys yra dinaminis procesas, kuriame
didesnio stabilumo periodus kei¢ia nervingi momentai, kuriy
metu Zenkliai sumazgja rinkos efektyvumas ir padidéja kriziniy
situacijy tikimybé. Todél finansy rinky efektyvumo kitimo
stebéjimas — labai svarbus uzdavinys, reikalaujantis integruoty
techninés ir fundamentaliosios analizés jrankiy, naujy
kiekybinio vertinimo rodikliy bei efektyviy vertinimo metody.
Tai salygoja intelektiniy modeliy karimo poreikj, metody
integravimo, modifikavimo, specializavimo  finansinéms
rinkoms blitinuma.

Investavimo sprendimai daromi jvertinant daug fakty, bet
daznai ne suvokiama, ka d s prendimo r ezultatg jtakoja daug
papildomy veiksniy, kuriuos biitina suprasti ir jvertinti
(naujieny srautai, politiniai interesai, socialiniai pokyciai,
investuotojy lukes¢iai). Rinky burbulai formuojasi del Sio
neteisingo ir nekokybisko informacijos srauto. Bitina sukurti
tokius rinky prognozavimo modelius, kuriais bty galima
patikrinti jtarimus, jog formuojasi kainy burbulas, ir nustatyti
kurie veiksniai jj lemia.

2013 mety Nobelio ekonomikos premija paskirta R. Shiller
[1](kartusuE . F amairL .P H ansen), ty rusiam f inansiniy
aktyvy kainy kitima ir pabrézusiam rinky iracionaluma.
Pastaroji finansy krizé leido kitaip pazvelgti i ekonominius
procesus, paneigti  klasikinj  pozitrj i savaime
susireguliuojancias ir racionalias rinkas. Tai atveria kelius
naujiems t yrimams, o  informaciniy technologijy pazanga
jgalina  Sivos tyrimus. Norint modeliuoti ir integruoti
tarpusavyje skirtingus veiksnius, butina apdoroti su jais
susijusius d idelius d uomeny kiekius, pavyzdziui naujieny
srautus socialiniuose tinkluose.

| Technines analizes rodikliai |

Naujieny srautai

| Finansy eksperty prognozés |

| Ekonominiai rodikliai |

1 pav. Finansy rinkas jtakojantys veiksniai



Vadovaujamés pozitiriu, kad finansy rinkos yra dinaminés
tarpusavyje  saveikaujanCiy  agenty  sistemos,  kuriy
modeliavimas ir prognozavimas remiasi kompiuterinémis
technologijomis. Sioje srityje tyrimai vykdomi jau daugiau nei
deSimtmetj (S. E.Page[17], W.Haanir K. L.Judd [ 18]),
taciau $iuo metu jgauna naujy formy. Atlikdami finansy rinky
prognozavimo tyrimus remiamés elgsenos ekonomikos (angl.
behaviour economics) pozitriu (G. Caginalp, V. Smith ir
D. Porter [13]). Siuo metu galime stebéti iSaugusj uzklausy
,bear market” ir ,market crash® kiekj paieSkos sistemose
(2 pav.). Pastarajj karta panasi situacija buvo fiksuojama pries
2008 m ety finansy kriz¢. Elgsenos ekonomikos poziiiriu tai
gali signalizuoti apie gresiancius neramumus finansy rinkose.
Tokio t ipo i nformacija galima panaudoti tikslesniam r izikos
lygio jvertinimui.

Bendras miisy tyrimy tikslas yra i$tirti iracionaliy veiksniy
jitaka finansy kriziy formavimuisi. S iekiame jvertinti rinkos
naujieny, socialiniuose tinkluose skelbiamos informacijos
bei apskritai investuotojy ltikes¢iy ir baimiy jtaka finansy rinky
stabilumui. Visi Sie faktoriai turéty buti integruoti | rinkos
prognozavimo modelius. Siame darbe tiriama, ar investuotojy
nuotaikas atspindis indikatorius gali padéti prognozuoti akcijy
kainy kritimus, sumazinti rizikg ir padidinti pelninguma.

Antrame skyriuje pateikiama finansy kriziy prognozavimo
modeliy  apzvalga.  TreCiame  skyriuje  analizuojami
prognozavimui na udojami i ndikatoriai. K etvirtame s kyriuje
apraSoma t yrime n audojama m etodika. Penktame s kyriuje
pateikiami tyrimo rezultatai

II. ANOMALINIY SITUACIJy PROGNOZAVIMAS

Siojed alyjep ateikiamatr umpa finansy kriziy
prognozavimo modeliy apZvalga.
Finansy krizés paprastai apibréziamos kaip dideli

vertybiniy popieriy kainy kritimai ar plataus masto finansiniy
institucijy zlugimas [4]. S . Claessensir M. K ose (2013)
pazyméjo, kad yra salyginai nesudétinga kurti kiekybinius
metodus valiuty kriziy prognozavimui, taciau banky ir skolos
kriziy prognozavimas paprastai r emiasi kokybine ir analitiky
nuomone grjsta analize [8].

Pirmosios kartos valiuty kriziy prognozavimo modeliai
rémési fundamentaliais ekonomikos rodikliais ir spekuliacijy
tikimybe. Pagrindinis démesys buvo skiriamas ilgo laikotarpio
pusiausvyros t asky nustatymui, fiskaliniam deficitui ir
monetarinei politikai. Sie modeliai valiuty krizes aidkino
prastomis vidaus makroekonominémis salygomis bei pabrézé
ry$j tarp spekuliaciniy ataky uzsienio valiuty birZose ir
makroekonominiy rodikliy. [4]

Susidoméjimas per laika

bear market d

| market crash

Saltinis: Google Trends
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2 pav. Investuotojy nuotaiky tendencijos
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Antrosios k artos m odeliaibu vo papildytis avaime
i$sipildanciy lukes¢iy komponente. Buvo daroma prielaida, kad
investuotojy likesciai gali i$8aukti valiuty krizes [3].

Treciosios kartos modeliai apjungé Zemus e konominius
rodiklius su prastais bankinio sektoriaus rodikliais. Dél $ios
priezasties treCios kartos modeliai dar vadinami ,,dvigubos
krizés*: banky ir valiuty krizés modeliais. [7]

G. T ularam ir B. S ubramanian ( 2013) iSskyré 4 kriziy
prognozavimo modeliy kartas. Pasak jy Krugmano (2001)
pasitlytas modelis gali biti priskirtas ketvirtai kartai. Tai jau
ne vien valiuty kriziy prognozavimo, bet bendresnis modelis,
kuriame vertybiniy popieriy kainos vaidina pagrinding rolg.
Sios grupés modeliai jvertina ekonominj ir finansinj
reguliavima, akcininky teises, sistemos skaidruma ir priezitiros
lygi, politinius ir sociologinius faktorius [4]. Naujausi ankstyvo
kriziy prognozavimo modeliai remiasi dideliu kiekiu
indikatoriy, skirty matuoti pazeidziamuma vieSajame, finansy,
jmoniy bei namy tkiy sektoriuose [8].

Finansy rinkos yra sudétingos sistemos, kuriose didelg
reikSme vaidina Zmoniy elgsenos ypatumai [4]. S varbu
paminéti, kad agentinémis sistemomis gristi modeliai ir
simuliacijos galiz ymiai efektyviau atskleisti netiesinius
elgsenos § ablonus n ei tradiciniai m odeliai. Tai leidzia geriau
suvoktii rvi soss istemos f unkcionavimo pr incipusb ei
priezastinius rysius.

Ankstyvo kriziy prognozavimo modeliai remiasi i§ esmés
dviem metodais: ekonometriniu ir ,signaly“. Ekonometrinio
metodo at veju skaiCiuojama diskretaus jvykio — $iuo a tveju
krizés pasirodymo arba ne — tikimybé (nuo 0 iki 1). Taip pat jie
leidZia nustatyti, kurie nepriklausomi kintamieji turi didziausia
reikSme priklausomam kintamajam. ,,Signalyé metodo atveju
naudojamas n  eparametrinis metodas  jvertinti  krizés
pasirodymo r izikai. L aikoma,ka dt amt ikrasf aktorius
signalizuoja galimg krizg, jei perzengia nustatyta ribg. [3]

III. INDIKATORIAI FINANSU RINKY PROGNOZAVIMUI

A. Ekonominiai ir finansiniai indikatoriai

Ankstyvo finansy kriziy prognozavimo modeliai turi daug
indikatoriy. Kaminsky e tal. ( 1998) atliko tokiy indikatoriy
apzvalga ir iSskyré keleta pagrindiniy grupiy: iSorinis sektorius
(pvz., einamosios saskaitos dydis), finansy sektorius, realusis
sektorius (pvz., realaus B PV augimas, nedarbo r odikliai),
viesieji finansai (fiskaliniai r odikliai), instituciniai k intamieji,
politinés situacijos kintamieji.

V. Bucevska (2011) taip pat panaudojo platy indikatoriy
spektrg:  fiskalinius kintamuosius, finansinio sektoriaus
kintamuosius ( pvz., banky iSduoty paskoly ir BPV santykis,
banky valdomo turto ir BPV santykis); iSorinio sektoriaus
(einamosios saskaitos) kintamieji (pvz., einamosios saskaitos
deficitas, eksporto augimo tempas); vidinio realaus sektoriaus
kintamieji (pvz., realaus BVP augimo rodiklis).

R. M ariano ( 2002) spekuliaciniy ataky identifikavimui
pasitilé naudoti tokius indikatorius: laipsniSkas tarptautiniy
rezervy mazéjimas, augantis biudzeto ir einamosios saskaitos
deficitas, laipsniskas valiuty kursy pervertinimas.



G. T ularam ir B. Subramanian ( 2013) pazyméjo, kad
svarbu jvertinti ne tik jvairiy rodikliy jtaka prognozuojamam
kintamajam, bet ir jy jtakg vienas kitam.

Prognozavimui naudojami jvairtis metodai. G. C. Shen ir
W. Y. Jia (2014) tirdami K inijos gamybos kompanijy akcijy
kritimus naudojo principiniy komponenciy metoda pradinés
svarbios informacijos i§skyrimui. Véliau anomaliniy situacijy
prognozavimo modelis buvo kuriamas panaudojant atraminiy
vektoriy metodg. R. Mariano (2002) pritaiké Markovo
grandiniy modelj. Liu ir Lindholm (2006) panaudojo neraiskiy
aibiy metodika nustatant kriz¢ nulemiancius ekonominius
veiksnius.

B. Investuotojy nuotaiky indikatoriai

Siame s kyriujea pZvelgiami nuotaikas

atspindintys indikatoriai.

investuotojy

Elgsenos e konomika ( angl. behavioral economics) te igia,
jog emocijos gali paveikti sprendimy priémimo procesa. Todél
investuotojy nuotaikas matuojantys indikatoriai gali bati
naudingi prognozuojant anomalines situacijas finansy rinkose.

Socialiniai tinklai yra naujas efektyvus informacijos $altinis
investuotojy elgsenos tyrimui ir $ablony nustatymui. Naujausi
tyrimai atskleidzia, jog socialiniy tinkly duomenys gali padéti
prognozuoti finansy rinkas.

Dauguma darby koncentruojasi j kitos dienos konkreciy
akcijy kainos prognozavima. Mes orientuojamés | ilgesnio
periodo laikotarpius ir siekiame pritaikyti metodus finansy
kriziy prognozavimui. Ankstyvas perdéty lukes¢iy suformuoty
rinkos ,,burbuly” identifikavimas gali leisti iSvengti dideliy
akcijy kainy kritimy.

Pagal G.R anco et.a 1.( 2015) yrat rysp agrindiniai
informacijos S$altiniai: naujienos internete, paieSkos sistemy
uzklausos, socialiniy tinky informacija. Apibendrinant galima
teigti, kad viena dalis autoriy koncentruojasi j zinu¢iy kiekio
fiksavima, o kita | jy turinio analiz¢. Tiriama akcijy kainy
priklausomybé nuo bendry bei finansiniy naujieny.

P. Houlihan ir G. G. Creame (2014) panaudojo sentimenty,
iSgauty i§ socialiniy tinkly informacijos srauto, indikatoriy
ateities kainy prognozavimui ir nustaté, kad naujieny srautai ir
investuotojy elgesio ypatumai gali paaiskinti akcijy kainy
svyravimus.

G.Ranco et.al (2015) tyré rysj tarp Twitter tinklo ir
finansy rinky. Buvo nustatyta stipri koreliacija tarp zinuciy
kiekio ir véliau sekanciy akcijy kainy svyravimy. Nustatyta,
jog nuotaiky socialiniame tinkle pasikeitimas gali prognozuoti
akcijy rinky krypties pasikeitima. Bollen et al. (2010) pritaiké
nuotaiky indikatoriy Dow J ones I ndustrial A verage i ndekso
prognozavimui.

Kitas biidas investuotojy nuotaiky nustatymui yra paieskos
sistemy uzklausy analizé. Paprastas tokio tipo analizés
pavyzdys pateiktas 2 paveiksle. [§samus vyraujanciy tendencijy
nustatymas gali bliti naudingas prognozuojant akcijy rinkas.
Sioje srityje reikimingy rezultaty pavyko gauti I. Bordino
(2012) ir L. Kristoufek (2013).
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Naujieny srauty ir informacijos socialiniuose tinkluose
analizé gali atrodyti paprastas ir patikimas dalykas, taciau
svarbu jvertinti ta faktoriy, jog dalis Zmoniy gali uzsiimti
manipuliacija informacijos srautais. Sukuriant didelius SaliSkos
informacijos srautus gali biti stengiamasi paveikti investuotojy
lokesCius. Svarbu turéti tokius modelius, kurie gebéty
identifikuoti ir eliminuoti klaidinan¢ia informacija.

Bet kuriuo atveju tyrimai rodo, kad rinkos dalyviy lukesciai
turi didele reikSme vertybiniy popieriy kainy poky¢iams, todél
taia tspindintys in dikatoriai turéty buti jtraukti i rinkos
prognozavimo modelius.

Mes orientuojameés j anomaliniy situacijy prognozavima.
TradiciSkai naudojame anks¢iau Siame skyriuje paminétus
ekonominius ir finansinius indikatorius. Taciau sitilome §j
spektra praplésti sentimenty indikatoriais (3 pav.).

Dalis tradiciniy techninés analizés indikatoriy gali biti
panaudoti rinkos tendencijoms jvertinti (pvz. RSI, MACD).
Taciau galima iSskirti labiau specifinius indikatorius,
atspindinius investuotojy baime (pvz., Volatility index (VIX))
ar lukescius (pvz., Put/Call ratio, Bullish percent index,
Decision Point Volume Trend Oscillator).

CNN Money Fear and Greed Index yra investuotojy
nuotaikas atspindintis indikatorius, susidedantis i§ 7 jvairius
aspektus jvertinanciy rodikliy.

Taip pat jau yra techninés galimybés analizuoti itin didelius
socialiniy tinkly ir naujieny portaly duomeny srautus bei
sukurti tuo paremtus indikatorius. StockTwits sentiment index ir
Market Prophit social media sentiment index jvertina
investuotojy liikes¢ius pagal jy veikla socialiniuose tinkluose.

IV. TYRIMO METODIKA

Ankstesni miisy tyrimai parodé, kad didziausius nuostolius
finansy krizés metu nulemia neracionalus emocijomis grjstas
investuotojy elgesys. Kainoms sparciai kylant skubama pirkti,
o joms pasiekus dugng vertybiniai popieriai parduodami.
Biitent perdétas optimizmas gali vertybiniy popieriy kainas
iSkelti aukS¢iau jy realios vertés, o perdéta baimé pernelyg
nusmukdyti. Mes darome prielaida, kad sentimenty indikatoriy
panaudojimas gali padéti eliminuoti neracionaly elgesj ir
iSvengti nuostoliy.

Paprastai § ie indikatoriai n audojami p rognozuojant k itos
dienos konkrecios jmonés akcijy kaing. Mes siekiame § iuos
indikatorius p ritaikytiilg ola ikotarpio investavimui ir
anomaliniy situacijy prognozavimui.

Socialiniy tinkly

Tradiciniai techninés .
sentimenty

Lakesciy ir baimés

analizés indikatoriai indikatoriai - o
indikatoriai
* MACD * CNN Money Fear * Stock twits
* Average directional and greed index sentiment index
index (ADX) * |SE sentiment index * Market prophit
* Put/Call ratio * Decision Point social media
RSl Volume Point sentiment index

Ascillator (VTO)
» Volatility index (VIX)
» Bullish percent index

* HedgeChatter social
sentiment indicators

3 pav. Nuotaiky indikatoriai



Tyrimui naudojamas indikatorius, analogiskas CNN Money
Fear and Greed Index [2]. Jis susideda is:

VIX indekso;

Indekso S&P 500 vertés palyginus su 125 dieny
slenkancio vidurkio reikSme;

santykio tarp Niujorko birzos akcijy, kuriy kaing virSija
52 savaiciy auk$tumas, ir ty, kurios pasieké Zemumas;
put/call santykio;

santykio tarp kylan¢iy ir krintan¢iy akcijy;

skirtumo tarp akcijy ir obligacijy pelningumo;

skirtumo tarp investicinj reitingg turin¢iy obligacijy
grazos ir ,,$iuksliniy6 obligacijy grazos.

Nuotaiky indikatoriaus jtaka tiriama imituojant periodinj
investavimg | ETF fonda. Periodiskai uz nustatytg pinigy sumag
yra perkami ETF f ondo vienetai. Nupirkty vienety kiekis
priklauso nuo tos dienos vieneto kainos. Taip pat nuo vieneto
kainos priklauso ir viso portfelio verté. Sprendimai dél jmokos
dydzio ir ar apskritai verta p irkti/parduoti f ondo v ienetus
priklauso nuo  nuotaiky (sentimenty) indikatoriaus (SI)
reik§més. Jeigu ji didelé, reiskia vyrauja optimizmas, o jeigu
maza, tuomet dominuoja baimé.

Visy pirma atsizvelgiant | §j indikatoriy yra nustatomas
imokos dydis (5 pav.). Kai indikatoriaus reikSmeé yra ypatingai
zema ir perzengia nustatyta apating (Ra) riba, tuomet jmoka yra
didinama prading reikSme padauginant i§ tam tikro koeficiento
(Kd). Darome prielaidg, kad vyraujant didelei baimei, akcijy
kainos bilina zemiau savo realios vertés, todél tai gera proga
investuoti. Jeigu indikatoriaus reik§mé yra labai didelé ir
perzengia nustatyta virSuting riba (Rv), tuomet jmoka yra
mazinama dauginant i§ koeficiento Km, kuris gali jgyti
reik§mes nuo O iki 1. Tokiu budu stengiamasi uzfiksuoti
situacijas, kai lukesciai yra per dideli, ir iSvengti pervertinty
vertybiniy popieriy pirkimo.

UZ nustatyta pinigy suma yra perkami fondo vienetai:

Nupirkti vienetai = Jmoka / Vieneto verté

Naujai nupirkti vienetai pridedami prie anksciau nupirkty
vienety, taip didinant bendra investiciniame portfelyje esantj
vienety kiekj. Identifikavus didelg rizika, sukaupti vienetai yra
parduodami uz tos dienos vieneto kaing ir paSalinami i$
investicinio portfelio:

Sukaupti vienetai Sukaupti vienetai .; + Nupirkti
vienetai . — Parduoti vienetai ,
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Portfelio verté priklauso nuo sukaupty vienety kiekio ir
vienety kainos konkre¢iu metu:

Portfelio verté = Sukaupti vienetai x Vieneto kaina

Jeigu i ndikatoriaus reik§Smés labaii Saugai r perZzengia
nustatyta ribag Rs, tuomet visi sukaupti fondo vi enetaiy ra
parduodami. Taip siekiama iSvengti staigiy ir dideliy portfelio
vertés sumazéjimy. Tokiu momentu gaunamos investavimo
pajamos, apskaiciuojamos pagal formulg:

Investavimo pajamos = Parduoti vienetai % Vieneto kaina

Kiekvieng kartg pardavus fondo vienetus gautos pajamos
yra kaupiamos. Pasibaigus investavimo laikotarpiui pelnas yra
apskaiciuojamas pagal formulg:

Pelnas = Visos investavimo pajamos — Visos jmokos

Mokesciy jtaka néra vertinama. T iriama, ar indikatoriaus
naudojimas gali padidinti pelninguma.

V. REZULTATAI

Siekiant jvertinti investuotojy nuotaiky indikatoriaus
reik§me priimant sprendimus buvo imituojamas investavimo j
birzoje kotiruojama fonda (SPDR S&P 500 [12]) procesas.
Skaic¢iavimams naudotos §io fondo istorinés vieneto vertés.
Investavimo laikotarpis — 2 metai (nuo 2014 m. sausio mén. iki
2016 m. sausio mén.). Sis periodas pasirinktas dél jo specifikos
ir panaSumo ] krizing situacijg, kuomet p atiriami nuostoliai —
20 ménesiy nuolatos kiles indeksas per kitus 4 ménesius patyré
2 korekcijas ir grizo prie savo pradiniy reikSmiy. Standartinis
periodinés jmokos dydis — 100 EUR. Konkretts perkamy ir
paduodamy fondo vienety kiekiai nustatomi pagal 4 skyriuje
apraSyta metodika.

I8 viso analizuotos 5 skirtingos strategijos, kurios naudoja
investuotojy nuotaiky indikatoriy. Jy parametry reikSmeés
pateikiamos 1 lenteléje. Sie rezultatai palyginti su investavimu
nenaudojant indikatoriaus — t. y. tiesiog sekant indeksg.



I LENTELE. STRATEGIJU PARAMETRAI

Rs Kd Ra Km Rv
Strategija Nr. 1 60 50 5 0 55
Strategija Nr. 2 50 10 10 0,5 60
Strategija Nr. 3 65 20 10 0,2 65
Strategija Nr. 4 70 30 10 1 70
Strategija Nr. 5 55 40 5 0,1 60

Rezultatai rodo, k ad tipiSkas investavimas s ekant indeksa
analizuojamu laikotarpiu biity 1émes nuostolj — baity sukaupta
maziau pinigy nei i§ viso jmokéta (6 pav.). Tuo tarpu visais
penkiais atvejais, kai buvo naudojamas nuotaiky indikatorius,
nuostoliy  iSvengti pavyko. Dél naudojamy skirtingy
koeficienty Zenkliai skyrési investuotos sumos.

Daugiausia investuota ir kartu daugiausia s ukaupta b uvo
naudojant strategija Nr. 4. Siuo atveju sukaupti vienetai buvo
parduodami tik jei indikatoriaus reikSmé biidavo didesné uz 70.
Imokos d ydis ne buvo m azinamas ne t jei reik§més virSydavo
viruting riba. Tuo tarpu indikatoriaus reikSméms nukritus
zemiau 10, jmokos buvo padidinamos 30 karty.

Strategija N r. 2 buvo daug konservatyvesné, todél
investuotos ir sukauptos sumos daug maZesnés. Siuo atveju
fondo vienetai b uvo p arduodami v os indikatoriaus reik§mé
pasiekdavo 50. Jeigu jivirSydavo 60, tuomet jmokos dydis
buvo mazinamas per pus¢. Reik§mei nukritus zemiau 10 jmoka
buvo padidinama 10 karty.

Vis délto svarbiausias dalykas yra skirtingy strategijy
pelningumas. Siuo atveju strategija Nr. 4 ne tik atne¢ daugiau
pelno nei strategija Nr. 2 (atitinkamai 1 376 EUR ir 385 EUR),
bet ir buvo santykinai pelningesné (atitinkamai 2,75 %ir
1,49 %).

Taip pat svarbu palyginti strategijas Nr. 4 ir Nr. 5. Pastaroji
nors ir davé maziau grynojo pelno (1 097 EUR), tadiau jos
pelningumas sieké 3,67 %. Mazesng jmokéta ir sukaupta suma
1émé konservatyviau apskai¢iuojami jmoky dydziai bei dazniau
paimamas pelnas. Taciau rizikos ir pelningumo rodikliai §iuo
atveju buvo geresni.
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7 pav. Pelningumo palyginimas

Vis délto geriausius rezultatus davé strategija Nr. 1. Ji
maksimaliai iSnaudojo investuotojy nuotaiky indikatoriy. Jo
reikSmei pakilusvi 1§60 vi sis ukauptivi enetai buvo
parduodami, taip siekiant i§vengti nuostoliy. Reik§mei nukritus
iki 5, jmoka buvo didinama 50 karty, siekiant maksimaliai
pasinaudoti galimai nepagrjstai nukritusia kaina. Tuo tarpu
indikatoriaus reikSmei virsijus 55 jmoka buvo mazinama iki 0.
7 pav. rodo, jog §i strategija leido pasiekti 4,83 % pelninguma.
Bendras pe Inas ( 1551 E UR) taippa t buvo di dziausias.
Palyginus § ioss trategijosr ezultatuss ui nvestavimu
nenaudojant nuotaiky indikatoriaus galime matyti daugiau nei
8 % geresnj rezultatag. Rezultatai rodo, jog nuotaiky
indikatoriaus naudojimas gali padéti iSvengti dideliy portfelio
vertés sumaz¢jimy esant akcijy kainy korekcijoms bei
pasinaudoti palankiomis progomis, kai rinkose vyrauja baimé ir
aktyvy kainos pernelyg nuvertintos.

VI. 1ISVADOS

Emocijomis grjstas investavimas lemia nuostolius, o
investuotojy nuotaikas atspindinciy indikatoriy naudojimas gali
padéti jy isvengti. Siame tyrime nuotaiky indikatorius buvo
pritaikytas periodiniam investavimui j birZoje kotiruojama
fonda. I nvestuojamy sumy dydZziai ir pinigy atitraukimo iS§
rinkos momentai buvo apskaifiuojami remiantis indikatoriaus
reikSmémis.

Uzfiksavus pernelyg didelj optimizmo lygj buvo siekiama
iSvengti galimai pervertinty aktyvy pirkimo, todél jmokos buvo
mazinamos. Didelés indikatoriaus reikSmeés taip pat laikytos
signalu, jog gali jvykti kainy korekcija, todél tokiais atvejais
sukaupti vienetai buvo parduodami, taip siekiant iSsaugoti
sukaupta pelna. Situacijos, k ai i ndikatorius rodé¢ ypac didelj
pesimizma, laikytos palankiomis progomis investuoti daugiau.
Tokie ve iksmai i§ esmés yra priesingi tipiSkam investuotojy
elgesiui, dél kurio patiriami nuostoliai.

Istirtos pe  nkios  skirtingos nuotaiky indikatoriaus
naudojimu paremtos strategijos. Visais atvejais rezultatai buvo
geresni ne it uomet, ka 11 ndikatorius ne buvo na udojamas.
Geriausia s trategija, m aksimaliai i§ naudojanti in dikatoriaus
galimybes, leido p asiekti 4,83 % pelninguma, kai tuo paciu
laikotarpiu i ndikatoriaus n enaudojant buvo pa tirtas 4 %
nuostolis. Gauti rezultatai parodo, jog investuotojy nuotaikas
atspindys indikatoriai gali buti pritaikyti finansy rinky
prognozavimui bei rizikos valdymui.
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SUMMARY

The continued economic instability demands for new ideas
and m ethods f or f inancial markets forecasting. F inancial
markets are influenced not only by economic or social factors.
Expectations and fears of investors, the impact of media
streams and social networks must be incorporated in financial
crisis prediction m odels. I n this w ork w e p resent h ow th e
indicator of investors’ mood can reduce the risk and increase
profitability. Five strategies of such indicator based investment
were in vestigated. A 1l o fth em o utperformed th e common
investors’ behaviour. They allowed to avoid losses and reduced
the volatility of portfolio.
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PHP frameworks are meant to facilitate software development
and are becoming more and more popular in web based projects.
Before starting the project it is extremely important to choose
framework that goes along well with the system and customer
requirements. The decision is impeded by a wide variety of
frameworks available in the market. A considerable effort is
required for the user to get acquainted with all the popular
frameworks, configure environments, prepare test cases and
evaluate framework effectiveness and other characteristics.

In order to facilitate the evaluation process, a tool for PHP
framework comparison was developed. Research based on this
tool was conducted using six of the most popular frameworks
(Symfony2, CakePHP, Zend2, Laravel, Codelgniter and Yii).
Results were compared in four characteristics: speed, class usage,
code usage and cyclomatic complexity.

Keywords—PHP; frameworks; Laravel; Symfony2; CakePHP;
Zend; Codelgniter; Yii; comparison

I. INTRODUCTION

Decision to analyze PHP programming language
frameworks was made because of lack of literature about most
popular PHP frameworks and due to the framework popularity.
Main purpose of this research is to pick out the best framework
based on main characteristics. To achieve this goal a web tool
was created. This tool allows comparing frameworks using
different characteristics with different amount of data and
structure in database. To make research more extensive, a plain
PHP (no framework) comparison was included. It is beneficial
to evaluate the cases when PHP frameworks might not be
necessary.

II. POPULARITY OF PHP FRAMEWORKS

It is fair to say that PHP is leading programming language
in web site development in these days. According to statistics
[1], 81.8% of all sites are written in PHP, in the second place
with 15.9% is .NET. These two languages are taking 97.7% of
all available websites.

Looking at all programming languages frameworks
popularity among the websites (Fig. 1) it is obvious that PHP
frameworks play a major role. Diagram shows that about 40
percent of websites are using PHP programming language
frameworks. Next after PHP is .Net which have 21.84% of
frameworks usage. Finally, other less known languages are
taking small part of website usage [2].
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Fig. 1. Frameworks usage in websites

III. ARCHITECTURE OF PHP FRAMEWORKS

Programming language framework is collection of libraries
used to increase system maintainability and reduce time of
coding. PHP programming language frameworks have a lot of
built-in functions such as: access to database, session
management, security etc. These functions help to reduce
coding and testing effort for developer, because it eliminates
the need of manual implementation of various features. Most of
the frameworks also maintain simple and clear folder structure.
It keeps different framework parts apart from each other and
facilitates file manipulation [3] [2].

All frameworks that are addressed in this research are using
MVC model. The model isolates user interface, business logic
and data model from each other and defines relationships
between them. Well-designed MVC project enables
independent work between front-end and back-end developers
with no interaction.

MVC pattern consist of three major parts: model, view and
controller. Data and relationship between different parts are
shown in Fig. 2. First of all, user sends request to the
controller, where the request is analyzed. Further, the controller
calls model responsible for the logic and connection with
database to get data that is needed to perform request. When
model finishes job all data is returned back to the controller.
Finally, all data is returned to view and page is rendered [4].
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Fig. 2. MVC pattern

Model is like connection between controller and view.
Essentially model is sort of “blind”, because it is not capable
knowing what happens with all data, when the data is passed to
another component. The main purpose of model is to prepare
data and pass it to the controller. However, model differs from
database. Model works like data guard, which accepts all
requests and processes them. In most cases this part of MVC
pattern is the most difficult compared to other parts [4] [5].

View is the result of rendered data, which comes from the
model. Usually, view is a part of HTML. For example, button
in a webpage is generated by view. When user clicks the button
controller action is triggered. Most common mistake done by
developers is the absence of connection between view and
model. In that case all data comes from the controller which
breaks all principals of the MVC pattern [4].

Last part of MVC pattern is controller. Main task for this
part is to process data which comes from the user and
accordingly update model. Controller is the only part, which
interacts with the user. Without user actions controller would
not make sense. Controller is like data assembler, which pass
data to the model. Controller can have only logic which
appoints to data collection. Besides, controller is connected to
one view and model only to ensure one directional data
passing.

IV. RELATED WORK

In 2013 research to compare two PHP frameworks has been
conducted. During the research three different versions of the
same system was created. First version was in plain PHP (with
no framework), other two was developed in CakePHP and
Codelgniter. Those systems was created using Eclipse PDT
IDE. All versions were published in local WAMP server.
Applications were compared in three different characteristics:
code lines number, speed and security [2].

Total lines of code were determined using CLOC (Count
Lines of Code) software. Looking at the results (table I),
authors claim that using plain PHP code is not reusable and all
needed libraries should be coded by the developer. So it means
that without using any framework it requires to write much
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more code. Frameworks are using a lot of libraries with built-in
functions, which makes code cleaner. Comparing CakePHP
with Codelgniter it is seen that CakePHP requires less coding,
because it has built-in system, which connects database to the
model. Writing less code means faster system development,
better maintainability and improved security [2].

TABLE L TOTAL CODE LINES OF EACH APPLICATION
PHP CSS PHP files CSS files
Plain PHP 3002 650 42 13
Codelgniter | 2321 621 36 13
CakePHP 1408 680 16 13

To test applications speed XDebug was used. This tool
provides functionality like function trace, memory distribution
and time to perform tasks. Speed results are introduced in table
II. From the results it can be stated that plain PHP has huge
advantage compared to frameworks. For example to complete
login/logout operation for plain PHP code it takes only
96 milliseconds, while using Codelgniter 2291 milliseconds.
Authors claim that Codelgniter is faster than CakePHP because
most of the operations are executing faster with Codelgniter.
Frameworks are working slower because they need to load a lot
of libraries while executing operations and it takes time.

TABLE II. SPEED COMPARISON OF EACH APPLICATION
. . Plain PHP Codelgniter CakePHP
Functionality
(ms) (ms) (ms)

Login/Log-Out 96 2291 1559

Session 91 739 1309
management

Database 143 762 1492

Forms usage 487 1338 2262

Forms validation 321 966 2411

To compare applications security, Nessus tool was selected.
According to results CakePHP has better security system than
Codelgniter and plain PHP. CakePHP framework has built-in
security components, which grants protection from main web
vulnerabilities. While Codelgniter framework has similar
protection system (CSRF and XSL protection), but during the
tests it does not protect from SQL injection attack.

Similar research was arranged in Bleking Technology
Institute, Sweden in 2012 by student. Same frameworks
(CakePHP, Codelgniter) were compared [6]. Main purpose of
this analysis was to compare speed of PHP frameworks. After
all, six tests was released, three of them were using database.
There were 20000 requests completed to Apache server.
During the tests (using database) frameworks selection (in each
request) was done randomly. Results are shown in table III.
According to results CakePHP is a little bit faster (by
5.34 milliseconds) than Codelgniter [6].



TABLE Il TESTS USING DATABASE was reached in 2014. Third place between PHP frameworks
: o -
Response times (ms) goes to by Symfony2 which hifls 30% of popqlarlty. Symfony?2
- framework started to grow in 2006 and in 2010 reached
Codelgniter CakePHP maximum, from that day it has stable popularity among users.
1 test 227 216 Codelgniter with 50% is in second place. The most popular
framework of the search engine is Laravel. This framework is
2 test 215 211 strong leader of this characteristic. Besides that it is newest
3 test 209 206 framework (started to grow in 2012).
Average 217 211.6
TABLE V. FRAMEWORK FEATURES
. Cake .. Zend | Symf.
Other three tests were executed without database (Table pap | Yi 2 2 Larav. | Codel.
IV). Results show that response time using frameworks is -
N . Latest version | 3.2 2.0 2.5.2 3.0 5.2 3.04
almost the same. CakePHP was slightly faster (1.3 millisecond)
than Codelgniter. So in both tests results are very similar, ORM + + - + + +
CakePHP is a little bit faster than Codelgniter framework. Authorization | + N N . . _
Cache storage | + + + + + +
TABLEIV.  TESTS WITHOUT DATABASE
Dependency R R + + ¥ B
Response times (ms) injection
K Code
Codelgniter CakePHP generation + + - + + -
1 test 233 233 Testing " + + + . .
library
2 test 230 229 Logging ) B B + + -
management
3 test 229 226 XSS N _ _ N N N
Average 230.66 229.33 XSRF + R R + . R
SQL injection | + - - - + +
Comparing all six frameworks on their available Template . . . . .
functionality, table V with results are presented. Results reveal system }
that ORM s zz}vailable ~on all frarneworks. except Zepd. Services + + B B + +
Authentication is not implemented only in Codelgniter CRUD
framework. Popular functions like cache and validation is Generation | - - + - -

available in all compared frameworks. All frameworks
supports PHPUnit testing tool, but Yii framework also use
Selenium for testing. Looking at the other features, Symfony2
have advantage, because it has layers and CRUD generation
components. Furthermore, together with Laravel, these
frameworks support logging functionality. Talking about
security, only Zend and Yii frameworks does not have
protection against web vulnerabilities. In general Symfony2
and Laravel frameworks have most of the features. In the other
hand Zend framework is in the last place [7].

One way to compare PHP programming language
frameworks is their popularity. For that purpose Google Trends
tool was used [8]. This tool can show how many requests by
keyword was in search engine. According the results oldest
framework is Zend, because in 2004 first requests with this
keyword appeared. Besides that Zend framework had reached
biggest popularity among all frameworks in the end of 2009.
But from that time this framework popularity was going down,
so now it is the last framework by this characteristic (16% of
best framework search). Fifth place is taken by CakePHP
framework, which searching numbers starting to grow in
middle of 2005 and in 2010 reaches maximum, now there is
18% of popularity among frameworks. Yii framework is in
fourth place with 21% of popularity. This framework is quite
new, had an increasing popularity since 2009 and maximum
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V. METHODOLOGY OF THE RESEARCH

To compare PHP language frameworks web-based tool was
created. It was developed using PHP programming language
with no framework. In general, this web application make
request to pages that are created using PHP framework and
collects the results. All results are calculated (taking average)
and compared in one graph for each characteristic. The
comparison tool has a feature to add custom data table with
custom data. This data can also be generated automatically.
After user has completed the customization and preparation of
his own data, PHP framework comparison tool starts sending
subsequent requests and collecting the result data. During this
research custom data table was created. Data table consist of
five columns: first name (string), last name (string), age
(integer), birthday (date), married (bool). To maintain realistic
situation about 300000 records was inserted into table.

Another seven applications were created for PHP
frameworks (one for plain PHP). It is simple one page
applications which render page with special hidden inputs with
data needed for comparing those frameworks. Those inputs
have page characteristic data like loaded classes, code lines and
cyclomatic complexity. Each framework has the same



functionality. It gets data from database and renders that data as
table in page. Of course, each PHP framework code is
different, because of a functions available for a particular
framework. For example, some of the frameworks supports
query builder for SQL, others don’t. All applications are hosted
on the local XAMPP server. Local environment has following
characteristics: Windows 10 education OS, 16 gigabytes of
RAM, 2.5 gigahertz quad core CPU. To complete all
functionality two databases were used. One for main
application (compares PHP frameworks), which store user
information also PHP frameworks information used for
analysis. Other database is for remaining applications, it is
storing demo user data. All frameworks are compared by four
characteristics.

First one is speed. This characteristic was selected because
of importance of fast loading pages these days. Performance of
page loading is essential characteristic, because users don’t
want to wait too long. Speed characteristic is used to define
how fast page is rendered using one of PHP programming
language framework. To get this information main application
is initiating JavaScript Ajax call to a page. Time intervals
between request and response are measured. Usually, to make
good comparison of PHP frameworks a significant amount of
measurements (in this case, that amount was 10) need to be
collected to avoid accidental results. All response times are
added and average is taken.

Next characteristic is an amount of loaded classes needed to
render the page. This characteristic purpose is to define how
many classes from PHP framework libraries are used to
complete various kinds of actions. This characteristic is highly
related with speed, because using more classes for the page
rendering, means longer time to load all files. Moreover,
number of classes could give some insights to a scale of
functionality available to the user.

Other characteristic is an amount of code lines per page.
It’s very useful characteristic especially for developers,
because it’s good to know how many code lines is required to
perform some functionality. The purpose of this characteristic
is to define total amount of PHP code lines written to perform
operation, in this case to render the page. Code lines also show
a code complexity, because larger amount of lines mean higher
complexity and more complex maintainability.

Last characteristic is a cyclomatic complexity. This
characteristic is related to all different paths that can be
executed within a function. This characteristic is very handy to
define complexity of the code. Besides, other conclusions or
recommendations can be derived from this metric. For
example, greater cyclomatic complexity means harder testing
of application.

VI. RESULTS

Speed characteristic measured for a custom applications
based on all frameworks is shown in table VI. Results are
provided in five different data record sizes, where one record
size corresponds the amount loaded in one page and inserted
into table. Results indicate that the fastest method to render
data can be achieved without a framework. Despite this, the
best results in terms of speed were achieved by Laravel and Yii
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frameworks. While CakePHP took the longest period in time to
perform the same tasks. Other frameworks had similar results.

TABLE VL SPEED PER REQUEST ON EACH APPLICATION MEASURED IN
MILLISECONDS
Data amount
Name

100 1000 10000 50000 100000
Laravel 0.136 0.138 0.353 1.988 4.982
CakePHP 0.196 0.281 1.374 7.94 19.626
Symfony2 0.289 0.394 0.711 2.889 6.435
Codelgniter | 0.036 0.054 0.272 1.986 5.138
Yii 0.062 0.072 0.264 1.913 4.967
Zend2 0.106 0.121 0.364 2.204 5.603
Plain PHP 0.017 0.031 0.186 0.949 1.282

Judging from the results at 100, 1000 and 10000 data
records all frameworks has quite similar results. But when data
is growing to 100000 records CakePHP starts working really
slow (fig. 3). So in general, most stable results were presented
by Laravel and Yii frameworks and of course plain PHP has
best speed characteristics.

10 1000 100000

e Larave| i Cake P HF Symfony2 e Codelgniter Zend2 e Plain PHP

Fig. 3. Dependency between speed characteristic (in milliseconds) and
amount of data

Comparison of other three characteristics of PHP
frameworks are shown in table VII. According to the results,
the most lines of code are used by plain PHP and Zend?2
frameworks. Leaders in this characteristic with five lines of
code are Laravel and CakePHP. In case of the measurement of
loaded classes, it is clear that the largest amount of classes
needed for Symfony2 framework. Plain PHP is loading default
PHP classes only and therefore requires a small amount of
classes to be loaded.



TABLE VIIL

PHP FRAMEWORK CHARACTERISTIC COMPARISON

Name Code lines Ic‘l(;ds g:g Eg;ll;lr: :lttl;
Laravel 5 302 2
CakePHP 5 270 2
Symfony2 7 438 2
Codelgniter 6 176 2
Yii 13 212 2
Zend2 18 323 4
Plain PHP 23 159 4

Most of the frameworks have similar value for cyclomatic

complexity that means code simplicity in that applications.
This is good thing when it comes to maintainability and testing.
Zend?2 framework and plain PHP have a bit higher cyclomatic
complexity than other frameworks.

CONCLUSIONS

After analyzing the results collected from the local server,
the following conclusions can be drawn:

1.

In terms of popularity and the richness of
features Laravel can be distinguished as a
leading framework.

Experimental evaluation (speed, loaded
classes, lines of code and cyclomatic
complexity) gave different values to various
features of a distinct frameworks. An in-depth
study of these results need to be performed in
order to choose the most suitable framework
for a particular situation. In general, Laravel
outperformed other frameworks and appeared
to a leader in a majority of the characteristics.

Theoretical comparison of the frameworks is
very similar to practical research results. So it
is fair to say that most popular framework by
people search on Google is also best in other
characteristics.
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As expected, without using any framework has
advantages such as faster request processing,
but on the downside making application

without framework requires better
programming skills, effort and security
understanding since there is no built-in

security functions.

There are several additional features to be added to the
framework comparison tool in the future:

(1]

[2]

[31

(4]

[6]

[71

[8]

1. Creating code-blocks for each framework
with a similar functionality and the same
naming convention while trying to find the
most  effective  solution for each
framework.

2. Introducing additional metrics and stress
testing with a large number of concurrent
connections for each application created
with different framework.
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Finansiniy piramidZiy modeliavimas
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Finansinés piramidés (FP) yra gana senas ir ekonomikoje gerai
Zinomas reiSkinys, galintis sukelti jvairiy ekonominiy, socialiniy
bei kitokiy neigiamy padariniy, kuriy daZnai gali biti labai sunku
iSvengti, ypac jei investuojama su skolintu kapitalu. Dél Sios
prieasties yra svarbu Zinoti tokiy schemy veikimo principus,
nustatyti susidarymo prieZastis bei ieSkoti prevencijos biidy.
Straipsnyje trumpai pristatoma FP samprata bei aptariami
egzistuojantys FP tyrimo poZiiriai. Taikant logisting kapitalo
valdymo teorijg, skaiiuojamos pasirinktos investicinés bendrovés
sukauptojo kapitalo esamoji bei biisimoji vertés, tiriama, kokioms
sqlygoms esant §i investiciné bendrové tapty finansine piramide.

Raktiniai  ZodZiai:  finansinés piramidés, Ponzi schemos,

modeliavimas, logistiné teorija, kapitalo valdymas.

I.  FINANSINIU PIRAMIDZIU SAMPRATA

Terminas ,,finansiné piramidé* yra gana senas ir daugeliui
zmoniy suprantamas, nes ne vienas yra susiviliojes lengvai
uzdirbamais pinigais ir taip nukentéjes. Istorijoje Siuo metu
galima aptikti labai daug FP pavyzdziy, pavyzdziui, C. Ponzi
1920 m. sukurta afera ar dar palyginus visai neseniai (2008 m.)
idaidkinta B. Madoff afera. Sis reitkinys labai iSplito po
1990 m. (ypa¢ 1994 m.), kai suklestéjo FP daugelyje skirtingy
pereinamojo periodo ekonomiky [1]. Siuolaikinés FP yra
pateikiamos iSradingiau ir daugiausia veikia internete, todél Sio
reiSkinio tyrimas yra biitinas.

Placiau i$nagrin¢jus FP tyrusiy mokslininky darbus ([2],
[31, [4], [5], [6], [7]) bei juose pateikiamus apibrézimus, galima
sakyti, jog FP gali buiti apibudinta kaip suk¢iavimo priemoné,
kurios metu investuotojams pasitilomas tariamas investicinis
produktas, turintis labai maza rizikos laipsnj bei ypac auksta
investicijy graza. Nepaisant to, jokios investicijos néra
ivykdomos, dél to Siai priemonei yra butinas vis kity (naujy)
investuotojy pritraukimas, kad bty iSmokéti pelnai jau
esamiems investuotojams, o FP galéty ir toliau egzistuoti.
Bitent $j poZzymj galima nurodyti kaip viena pagrindiniy, dél
ko visos FP yra pasmerktos zlugti, nes visada egzistuoja
galutinis investuotojy skaicius.

II. FINANSINIU PIRAMIDZIU TYRIMO POZIURIAT

Tiriant moksling literatiira, gali biiti pastebéti jvairiis
skirtingi FP bei kity nestabiliy situacijy tyrimy pozitriai. [11]
darbe iSskiriami 5 pozitiriai, kuriais gali biiti nagrinéjamos FP.
Prie 8iy pozitriy dar galima pridéti H. Minsky iSplétota
pesimistinj jvykiy vertinima [8]. Dél to i§ viso iSskiriami 6 FP
tyrimo pozitiriai:
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A. Pesimistinis poziiiris

Sis poziiiris yra aptartas H. Minsky finansinio nestabilumo
teorijoje 1960 ir 1970 m. Pasak autoriaus, finansinéje sistemoje
stabilumas yra paradoksaliai destabilizuojantis: ,.geri laikai®
skatina eksperimentuoti bei prisiimti per didelg rizika, o tai gali
baigtis su trenksmu. Si teorija priveda prie dviejy i¥vady:
1) finansiné sistema i§ prigimties yra nestabili ir ji turi baiti
visada prizilrima; 2) nestabilumas negali atitikti vieno
modelio, o tiksli zZlugimo prigimtis ir rezultatas priklauso nuo
konkrecios salies ekonomikos charakteristiky [9].

B. Racionalusis poziiiris

Antrojo tyrimo pozitrio Salininkai, O. J. Blanchard ir
M. Watson, remiasi racionalumo prielaida ir teigia, jog visy
rinkos dalyviy elgesys yra racionalus. Remiantis visuotinio
racionalumo teorija, matyti, kad FP gali egzistuoti. Jos, kaip ir
finansiniai burbulai, gali bati aiSkinamos kaip labai greitas
kainy augimas, kurio su turima informacija paaiSkinti
nejmanoma, nes jis nesuderinamas su racionalumu. Sis kainy
augimas gali augti tik iki tam tikro lygio, o po to kainos staigiai
mazéja [10].

C. Zaidimo poziiiris

Treciosios teorijos $alininkai A. Belianin ir O. G. Issoupova
FP laiko zaidimu, zvelgdami i§ zaidimy teorijos pusés, taciau
neatsieja jos nuo individualiy investuotojy azartiniy loSimy.
Zaidimo dalyviais gali bati visi norintys bei turintys tam lé8y
gyventojai. Sio Zaidimo piramidinés schemos organizatorius
siekia pritraukti kuo daugiau zaidéjy, taip didindamas savo
pelng [11].

D. Scenarijaus poziiris

Ketvirtojo pozitirio autorius S. V. Dubovski teigia, jog FP
zlugimas yra apibréztas jos ypatybémis. Autorius daro
prielaida, jog piramidinés sistemos organizatoriaus sukaupti
finansiniai  jsipareigojimai yra padengiami tik naujai
surinktomis 1éSomis, neperzengiant FP riby. Egzistuojant Siai
prielaidai, yra savaime suprantama, jog FP jk@iréjas tam tikru
laiko momentu gali nebeturéti uztektinai 1éSy padengti savo
finansinius jsipareigojimus, o tai veda FP zlugimo link [12].

E. [siskolinimy jsipareigojimy sistemos poziuris

Penktojo pozitirio atveju FP tiriama kaip per laika auganti
isiskolinimy jsipareigojimy sistema, kuri yra palaikoma tik
laiko atzvilgiu didéjan¢iomis jnesamomis investicijomis. Si FP
galéty egzistuoti ilgai, jeigu jsipareigojimy kiekis neaugty per
greitai ir santykis su pajamomis iSlikty ganétinai pastovus.



Siame darbe daroma i§vada, jog kuo FP jkiiréjui bus didesnis
noras pritraukti 1é8y, tuo greiciau ateis FP zlugimas [11].

F. Logistinis poziiris

Sestojo pozifirio atveju, nagringjant FP, turéty bati
atsizvelgiama ] rinkos prisotinima, nes realiomis salygomis,
ypac tiriant uzdaraja ekonomika, kapitalo augimas vienodu
tempu negali vykti labai ilgai. Zvelgiant i§ logistinio poZirio
pusés, kapitalo augimas pats kuria sau konkurencija, todél dar
sutikta konkurencija i§ iSorés létina jo augima, kol jis visai
sustoja, o sistema prisotinama kapitalu. Svarbi logistinio
pozitirio charakteristika yra nasumas (arba ,talpa®), tai yra,
populiacija turi tam tikrg prisotinimo lygj, kuri pasiekus
kapitalas pradeda nykti [11].

Toliau $iame straipsnyje ir bus remiamasi biitent logistiniu
poziliriu, kuris placiai aptariamas dagelyje darby ([11], [13],
[14], [15], [16]). Nagrinétuose darbuose pateikiamos Sios
teorijos pritaikymo prielaidos bei atlickami tyrimai nagrinéjant
FP susidarymg tiek per esamaja, tiek per blisimaja sukauptojo
kapitalo verte, kai investuojant i FP yra naudojamas nuosavas
kapitalas.

II1. FINANSINIU PIRAMIDZIU BUSIMOS SUKAUPTOJO KAPITALO
VERTES TYRIMAS

Biisimos sukauptojo kapitalo vertés tyrimui blity galima
pasinaudoti  S. Girdzijausko sililoma logistine biisimos
sukauptojo kapitalo vertés skaiCiavimo lygtimi [15]:

M

Sioje lygtyje a — sukauptosios pinigy sumos blisimoji
verté, m — pinigy srauto periodo eilés numeris, n — kaupimo
trukmé ménesiais, a — ménesio pradzioje jmokama pinigy
suma, ﬁ — paliikany procentas nuo pradinés sumos, q — jnasy
kiekio didéjimo ar mazéjimo koeficientas, r — investicinis jnasy
dydzio augimo koeficientas su paliikany norma i (r =1 +1).

Lygtyje daroma prielaida, jog FP veikia kaip ir investiciné
bendrové, o tai reiskia, jog gautg kapitalg kartu investuoja su
meénesio palikany norma [15].

Sukauptojo kapitalo biisimosios vertés skaiiavimui ypac
didele reikSm¢ daro 3 kintamieji: mokamas paliikany
procentas, skai¢iuojant nuo pradinés sumos (), jnasy kiekio
kitimo koeficientas (q) bei investicinis jnasy dydzio augimo
koeficientas su palikany norma (r). S. Girdzijauskas ir
V. Moskaliova po atlikty tyrimy nustaté, jog kuo didesné [ tuo
FP tampa nestabilesné. Vertinant jnaSy kiekio kitima buvo
nustatyta, jog kuo inaSy kiekio kitimo koeficientas yra
mazesnis, tuo FP stabiliau veikia. Tiesa, jnaSy dydzio augimo
koeficiento didéjimas FP daro stabilesng, nes gaunama didesné
investiciné graza i$ FP jnasy [11].

Tiriant sukauptojo kapitalo biisimaja vert¢ yra pasinaudota
Siuo metu internetinéje erdvéje Poker Automatics sitlomu
pasyvaus uzdarbio planu. Norint pasinaudoti Siuo pasitilymu,
tereikia investuoti konkrecig suma pinigy ir i§ to bus gaunamas
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pasyvus uzdarbis kiekvieng ménesj. Kaip teigiama S$ios
investicinés bendrovés internetiniame puslapyje, pajamos yra
gaunamos i§ sukurtos automatizuotos sistemos, kuri Zaidzia
pokerj internete.

Sistemos sitilomas uzdarbis priklauso nuo investuotos
sumos dydzio, pavyzdziui, investavus 1 000 eury per ménesj,
sitloma uzsidirbti 18 % (depozita galima atsiimti po
2 ménesiy), o investavus 50 000 eury — net 24 % paltkany per
ménesj (depozitg galima atsiimti po 6 ménesiy). Si investicing
bendrové sitilo daug investiciniy pasirinkimy, taciau bendra
uzdirbama suma i§ investicijy visada yra apie 30 %. Beje, kuo
mazesné investuojama suma, tuo didesn¢ dalj investuotos
sumos pasilieka pati investiciné bendrove.

Pasinaudojus S$ios investicinés bendrovés sitilomomis
salygomis bei (1) sukauptojo kapitalo blisimosios vertés
analize, galime iStirti tam tikras situacijas, kurioms susidarius
§i investiciné bendrove virsty FP.

SkaiCiavimai atlickami atsizvelgiant | Poker Automatics

3lygio (18 % graza per ménesj) siilomas salygas. Taigi f
(pastovia i$mokama palikany norma) galime prilyginti 18 %, a
(jnesamo kapitalo dydj) — 1 000 eury, n (kaupimo trukme) —
50 ménesiy, pirmuoju atveju i (investavimo ménesio paliikany
normg) laikysime esant 30 %, o ¢ (jnasy skaiCiaus kitimo
koeficientg) keisime nuo 0,9 (nuolat mazéjantis jnasy skaiéius)
iki 1,2 (nuolat augantis jnasy skaiCius). Galime istirti, kaip
esant Sioms sglygoms keiiasi sukauptos sumos biisimoji verté,
priklausomai nuo kaupimo trukmés, esant skirtingam jnasy
skaiiaus kitimui.
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1 pav. Sukauptojo kapitalo biisimosios vertés priklausomybé nuo kaupimo

trukmés, kai a=1000; r=1,3; n=50; f=0,18

Jvertinus $ios investicinés bendrovés pateikiamus duomenis
galima pirmame paveiksle matyti, jog investicinés bendrovés
rezultatai tampa nestabillis, tik esant didziausiam jnaSy
skaiiui, o mazéjant jnaSy skaiiui investicinés bendrovés
gaunami rezultatai yra stabilis ir ji negaléty biiti vadinama FP.
Tiesa, Sie rezultatai yra gauti pagal pacios investicinés
bendrovés pateikiamus duomenis, kurie nebitinai gali bati
teisingi, todél toliau buty galima pasizitréti, kaip keistysi
kreivés, jeigu visus kintamuosius, i$skyrus investavimo
meénesio paliikany norma, paliktume nepakitusius.

Antrame paveiksle matyti, kad sumaZzinus investavimo
palikany norma iki 20 % ir esant tam paciam, arba nuolat
mazéjanCiam, jnasy skaiCiui, investiciné bendrové dar gali



stabiliai funkcionuoti. Jeigu jnaSy skaifius vis augty ir
nepavykty surinkto kapitalo investuoti su didesne nei 20 %
paltikany norma, investiciné bendrové stabilumo neislaikyty ir
palyginus per gana trumpa laika (~5 periodus) pasiekty
maksimaliai jmanoma sukaupti kapitala, o tada per ateinancius
6-9 periodus patirty dideliy nuostoliy, nes sukaupto kapitalo
suma tapty minusiné.
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2 pav. Sukauptojo kapitalo buisimosios vertés priklausomybé nuo kaupimo

trukmés, kai a=1000; r=1,2; n=50; $=0,18

Toliau galima pasizitiréti, kaip keistysi sukauptas kapitalas,
jeigu §i investiciné bendrové neturéty zadamos investavimo

strategijos ir sukaupta kapitalg investuoty tik su 1 %
paltikanomis (3 pav.).
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3 pav. Sukauptojo kapitalo baisimosios vertés priklausomybé nuo kaupimo
trukmés, kai a=1000; r=1,01; n=50; f=0,18

Tre¢iame paveiksle matyti, jog visais atvejais §i bendrové
tapty FP, kuri, net ir mazéjant jnaSy skaiciui, prarasty sukaupta
kapitalg jau per 18 periody.

Apibendrinant gautus rezultatus matyti, jog visais tirtais
atvejais, kai B koeficientas buvo lygus 18 %, maksimali
sukaupti suma buvo pasiekiama per 5 periodus. Atliktas
tyrimas  atskleidé, kad pagal investicinés bendrovés
pateikiamus duomenis §i investiciné bendrove veikty stabiliai
tol, kol jna§y augimo koeficientas nevir§yty 1,1. Zinoma,
mazinant investavimo palikany norma stabilumo situacija
prastéjo, taciau visais atvejais pasireiSké ta pati tendencija, jog
kuo mazesnis jnasy skaicius, tuo stabiliau veikia investiciné
bendrové.
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IV. FINANSINIU PIRAMIDZIU ESAMOS SUKAUPTOJO KAPITALO
VERTES TYRIMAS

Esamos sukauptojo kapitalo vertés tyrimui atlikti galima
pasinaudoti  S. Girdzijausko sitiloma logistine esamos
sukauptojo kapitalo vertés skaiCiavimo lygtimi [15]:

@

Sioje lygtyje koeficienty reikimés islicka nepasikeitusios,
todél M — sukauptosios pinigy sumos esamoji verté, m — pinigy
srauto periodo eilés numeris, n — kaupimo trukmé ménesiais, a
— ménesio pradzioje jmokama pinigy suma, ﬁ — palikany
procentas nuo pradinés sumos, q — nasy kiekio didé¢jimo ar
maze¢jimo koeficientas, r — investicinis jnaSy dydzio augimo
koeficientas su palikany norma i (r =1+ i).

Si lygtis yra Siek tiek patogesné nei (1), nes joje nereikia i%
anksto zinoti skai¢iavimais jvertinty periody skai¢iaus, kadangi
¢ia apskaiCiuojama pinigy srauto dabartiné verté bet kuriai
norimai trukmei [11].

SkaiCiuojant kapitalo dydj Sia lygtimi yra gaunami labai
panasiis rezultatai kaip ir skaiCiuojant su biisimosios vertés
lygtimi. Beje, $iuo atveju yra gaunami kiek mazesni sukaupti
pinigy srautai, nes yra jvertinamas laiko veiksnys ir jo jtaka
sukauptai pinigy sumai [14].

Esamos sukauptojo kapitalo vertés tyrimui atlikti
naudojamasi tomis paciomis tiriamos investicinés bendrovés
sitlomomis salygomis.
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4 pav. Sukauptojo kapitalo dabartinés vertés priklausomybé nuo kaupimo
trukmés, kai a=1000; r=1,3; n=50; $=0,18

Kaip matyti 4 paveiksle, §iuo atveju yra gauti labai panasts
rezultatai kaip ir 2 paveikslo grafike, skiriasi tik gauta
sukauptojo kapitalo suma. Investiciné bendrové nestabiliai
veikty tik tuo atveju, jei jnaSy augimo greitis virSyty 1,1, o
didziausias sukauptas kapitalas biity 5 periode.

Penkto paveikslo rezultatai atskleidzia, kad investiciné
bendrové dar galéty stabiliai funkcionuoti, jei investavimo
palikany norma biity sumazinta iki 20 % ir jnasy skaiCius
mazéty arba iSlikty toks pats.
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5 pav. Sukauptojo kapitalo dabartinés vertés priklausomybé nuo kaupimo
trukmeés, kai a=1000; r=1,2; n=50; =0,18

Sestame paveiksle pateikiami duomenys, kaip ir pries tai
pateiktuose grafikuose, rodanciuose sukaupta dabartinés vertés
priklausomybe, atitinka duomenis, gautus tiriant sukauptojo
kapitalo biisimosios vertés priklausomybe¢. Kadangi maksimali
kapitalo suma sukaupiama per 5 periodus, net ir su labai maza
palikany norma investiciné bendrové visais atvejais iSlieka
nestabili.
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6 pav. Sukauptojo kapitalo dabartinés vertés priklausomybé nuo kaupimo
trukmeés, kai a=1000; r=1,01; n=50; =0,18

Apibendrinant pateikiamus grafikus, galima patvirtinti
V. Moskaliovos ir S. Girdzijausko padaryta iSvads, jog
stabiliausias investicinés bendrovés atvejis gaunamas tada, kai
q koeficientas yra mazesnis uz vieneta, arba kai jnaSy |
investicing bendrove skaiCius mazéja [11]. Kitaip tariant,
bendras FP stabilumas didéja mazéjant jnasy skaiGiui. Sios
investicinés bendrovés atveju ji dar iSlikty stabili, jei jmonés
investicijy graza i§ gauty jnasy sumazéty iki 20 % ir jnasy
skaiCius iSlikty toks pats arba mazéty. Didinant jnasy skaiCiy
arba mazinant investicijy graza pastebimas greitas kapitalo
mazéjimas.
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V. ISVADOS

Galima teigti, jog FP tyrimas bei modeliavimas yra biitini,
norint atpazinti FP bei nuo jy apsisaugoti. I$ atlikty tyrimy
matyti, jog net ir normaliai funkcionuojanti investiciné
bendrove, pasikeitus tam tikroms sglygoms, tam tikru metu gali
tapti FP.

Jvertinus sukauptojo kapitalo esamos bei blisimos vertés
priklausomyb¢ nuo kaupimo trukmés, matyti, jog bendras FP
stabilumas didéja mazéjant jnasy skaiCiui. Tirtos investicinés
bendrovés atveju ji iSlikty stabili, jei jmonés investavimo
paliikany norma sumazéty iki 20 % ir jnasy skaicius iSlikty toks
pats arba mazéty. Didinant jnaSy skaiCiy arba mazinant
investicijy graza pastebimas greitas sukaupto kapitalo
maz¢jimas.

Tirta investiciné bendrové veikty stabiliai tol, kol jnasy
augimo koeficientas nevir§yty 1,1. Sukaupto kapitalo verte
mazéja smunkant investavimo paliikany normai, taciau visais
atvejais pasireiskia ta pati tendencija — kuo mazesnis jnaSy
skaiCius, tuo stabiliau veikia investiciné bendrové.
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Abstract — The main objective of this paper is to present an
analysis of a method, when RSI, Momentum oscillators as well as
volume and price change signals were combined together to
research signal profitability according to signal strength.
Combining signals together led to one unique signal which
strength was analysed by researching the trading performance
and evaluating the profitability of trades. Analysis was held in
with different market trends (downtrend, uptrend and flat) of
Dow Jones Industrial Average index.

Keywords — Oscillators, RSI, Momentum, Volume, Price
change, DJIA, signal strength.
I. INTRODUCTION

Modern day stock trading has gone far beyond financial
statement reading, market monitoring and price change graphs
understanding. Along with the previous stated, a considerable
amount of indicators are used to verify whether the exact
moment is the right time to enter the position. Despite the high
amount of indicators, using them can significantly improve
profitability [1], [2], [3]. Furthermore there are also a lot of
publications that consider combining indicators together and
modifying them to receive a better result [4], [5], [6]. It should
be noted that high amount of indicators and signals can make it
hard for the trader to choose one stock over the other, therefore
the strength of an indicator signal, as a criteria, has to be
considered [7].

Using various kinds of oscillators or in general indicators
without signal strength is very subjective and what is more, it is
hard to evaluate different stocks, especially in the same market,
when the same signals occur. Hard evaluation leads to
unevaluated risk to choose the worse investment over a better
one. Furthermore, when signal strength is not evaluated, it is
hard to test a certain strategy, due to the fact, that indicators
occur only certain amount of time on certain stocks before
changing. Therefore, using the signal strength evaluation
methodology can help indicate the right time for buying
stocks, changing stocks in the portfolio or choosing one stock
over the other.

A contribution of this paper lies in a RSI and Momentum
oscillator and one of volume change and / or price change
indicator combination (RMVC), when all of the mentioned
indicators signals are joined together and a summarizing signal
with different strength levels developed. Further sections of
this paper present the basic concept of the proposed
methodology, experimental investigations and results.
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II. THE BASIC CONCEPT OF THE PROPOSED METHODOLOGY

The proposed strategy is based on combination of RSI and
Momentum oscillators, that are furthermore strengthened with
trading volume and price change indicators [4]. This strategy is
proposed after numerous back-tests when different types of
oscillators and their combinations were analysed to get the best
average one trade profitability.

As mentioned above, after numerous back-tests final
combination of RMVC was settled. RMVC combination was
tested with Down Jones Industrial Average (DJIA) stocks, with
the historical data from the year of 2008, 2014, 2015.
Combination of these three years allows testing the strategy
with downtrend and uptrend markets as well as when the
market trend is flat (overall change per year is close to zero).
After testing data from different years it can be summarized,
that RMVC methodology is profitable despite the market trend.

The methodology was purified by going through different
combinations of indicators.

Firstly, the performance of separate oscillators (RSI,
Momentum, ROC, Stochastic, W%R) was calculated.

Secondly, all the same oscillators were combined with
additional trading volume and (or) price change indicators [4],
when these indicators went at least 10% above 30 trading days
average.

Table I presents the profitability difference between simple
oscillators profitability and oscillators combined with trading
volume and (or) price change indicators on year 2015.

TABLE L DIFFERENT OSCILLATORS METHODS PROFITABILITY
EVALUATION
RSI ‘Momentum‘Stochastic‘ W%R ‘ ROC
Average profitability (%)

Oscillators 1,74% |2,29% 0,09% 1,85% 0,81%
Oscillators combined
with trading volume |, jo0 |, oo9, 1,16%  |2,38% |2,17%
and (or) price change

indicators

Difference +0,72% | +0,24% +1,07%  |+0,53% |+1,36%

Thirdly, any combination of the five oscillators with trading
volume and price change indicators were tested. Profitability



was calculated when at least 5 of the indicators showed buying
signals. This test was held by calculating profitability of
holding a stock from 1 to 10 days. As can be seen in Table II,
the test showed that 3 days period is the most profitable and
accumulated 3,10% average profit per trade.

TABLE IL BEST PERFORMED PERIOD TESTING

Profitability when >= 5 of the indicators showed buying

signals

Num. of
days

1 0,24%

1,51%
‘3,10%
3,04%

2,47%

1,95%

1,28%

1,72%

| NN R W N

1,27%

-
>

1,54%

Fourthly, after getting 3 days period and profitability data
for at least five indicators showing buying signal at once, ROC,
Stochastic and W%R oscillators where removed from
calculations due to high amount of misleading signals.
Therefore, RSI, Momentum, trading volume and price change
indicators (RMVC) were left for the final calculations, that
brought an average of 3,67% trade profitability within 3 days
buying and selling period.

After applying the RMVC methodology, each of the four
indicators signals were divided into 3 levels [8] [5], where 3 is
the highest level and 1 is the lowest. According to the levels,
set values were granted in a range 1-3.

A. RSI levels and values

Testing the methodology, a standard RSI formula (1) was
used:
RSI=100—-100/(1+RS) (€H)]
RS — Average Gain / Average Loss

RSI oscillators buying signal was taken into account only if
the value of the signal is lower than 30.

In Table IIT RSI oscillators signal levels and values can be
found.

TABLE IIL RSI SIGNAL VALUES
RSI signal value (x) Signal value
x <10 3
10<x<20 2
20<x <30 1
30 <x 0
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B. Momentum levels and values

Testing the methodology, a standard Momentum formula
(2) was used:

MOMENTUM = (CLOSE(i) / CLOSE(i-N)) * 100
CLOSE (i) — close price of the current bar;
CLOSE (i -N) — close price n bars ago.

@

Due to Momentum formula it is difficult to unambiguously
assign signal level values, this is because Momentum signal
can vary according to price change. Testing this methodology
Momentum oscillator signal levels and values were calculated
according to the Table IV.

TABLE IV. MOMENTUM SIGNAL VALUES
Momentum signal value (x) Signal value
x <88 3
88 <x<92 2
92 <x<96 1
96 <x 0

C. Trading volume and price change levels and values

Trading volume and price change levels and values
calculations have been done in couple of stages. First of all
trading volume and price change averages of last 30 days of
trading were calculated. Afterwards, the calculated average size
was compared the current trading volume and price change.
Lastly, if the current indicator size is higher than the average, a
set value is assigned. Trading volume and price change levels
and values are presented in Table V.

TABLE V. C. TRADING VOLUME AND PRICE CHANGE SIGNAL VALUES
Trading volume / price change (x) Signal value
Current indicator size is higher by 50% than the average 3

Current indicator size is higher by 30% - 50% than the average |2

Current indicator size is higher by 10% - 30% than the average |1

Current indicator size is higher less than 10% than the average

III. EXPERIMENTAL INVESTIGATIONS

The profitability of the presented method was tested using
historical DJIA index stock data from 2008, 2014 and 2015.

After conducting the experiment with historical data from
2008, a conclusion was made, that depending on the signal
strength value, the profitability raises (see Table VI). This is
due to the fact that when the signal strength value equals to 1,
the average trade profitability is 0,37 %, when signal strength
value is 2, the average trade profitability is 2,08% and when



strength value equals 3, the average trade profitability is
2,37%.

It should be noted, that DJIA index during the year of 2008
lost more than 33% of its value as can be seen in Fig. 1.
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Fig. 1. DJIA index graph of 2008

During 2015 when most of the stock markets did not reach

new highs or lows and more or less stayed in the same level

(DJIA index downgraded by 1,86%. See Fig. 3) the tested

methodology showed the best results among the three tested
12,500 years. The best result was identified, when the indicator signal
15,0 value was 3, then the average trade profit equaled to 7,75%

(see Table VIII).
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TABLE VL 2008 DJIA INDEX STOCKS RMVC EXPERIMENTAL Fig. 3. DJIA index graph of 2015
INVESTIGATIONS n
Indicator signal value
7 P 3 TABLE VIIL. 2015 DJIA INDEX STOCKS RMVC EXPERIMENTAL
INVESTIGATIONS
Total signals 86 197 27
Profitable 44 107 16 Indicator signal value
Not profitable 41 90 11 7 2 3
No change _ 1 0 0 Total signals | 14 137 6
Average profitability 0,37% 2,08% 2,37% Profitable 7 86 6
Not profitable | 7 51 0
During 2014, when in the most of stock markets a steady N:viznie 0 0 0
growth was visible, DJIA index rose by more than 9% (see Fig. profitab?lity 0,18% 1,64% 7,75%
2). As for the RMVC methodology, with the indicator signal
value 2, the average trade profitability was 2,55% (See Table
viI). IV. EXPERIMENTAL RESULTS
DJIA Daily = Earnings Up /A Toun ¥ Diuidends 12312014 12,200 EXperimthal reSultS haVe revealed that RMVC
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methodology, when the stock is sold after three days from
buying, is profitable independently from the market trend,
although it is more profitable on the flat market. Furthermore,
RMVC methodology with different indicator signal values
showed that the higher the indicator signal value, the higher the
average trade profit. A summarized DJIA index stock RMVC
experimental investigations results are presented in Table IX.

15, 400 TABLE IX. SUMMARIZED DJIA INDEX STOCKS RMVC EXPERIMENTAL
15, 200 INVESTIGATIONS
Fig. 2. DJIA index graph of 2014 Indicator signal value
Year 1 2 3
2008 0,37% 2,08% 2,37%
TABLE VIIL. 2014 DJIA INDEX STOCKS RMVC EXPERIMENTAL 2014 0,51% 2,55% N.D.
INVESTIGATIONS 2015 0,18% 1,64% 7,75%
Indicator signal value
1 2 3 V. CONCLUSIONS
Total signals 52 46 N/D
Profitable 29 24 N/D . .
Not profitable 3 o9 ND The paper reviewed the proposed trading methodology,
No change 0 0 N/D when a joint group of indicators were analysed and signal
Average profitability 0,51% 2,55% N/D strength value was determined. The research was carried out on
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2008, 2014 and 2015 historical data of DJIA index stocks. The
results clearly point to a conclusion that the higher the indicator
signal value, the higher the average trade profitability..

It is clear that further research in developing the most
profitable trading methodology by analyzing different
combinations and groups of oscillators can be done. By the
way, more than one author tried to find the best profitable
trading methodology by analysing different oscillators, their
groups and various combinations. A lot of them were
successful, but most of the time, their success led to high
amount of trades, that led to higher risk and higher taxes and
commissions. Due to this reason, it is essential to purify the
best time, to enter and close the trade. What is more, most of
markets stocks move synchronously, therefore picking the right
stock to receive the highest profitability is essential.
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Abstract — Clustering is useful method for text documents
organization. It is quite well explored for widely known
languages, e.g. English, but for highly inflective languages
not all methods can be successfully applied. The goal
is to find a set of methods which perform well for
Lithuanian language. Four models for statistical feature
selection and elimination from feature set were proposed.
According to the results of F-score, ten feature sets were
selected for further cluster analysis. Documents with
various number of features were clustered with K-means,
spherical K-means and hierarchical clustering methods.
The best results according to F-score value were achieved
using spherical K-means algorithm.

Keywords — text document clustering, K-means clustering,
Spherical k-means clustering, feature selection and
elimination, clustering quality evaluation.

I. INTRODUCTION

Increasing amount of information require novel techniques
to handle them. Clustering is a technique, that allows finding
similar documents and grouping them into previously un-
known categories, or clusters. The idea is to assign similar
objects to the same group (cluster) while the difference among
these clusters are as big as possible [1]. General clustering, as
well as documents clustering, is well know technique [2, 3, 1].
However, most of text documents clustering research explores
influence of features construction and selection, as well as
clustering methods, on clustering performance [2, 1], and only
some results are available for other languages, e.g. arabic
[4], Lithuanian [5] and Russian [6, 7]. However, in the later
papers feature selection is not investigated in depth, while
high number of features slows down clustering considerably,
and may negatively influence clustering quality. Therefore,
the best performing clustering approach (feature construction,
feature selection and clustering algorithm) for Lithuanian,
and potentially, other highly inflective languages remains un-
answered question.

In this paper we propose and investigate several feature se-
lection techniques, in combination with different feature con-
struction methods (bag-of-words and term frequency — inverse
document frequency) and clustering algorithms (K-means,
Spherical K-means and Hierarchical clustering). The results
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seem promising (see section III), therefore we plan to continue
with other highly inflective languages (e.g. Russian).

In secs. II-A and II-B feature construction and selection
methods are discussed respectively. Selected clustering algo-
rithms are presented in sec. II-C. Experimental results are
discussed in sec. IIL.

II. DOCUMENTS PREPROCESSING
A. Documents representation

Documents are represented using bag-of-words (BOW) [1].
It can be described as a sparse vector of single and whole
words frequencies. Length of each vector is equal m and it
contains unique words from whole documents corpus.

In some cases frequencies are not the best way to express
an importance of terms because frequent and not so significant
terms are the reason why documents could be interpreted as
very similar. The opposite situation is with rare terms which
could appear not so frequent but the meaning of terms is
important in the context [8]. The TF-IDF method reduces this
effect. The weight of each term is calculated by following
formula

wq,t = tfa - idfy.p (1)

where ¢ is a term, D is a corpora, d € D is a document, ¢ f; ¢
is frequency of term ¢ in document d, idf; p = In % here N
is a total number of documents d, n = |{d € D|t € d}| is a
number of documents d in which term ¢ occurs.

B. Feature selection

It is very important to select informative features. We use
document frequency (DF') an term weight (TW ) criteria for
features selection.

Document frequency (DF') is the number of documents
where term ¢ occurs:

DF;={d | t;ed}|, (j=Tm) )

Then, the bounds of feature selection are:
a_ < DF; <ay. 3)

Term weight (TW) is a sum of wq ;¢ (1):

TW; =) wi @
1=1



and feature is selected as informative if

TWJ > Amin - (5)

Here, d is a document, ¢ is a term, a_, @4, Qyip are freely
selected bounds, w is a weight of term j in document 7 [9, 10].

We propose four models for informative feature selection
based on the document representation and features selection
methods discussed above.

1) Qtf1—> DF — Qth model. At first, n X m size feature
frequency matrix is formed and a part of features were
eliminated by eq. 3. The final matrix is an n x ¢ feature
frequency matrix Q7 (¢ < m).

2) Qus'— DF — Qggar> model is similar to the Qtlf —

DF — fo model, but after informative feature set

selection using eq. 3, importance of each feature in

documents is recalculated using feature weighting, eq. 1.

Qtﬁdflﬁ TW — Qtf2 model. n x m feature weight

matrix is formed from primary Qtlf matrix using eq. 1,

then the features are selected by T'W criteria. Uninfor-

mative features identified by eq. 5, are eliminated from

Qtlf matrix. The final feature frequency matrix Qtzf is

n X ¢ size, when ¢ < m.

Qifiar' — TW — Qqaar> model is similar to Q%f,idf —

T™W — fo model. The difference is that in the last étage

uninformative features which were identified by eq. 5, are

eliminated from Q,lf, qr- The final feature weight matrix

Q7 figp 18 m x £, when £ <m.

3

~

4

~

C. Clustering algorithms

K-means (KM) is a variation of more general Expectation-
Maximization algorithm [1]. The basic idea of KM algorithm
is to move objects from one cluster to another while objective
function is minimized [1]. The objective function is a sum of
the squared error:

k
SSE =YY" distg(ji;, ©)?, (©)
i=1ZeC;

where the mean of cluster C; is described as follows fi; =
1

renl Y #co, T (i=1,k). Itis quite fast and precise, but the
problem in documents clustering is that the distance between
documents is measured using Euclidean distance, and it is not
suitable for text documents clustering because feature matrices
are sparse [11].

The main idea of spherical K-means (SKM) algorithm is
similar to KM algorithm, i.e. objects are transferred from one
cluster to another while change of objective function is less

than freely selected value ¢:

IQ({CV3E_)) — o({Ci )| <, %)

when

k
QUG ) =D D dist(, jij). ®)
J=1%;eC;
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The main difference from KM algorithm is that SKM uses
cosine distance and operates on vectors that lie on the unit
sphere [12].

The main aim of hierarchical clustering is creating a
hierarchy of clusters. Usually, agglomerative or divisive ap-
proaches are used [1]. We will use an agglomerative method,
because it is less complex [13]. At first, all objects are
interpreted as separate clusters with one object inside. Then
two closest clusters are merged into one cluster. It continues
while only one cluster is left [1].

The most important part of hierarchical clustering is choos-
ing a distance measure between clusters, sometimes called
linkage. Commonly four linkage types are used[1, 3]: Single
Link, Complete Link, Average Link and Ward. Based on the
preliminary experiments (not reported in the paper due to
space limitations) the best performance was achieved using
Ward linkage, therefore only results with Ward linkage are
reported.

In case of Ward measure two clusters are the closest if after
merging the SSE measure increases the least:

Ci — Col?
0 (Cr, Cy) = 1= I ©
ney 1 ey

where C'1,Cy are clusters, n¢, ,nc, are number of objects in
clusters C; and Cj respectively, C1,Co are mean of clusters
Chand C5 respectively.

We experiment with Euclidean, cosine and Jaccard distances
for SSE calculation.

D. Clustering quality evaluation

Quality of clustering results can be evaluated using so called
external and internal indices. Internal indices evaluate relation
of intra-cluster and inter-cluster distances, and usually are
used for detecting number of clusters and so on. External
indices use a priori information about documents classes, thus,
allowing to evaluate effectiveness of clustering algorithms.
In this paper we used only external indices. With a priori
information available, it is possible to calculate a contingency
table I, which shows the identity of performed clustering
and objects distribution wrt real classes. We use F-score (a

TABLE I
CONTINGENCY TABLE.
positive  negative
positive (prediction)  tp fp
negative (prediction) fn tn

harmonic mean of precision P and recall R) for evaluating
cluster quality [3, 1].

2PR
= €051 10

PR [0;1] (10

where P = —2_ ¢ [0;1] (precision) and R = —*2_ € [0; 1]

13 + D . tp+in )
(recall). The higher value of index shows the better clustering.



TABLE II
STRUCTURE OF CORPORA.

(No) Class name # of documents

(1) Auto 499
(2) Energetics 498
(3) football 500
(4) Nature 499
(5) Youth garden 500
(6) Rural news 500
(7) Crime and accidents 500
TOTAL: 3496

TABLE III
STATISTIC OF CORPORA.
Average numb. of # of # of symb.
words in doc. terms in term
294 106086 9
B. Feature selection
TABLE IV

DESCRIPTION OF SELECTED FEATURE MATRICES (# OF DOCUMENTS IS
3496). HERE F-SCORE IS PRESENTED AS A MEAN & STANDARD
DEVIATION OF RESULTS BY 10 CLUSTERINGS WITH SKM ALGORITHM.

Name # of features F-score
LT1 2570 0.8375 4+ 0.0100
LT2 1492 0.8339 4+ 0.0059
LT3 2829 0.8326 4 0.0325
LT4 1399 0.8323 4 0.0083
LT5 1328 0.8287 4+ 0.0071
LT6 5243 0.8282 4 0.0448
LT7 1714 0.8266 4+ 0.0371
LT8 1740 0.8244 4+ 0.0051
LT9 2165 0.8218 4 0.0284
LT10 1605 0.8217 4 0.0080

Feature set was formed using BOW, the primary set included
106086 unique features. Four feature set reduction models
(sec. II-B) were applied with an intuition that smaller number
of features can describe documents as well as a complete set
or even better, while decreasing duration of clustering.

150 reductions of feature set combining different values of
bounds were performed:

a_ = {0.001,0.002,0.003, ...,0.03} - n,
oy = {100, 66.66,50,33.33} - n,
Cmin = {0.01,0.015,0.02, ...,0.2} - n.

where n is a number of objects in corpora.

Objects with reduced number of features were clustered by
KM and SKM algorithms. It was observed that SKM algorithm
performs considerably better, i.e. F-score is higher from 2
to 3 times, hence experiments with reduced matrices were
performed only with SKM algorithm.

Experiments show, that the best performing model is Qif —
DF — Qfﬁdf. By eliminating part of features with this
model it was found that o, bound does not affect number
of features significantly, over 90% of primary features were
eliminated by o— bound and the best results were achieved
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with a_ € [0.011;0.021]. For further research, ten matrices
from determined interval were selected, see table IV.

C. Clustering

All experiments were performed using matrices described
in table IV, with assumption that number of clusters is known
and equal to 7.

Results were compared with random baseline, where all ob-
jects are distributed at random in seven clusters. In experiments
with hierarchical clustering the best results were achieved
using cosine similarity and Ward linkage, while complete,
single and average link perform close to random baseline
(F-score).

Results of experiments with hierarchical clustering with
Ward measure, KM and SKM algorithms are depicted in
Fig. 1, where a) H is hierarchical algorithm with: Jaccard
(J), Euclidean (E) and cosine (C) similarity measure and Ward
distance between clusters (W); b) KM is K-means algorithm;
¢) SKM is spherical K-means algorithm; d) Random baseline
is random objects distribution into 7 classes.

The results show, that algorithms almost always perform in a
following sequence: SKM, HCW, HIW, HEW, KM. It clearly
rejects Euclidean distance as a measure for text clustering.
Jaccard and cosine distances perform quite well, and SKM
algorithm achieves the best results.

IV. CONCLUSIONS

A number of experiments with different feature reduction
and clustering methods were performed:

1) Four models for feature set reduction;

2) Three dissimilarity measures between objects (Euclidean,
Jaccard and cosine);

3) Four linkages (single, average, complete and Ward link-
ages);

4) And three clustering algorithms (K-means, spherical

K-means and hierarchical clustering).

All the results were evaluated using F-score index.

The best results were achieved using spherical K-means
algorithm with Q%f — DF — Qfﬁdf feature reduction model.

Future plans include experiments with symbolic n-grams,
determining number of clusters, detecting and eliminating
outliers and experimenting with other clustering algorithms,
e. g. density and distribution based algorithms.

In this paper cluster documents under the assumption that
clusters do not overlap. However, often that is not a case.
Hence, in the future we are planning to experiment with soft
clustering methods.
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Dvimaciy supjaustymo uzdaviniy sprendimas
naudojant grafin] procesoriy

Dovydas Sopa
Programy inzinerijos katedra
Kauno technologijos universitetas
Kaunas, Lietuva

Santrauka — straipsnyje analizuojama dvimaciy supjaustymo
uZdaviniy sprendimas naudojant grafinj procesoriy. Pasiiilytas
algoritmas naudoja evoliucinj euristinj modifikavimo tipo
algoritma, kuris naudoja euristinius algoritmus sprendiniui
gauti. Pateikiamas pasitlyto algoritmo ir realizacijos gauty
rezultaty palyginimas su evoliuciniu euristiniu algoritmu, kuris
skai¢iavimus vykdo standartiniame procesoriuje.

Raktiniai  ZodZiai — daikty iSdéliojimo
procesorius, optimizavimas, CUDA.

uidavinys, grafinis

I. IVADAS

Objekty i8déliojimo uzdavinys yra klasikinis optimizavimo
uzdavinys, kuris pirma karta suformuotas 1939 m.[1]. Sis
uzdavinys yra jdomus ne tik teoriskai, bet turi daug praktiniy
pritaikymy: straipsniy i§déliojimas laikrastyje taip, kad reikéty
kuo maziau lapy; detaliy pjaustymas lakstuose taip, kad likty
kuo maziau nepanaudoty medziagy; déziy i8déliojimas
sunkvezimiuose taip, kad reikéty kuo maziau sunkvezimiy.

Yra puikiai Zinoma, kad tai nedeterministiSkai
polinomiskai (toliau — NP) sunkus uzdavinys [2]. Pirmiausia
Sie uzdaviniai pradéti nagrinéti kaip vienmaciai, o po to buvo
praplésti iki daugiamaciy. Klasikiné $io uzdavinio formuluoté
skamba taip: visos dézutés turi ilgius 1, o daikty ilgiai yra
intervale (0; 1] kiekvienai dimensijai. Daiktus i déZutes reikia
sudelioti taip, kad biity panaudota kuo maziau dézuciy.
Dvimaciu atveju matematinis $io uzdavinio apibrézimas
skamba taip: duotoje dvimatéje koordinaciy erdvéje A, kurios
dydis R? reikia surasti tokig statiakampiy aibe V, kad bet
kuriai sta¢iakampiy porai (v; v) i§ aibés V sankirty v N v’ aibé
biity tuscia [3].

NP sudétingumo uzdaviniai pasizymi two, kad jy
sprendimui reikia didesnio nei polinominio laiko. Tai reiskia,
kad 8io uzdavinio sprendimo trukmés apatiné riba (angl. Lower
bound) yra o(n*), kur n— jvesties parametras, susijes su
duomeny kiekiu; k — bet koks skaicius.

Cia gali padéti grafiniai procesoriai (toliau — GPU). GPU
gamintojai paskutiniu metu iStobulino Siuos procesorius, kad
jie baty tinkami didelés apimties skai¢iavimams. Cia labai
prisidéjo NVIDIA, kuri sukiir¢ CUDA (angl. Compute Unified
Device Architecture). CUDA technologijos yra paremtos
vienos instrukcijos daugeliui gijy pagrindu (angl. Single
instruction multiple threads, toliau — SIMT). SIMT pasizymi
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tuo, kad kelios gijos vykdo tuos pacius veiksmus su skirtingais
duomenimis. Tai leidZia sutaupyti laiko instrukcijoms jkrauti.

Siame darbe nagrinéjamas objekty i¥déliojimo dvimatis
atvejis, kai objektai yra orientuoti staiakampiai, negali biiti
vartomi, objekty saraSas zinomas i§ anksto ir lakstai yra
vienodo dydzio. Bus bandoma i$naudoti CUDA suteikiamas
galimybes Siam uzdaviniui spresti lygiagreciai.

Sio darbo antrame skyriuje pateikti susij¢ darbai. Tretiame
skyriuje pateikiamas sitilomas evoliucinis euristinis algoritmas.
Ketvirtame skyriuje pateikiamas atliktas tyrimas ir gauti
rezultatai. Penktame skyriuje pateikiamos iSvados ir tolimesni
darbai.

II. SUSIJE DARBAI

Kadangi optimalus algoritmas NP-sunkiems uzdaviniams
dar néra sukurtas, literatiiroje galima rasti daugybe straipsniy,
kuriuose mokslininkai siiilo savo algoritmus. Galima pastebéti,
kad geriausius rezultatus pasiekia evoliuciniai euristiniai
algoritmai [4, 5, 6, 7, 8]. Siy algoritmy pagrindiné idéja—
priklausomai nuo situacijos pasirinkti vieng i§ paprasty
euristiniy algoritmy.

Literatiiroje galima pastebéti dviejy tipy evoliucinius
euristinius algoritmus: pasirinkimo [7] ir modifikavimo [8].
Kadangi modifikavimo algoritmai gali lengviau prisitaikyti prie
specifiniy uzdaviniy, Siam darbui pasirinktas modifikavimo
tipo evoliucinis euristinis algoritmas.

X. Zhao ir H. Shen [9] paband¢ sudaryti algoritma, kuris
objekty i8déliojimo uzdavinj spresty lygiagreciai. Jie pasitlé
algoritma, kuris pritaikytas 32 procesoriy sistemai. Buvo
sprendziamas specifinis uzdavinio atvejis (objektai
kvadratiniai) ir pasiektas ®(n) skai¢iavimo laikas.

Praktikoje tokia procesoriy sistema nepraktika. Tokiems
skai¢iavimams biity tikslinga naudoti CUDA. NP sudétingumo
uzdavinius jau buvo bandoma spresti naudojant GPU [10, 11].
Sie sprendimai parodo, kad CUDA puikiai tinka tokio tipo
uzdaviniams (rezultatai pageréja apie 50 karty).

Sprendimai, pritaikyti CUDA, apsiribojo  genetiniy
algoritmy naudojimu. Kadangi nuosekliuose skai¢iavimuose
geriausius  rezultatus  pasiekia  evoliuciniai  euristiniai
algoritmai, todél jy pritaikymas lygiagretiems skai¢iavimams
naudojant CUDA gali pasiekti dar geresnius rezultatus. Butent



tai Siame darbe ir nagrinéjama — modifikavimo evoliucinis
euristinis algoritmas, pritaikytas skai¢iavimams CUDA.

III. STOLOMAS EVOLIUCINIS EURISTINIS ALGORITMAS

Kai kurie objekty iSdéliojimo uzdaviniai pasizymi
savybémis, dél kuriy specifinés euristikos juos sprendzia greitai
ir tiksliai. Taciau néra vienos euristikos, kuri puikiai spresty
visus galimus atvejus. Evoliucinio euristinio algoritmo idéja
yra apjungti paprastus euristinius algoritmus, taip bandant
iSvengti kiekvieno i§ algoritmy silpny viety.

Taip pat evoliuciniai euristiniai algoritmai problema
nagringja i§ kitos pusés. Jei euristiniai algoritmai operuoja
duomenimis (objektais ir lakstais, j kuriuos Sie objektai turi
biiti sudéti), tai evoliuciniai euristiniai algoritmai operuoja
zemesnés eilés algoritmais (algoritmais, i§ kuriy reikia
pasirinkti).

Sitlomas evoliucinis euristinis algoritmas remiasi Kkity
autoriy mintimis [4, 5, 6, 7, 8]. Dauguma sitilomo evoliucinio
euristinio algoritmo naudojamy euristiniy algoritmy néra nauyji,
taciau pasirinkta specifiné algoritmy aibé, arba jie modifikuoti.

A. Naudojami euristiniai algoritmai

Vienmaciu objekty iSdéliojimo uzdavinio atveju euristiky
tikslas yra iSrinkti objekta ir talpykla, i kuria Sis objektas bus
dedamas. Dvimaciu atveju prisideda papildomas kintamasis —
reikia rasti pozicija, j kuria bus dedamas objektas lakste. Dél
Sios priezasties naudojami dviejy tipy euristiniai algoritmai:
iSrinkimo (iSrenka objekta ir laksta, ] kurj objektas bus
dedamas) ir déjimo (iSrenka pozicijg lakste, kur objektas bus
dedamas). Naudojami pasirinkimo algoritmai:

e Pirmo tinkancio (angl. first fir)— atidarytus lakstus
nagrinéja i§ eilés, ieSkant pirmosios, i kurj tinka

objektas. Naudojamos dvi S$io tipo algoritmo
modifikacijos:

o ploto mazéjimo seka— objektai nagrinéjami
nuo didziausio, iki maziausio,

o su i§ anksto paskirtais objektais [6]— visi
objektai, kurie yra didesni nei pusé laksto
dydzio, i§ karto i§déliojami j lakstus.

e Kito tinkancio (angl. next fit)— objekto déjimui

nagrinéjama tik paskutinis naudotas lakstas. Jei objektas
tinka — dedama | jj, prieSingu atveju — imamas naujas

lakstas. Naudojamos dvi Sio tipo algoritmo
modifikacijos:
o standartinis — objektai ir lakStai nagrinéjami
tokia seka, kokia yra gauti,
o sui$ anksto paskirtais daiktai.

¢ Geriausiai tinkancio (angl. best fit) — lakStai iSrikiuojami
pagal likusio laisvo ploto didéjimo seka. Sia seka jie
nagrinéjami, siekiant rasti pirma i kurj objektas telpa.
Naudojama objekty ploto mazéjimo modifikacija.

e Blogiausiai tinkancio (angl. worst fit)— lakstai

iSrikiuojamos pagal likusio laisvo ploto mazejimo seka.
Sia seka jie nagrin¢jami, siekiant rasti pirma i kurj telpa
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objektas (lakStai nagrinéjami prieSinga seka, nei
geriausiai tinkancio algoritme). Naudojama objekty
ploto mazéjimo modifikacija.

e Django ir Fitcho — algoritmas uzpildo 1/n dalj laksto
naudodamas pirmo tinkancio algoritma. Tuomet jis
ieSko objekty iki trijy (gali naudoti 1, 2 arba 3)
kombinacijos, kuri sudaryty didziausig plotg ir dar tilpty
i laksta. Jei kelios kombinacijos turi vienoda plota,
pirmenybé teikiama tai, kuri turi maziau elementy. Jei ir
tada yra kelios kombinacijos, pirmenybé teikiama tai,
kuri turi didziausig objekta (jei didziausias objektas
sutampa, tada ta pati sglyga galioja antram arba tre¢iam
pagal dydj objektui). Jei nei viena kombinacija negali
bati jdéta j laksta — imamas naujas. Naudojamos trys Sio
algoritmo modifikacijos (uzpildymas iki 1/4, 173 ir
12) [7]. Siame algoritme objektai nagringjami ploto
maz¢jimo seka.

Django ir Fitcho algoritmas yra vienintelis, kuris vienu
pasirinkimu gali iSrinkti daugiau nei viena objekta.

Objekty déjimui pasirinkti algoritmai, kurie orientuoti j
déjima apatiniame kairiajame kampe. Visi algoritmai orientuoti
1 panasSy déjima, kad biity islaikytas sprendinio stabilumas (jei
dalis algoritmy déty nuo kairiojo kampo, o dalis nuo desiniojo,
tada viduryje gali likti tarpy, kurie bus nepatogios formos ir
kuriuos bus sunku uzpildyti). Naudojami déjimo algoritmai:

e Apatinio kairiojo kampo. Objektas jdedamas j virSutinj
desinjjj kampg. Tuomet, naudojant stimimo Zemyn ir
kairén veiksmus, objektas stumiamas tol, kol pasiekia
kitg objekta arba laksto krastg.

e Patobulinto apatinio kairiojo kampo. Objektas, kaip ir
apatinio kairiojo kampo algoritme, jdedamas j virSutinj
desinjji kampa. Tuomet, skirtingai nuo apatinio kairiojo
kampo algoritmo, objektas stumiamas ne tik iki
artimiausio objekto krasto. Pristimus objekta iki kito
objekto procesas néra nutraukiamas — tikrinama, ar uz
Sio yra laisvos vietos, j kurig naujas objektas tilpty. Jei
§i vieta randama— objektas perkeliamas per jau
egzistuojantj objekta.

e Skenavimo. Sio algoritmo tikslas, skenuoti visas
pozicijas 1§ kairés j desing ir i§ apacios ] virSy ir ieSkoti
pirmos, kurioje gali biiti padétas apatinis kairysis
objekto kampas.

Taip i$ viso gautos 27
kombinacijos (9 pasirinkimo ir 3 déjimo algoritmai).

algoritmy

B. Evoliucinis euristinis algoritmas
Evoliucinj euristinj algoritmg galima aprasyti tokiais
zingsniais (1 pav.):

1) paruoSiama 20 uzdavinio kopijy.

2) kiekvienai kopijai nustatoma dabartiné uzdavinio
biisena.
3) jei rastai biisenai jau yra pasirinkta algoritmy

kombinacija — ji ir naudojama. PrieSingu atveju pasirenkama
atsitiktiné kombinacija i§ anksc¢iau aprasyty.
4) $is procesas kartojamas, kol sudedami visi objektai.



while Uzdavinio sprendinys nepagerinamas 10 karty
Paruodti 20 uzdavinio kopijy
foreach kopija in kopijos
while Ne visi daiktai sudélioti
Nustatyti dabartine uz uzdavinio biseng
if Busena, kuriai algoritmas jau pasirinktas
Naudoti jau pasirinktg algoritmg
else
Atsitiktinai iSsirinkti naujg algoritma
Apskaiciuoti kiekvieno sprendinio tinkamuma
Geriausiy individy isrinkimas
Geriausiy individy rekombinacija
Atliekama atsitiktiniy individy mutacija

1 pav. Naudojamas evoliucinis euristinis algoritmas
5) jvertinamas  kiekvieno  i§
tinkamumas (angl. fitness).
6) naudojant genetinj algoritma, iSrenkama dalis geriausia
sprendinj radusiy algoritmy kombinacijy:

a) iSrenkama 80 % algoritmy kombinacijy.
Kombinacijos renkamos ruletés principu. Kiekvienam
variantui, atsizvelgiant j jo tinkamuma, skiriamas intervalas
intervale [0; 1). Tuomet generuojamas atsitiktinis skaiCius
Siame intervale. Pasirenkama algoritmy kombinacija, kuriai
priskirtame intervale yra sugeneruotas skaicius.

gauty  sprendiniy

b) atlickama rekombinacija. 1§ algoritmy kombinacijy
saraso pasirenkamos dvi atsitiktinés ir su 50 % atliekama
rekombinacija. Jei rekombinacija jvyksta, tuomet atsitiktinéje
vietoje sumaiSomi naudoti algoritmai, jei ne — kombinacijos
perduodamos tokios, kokios yra.

c¢)su 10% tikimybe atlickama mutacija. [vykus
mutacijai, 20 % atsitiktiniy algoritmy kombinacijy iSmetama.

7) visas §is procesas kartojamas tol, kol wuzdavinio

sprendimas nepagerinamas 10 iteracijy.
Sprendinio tinkamumas 7" apskai¢iuojamas taip:

M

M — sunaudoty dézuciy kiekis uzdaviniui spresti. N-—
iSdélioty objekty kiekis. S; — vieno objekto plotas.

Uzdavinio busena koduojama sudaro

23 simboliai:

eilute, kurig

e Pirmi 6 simboliai yra skirti likusiy objekty auks¢iui
identifikuoti. Pagal objekto aukscio santyki su laksto
auks$¢iu objektai sugrupuojami j tris grupes: (0; 1/3],
(173; 12] ir (122; 1].

Kiti 6 (nuo 7 iki 12) simboliai yra skirti likusiy objekty
plociui identifikuoti. Pagal objekto plocio santykj su
laksto plo¢iu objektai sugrupuojami j tris grupes:
(0; 1731, (173; 12]ir (1225 1].

Kiti 8 (nuo 13 iki 20) simboliai yra skirti likusiy objekty
plotui identifikuoti. Pagal objekto ploto santykj su
laksto plotu objektai sugrupuojami j 4 grupes: (0, 1/4],
(1/4; 1731, (173; 12] ir (122; 1].
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e Paskutiniai 3 (nuo 21 iki 23) simboliai yra skirti likusiy
nejdéty objekty kiekio santykiui su pradiniu objekty

kiekiu identifikuoti.

Kiekvienas i§ $iy identifikatoriy gauna reikSme pagal jo
atitikimg vienam i§ intervaly procentais. Pirmoms trims
kategorijoms Sifruoti naudojamas 2 simboliy kodavimas, kur
,,00 atitinka intervalg [0; 10], ,,01* — (10; 25], ,,10“ — (25; 50],
11— (50; 100]. Likusiy objekty Sifravimui naudojamas
3 simboliy kodavimas, kur ,,000* atitinka intervalg [0; 12,5],
,001“— (12,5, 25], ,,010“— (25;37,5], ,,011“— (37,5, 50],
,100“— (50; 62,5], ,,101“— (62,5;75], ,,110“— (75; 87,5],
111 —(87,5; 100].

C. Uzdavinimo lygiagretinimas

Kadangi didziagjg sprendimo laiko dalj sudaro tinkamos
pozicijos lakSte ieSkojimas, todél nuspregsta biitent Sia dalj
realizuoti naudojant CUDA technologijas. Tam visi 3 objekty
déjimo algoritmai pritaikyti lygiagretiems skai¢iavimams.

Apatinio kairiojo kampo ir patobulinta apatinio kairiojo
kampo algoritmus galima lygiagreciai vykdyti tokiame giju
skaiciuje, kiek objekty tuo metu yra lakSte. Stimimo Zemyn
zingsnyje kiekviena gija pirmiausiai identifikuoja, ar objektas
aktualus paieskai (bent dalis objekto turi biiti po dedamu
objektu). Tuomet, kiekviena gija pazymi jos tikrinamo objekto
uzimamag auksCio intervalg (Siame intervale jau yra objektas,
todél naujas nebegali biti dedamas). Galiausiai, viena
gija (esant dideliems objekto ir lakSto matmeny skirtumams, Sis
veiksmas tai pat padalinamas kelioms gijos po lygiai) perziiri
pazyméta informacijg ir patikrina, ar yra nepazymeétas reikiamo
dydzio intervalas. Atitinkami veiksmai vykdomi ir objekta
stumiant j kaire.

Skenavimo algoritmo jgyvendinimas §iek tiek skiriasi. Cia
gijy kiekis pasirinktas pagal laksto aukstj. Kiekviena gija
nagrin¢ja galimybe, kad apatinius kairiuoju objekto déjimo
kampu bus viena i$ jos nagrin¢jamos eilutés pozicijy. Tinkamo
taSko eilutéje radimui taikomas toks pats principas, kaip ir
vietai, | kurig objektas dedamas apatinio kairiojo kampo ir
patobulinto apatinio kairiojo kampo algoritmuose, nustatyti.

IV. REZULTATAI

Algoritmas realizuotas naudojant .NET 4.6 technologijas
bei Cudafy.NET biblioteka .NET kodui transformuoti j} CUDA
koda. Tyrimai daryti neSiojamame kompiuteryje, kuris turi
Intel® Core™ i7-4710HQ 2,5 GHz procesoriy, 8 GB darbinés
atminties (RAM) ir NVIDIA GeForce GTX 850M GPU.
Palyginimui pasirinktas C. Bluma ir V. Schmido pasitlytas
algoritmas [8]. Sis algoritmas $iuo metu pasiekia vienus i$
geriausiy rezultaty. Pasirinkti pirmy penkiy klasiy (I-V)
duomenys. Informacija apie $ias duomeny klases pateikta
I lenteléje. Kiekvienoje klaséje objekty kiekis yra i§ aibés {20,
40, 60, 80, 100}. Kiekvienai klasei ir kiekvienam objekty
kiekiui pateikiama po 10 duomeny rinkiniy. Taip i§ viso
gaunama 250 duomeny rinkiniy algoritmams palyginti.

Zinoma, negalima tiesiogiai palyginti C. Bluma ir
V. Schmido gauty sprendimo laiky su Siame darbe pasitilyto
algoritmo sprendimo laikais, kadangi kompiuteriy parametrai



zenkliai skyresi. Sie laikai pasirinkti kaip atskaitos taskas, kurj
CUDA technologijomis realizuotas algoritmas turéty jveikti.

ILENTELE.  DUOMENU RINKINIU KLASES
Klasé Ohjelfto Objevkto Lak§.t0 Lal(§t0
plotis aukstis plotis aukstis
I [1;10] [1;10] 10 10
I [1,10] [1; 10] 30 30
I [1;35] [1;35] 40 40
v [1;35] [1; 35] 100 100
A\ [1; 100] [1,100] 100 100
Gauti rezultatai apibendrinti I lenteléje. Kiekvienoje

eilutéje pateikiami 10 duomeny rinkiniy jungtiniai rezultatai.
Pirmame stulpelyje pateikiamas objekty kiekis klaséje,
antrame — geriausias iki $iol zinomas $iy 10 duomeny rinkiniy
sprendimo rezultatas (LB, angl. Lower bound). Rezultaty
palyginimas  pateiktas dviem  stulpeliais:  pirmajame
pateikiamas algoritmo gautas rezultatas, o antrajame — laikas,
per kurj rezultatas pasiektas. Paskutinéje eilutéje pateikiama
visy reikalingy laksty kiekiy suma ir vidutis vieno duomeny
rinkinio vykdymo laikas.

Rezultaty patikimumui uztikrinti buvo imtasi keliy
priemoniy. Visy pirma, naudojamas kompiuteris buvo atjungtas
nuo interneto. Taip pat buvo i§jungtos visos programos ir
procesai, kuriy nereikia normaliam operacinés sistemos darbui
uztikrinti. Galiausiai, skaiCiavimai su kiekvienu duomeny
rinkiniu buvo vykdomi bent po 2 kartus. Jei abiejy vykdymy
laikai buvo panaSiis — imamas §iy laiky vidurkis. PrieSingu
atveju skaiciavimai su duomeny rinkiniu buvo vykdomi trecig
kartg. Tuomet buvo atsisakoma labiausiai nukrypusio rezultato
ir pateikiamas 2 artimesniy rezultaty vidurkis.

Palyginus rezultatus galima pastebéti, kad CUDA vykdyti
skai¢iavimai nusileidzia C. Bluma ir V. Schmido gautiems
rezultatams. Pirmiausia tai priverté suabejoti realizacijos
korektiskumu. Dél to buvo atliktas papildomas realizuotos
programos tyrimas naudojant ANTS Performance Profiler. Sis
jrankis leidzia iSanalizuoti, kurios programos vietos vykdomos
daugiausiai laiko. Atlikus Sig analiz¢ pastebéta, kad apie 60 %
laiko programa praleidzia siysdama duomenis tarp CPU ir
GPU. Tai visiSkai neefektyvu. Jei atmestuméme Siuos 60 %
laiko, tada vidutinis vykdymo laikas nuo 5,39 s nukristy iki
2,16s. Sie rezultatai verdia susimgstyti apie reikalingus
realizacijos pakeitimus.

V. ISVADOS IR TOLIMESNI DARBAI

Si evoliucinio euristinio algoritmo realizacija yra
neefektyvi. Dél nuolatinio duomeny perdavimo tarp CPU ir
GPU labai smarkiai nukencia vykdymo laikas. Reikia
sumazinti bendravimg tarp CPU ir GPU. Tam reikia ne tik
atskiry programos daliy (dabartiniu atveju tik dé&jimo
algoritmy), bet viso evoliucinio euristinio algoritmo pritaikymo
skai¢iavimas GPU. Tai ir bus tolimesnis darbas.

Taip pat reikéty atsisakyti Cudafy.NET bibliotekos ir
tiesiogiai naudoti CUDA teikiama sasaja. Sistemos kiirimo
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metu pastebétos kelios bibliotekos klaidos, dél kuriy
sugeneruotas kodas kartais biina neteisingas arba neoptimalus.

I LENTELE. REZULTATU PALYGINIMAS
Urdavinys LB EA-LGFi [-8] Siame darbe pas.iﬁlytas
Rezultatas | Laikas (s) | Rezultatas Laikas (s)
I'klasé
20 71 71 0,00 71 0,00
40 134 134 0,00 134 0,00
60 197 200 0,01 200 0,00
80 274 275 0,00 275 0,00
100 317 317 0,00 317 0,00
I klase
20 10 10 0,00 10 0,01
40 19 19 0,00 19 0,01
60 25 25 0,00 25 0,01
80 31 31 0,00 31 0,01
100 39 39 0,00 39 0,01
III klase
20 51 51 0,02 51 0,04
40 92 94 0,01 94 0,05
60 136 139 0,27 139 1,02
80 187 189 20,68 189 39,85
100 221 224 26,17 223 44,21
IV klase
20 10 10 0,00 10 0,02
40 19 19 0,00 19 0,02
60 23 23 12,18 25 0,03
80 30 31 0,00 32 14,36
100 37 37 0,00 38 0,04
V klase
20 65 65 0,00 65 0,01
40 119 119 0,03 119 0,04
60 179 180 0,14 180 0,17
80 241 247 0,03 247 0,03
100 279 284 27,33 284 34,62
Rezultatai | 2806 2833 3,47 2836 5,39
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Abstract — Task and project management is an important task of
each company. Such companies need task and project
management software to efficiently manage processes, focused on
the successful, rapid and high quality implementation of the
project. This paper researches tasks and projects management
system software design and development process, in order to give
the company an innovative, quick and user-configurable system.
The system provides functions such as management of company’s
employees, task scheduling, employee employment tracking, task
calendar, document management, etc. Task and project
management system can reduce enterprise project management
costs, improve project quality and increase enterprise
productivity. Based on the Ext JS framework and MVC
architecture, implemented system provides responsive user
interface and feature-rich cross-platform web application.

Keywords — Task management; Project management; MVC; Ext
JS; REST;

I. INTRODUCTION

At present, companies offering employees a flexible
work schedule or the ability to work in a comfortable and
always changing workplace, encounter problems, how to
manage employees employment and maintain the company's
productivity [1]. Successful and comfortable work planning
and distribution of work is an important task of each company.
Such companies need task and project management software
to effectively manage processes, focusing on the unique
achievement of the objective (e.g. the creation of a product or
service) that has a beginning and an ending, and limited
resources [2]. All business processes must be managed at the
lowest possible cost to manage projects, tasks, documents, and
other daily events taking place in the company.

This paper analyses the task and project management
system development, using MVC (Model-View-Controller)
architecture. This architecture allows separating presentation,
content and logic layers to adapt to the complex user interface
design requirements for the development of an online web
system [3]. REST service coupled with the MVC architecture
simplifies the query communication between the user and the
server-side part, increases query and programming code
readability and legibility of the modules, simplifies the system
by providing simpler system scalability.

Ext JS framework provides comprehensive and
convenient data management functionality that implements
asynchronous communication between the client requests and
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server responses reduces the queries response and data display
time [4]. Sending requests in JSON format, allows saving
transferred data traffic.

II. SYSTEM REQUIREMENTS ANALYSIS AND FEATURES

A. System requirements analysis

Along with the fast pace of work and urgent task
changes the system must be integrated into other systems used
by users on various convenient ways. Sending emails to user
mailboxes and messages to consumers' mobile devices reduces
the time from the point of task submission to the moment
when task actually reaches a consumer.

Task and project management system has two kinds
of user roles: project managers and tasks executors. Project
managers have the highest rights and have the ability to
manage the company's database of contacts, projects,
employees, also create tasks to other users, manage tasks files,
export / import tasks in XLSX, CSV format. Also, project
manager’s role inherits all rights of task executor. Task
executor role dedicated to the assigned tasks preview, tasks
execution or submitting additional information about the task.
Tasks are divided into five stages: design, execution, testing,
delivered to the client and completed. Notifications about task
creation or changes of the task status are sent by e-mail with
all required information about the task.

B. System features

According to given requirements for the system there
is a need for internet based application designed for task and
project management through a web browser. To create system
there is necessary to implement these packages: user interface
module, a project manager interface module, email sending
module and communication with the database module. Users
can access system only after successful authorization with the
personal data in order to store all users performed actions in
the database. As long as users have to use the system on a
daily basis, there is implemented an intuitive user interface
that allows users to arrange objects according to their needs to
reach system comfortability and usability. System features
design is showed in Figure 1.
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Figure 1. System features design

According to Figure 1 system can be distinguished
into five user interface modules: contacts module, tasks
module, employees module, projects module, documents
module.

III. TECHNOLOGY SELECTION

A. MVC achitecture

MVC operation is based on the separation of
concerns (SoC) principle [5]. This means that the program is
decomposed into the different parts that their functionality or
requirements do not overlap. This principle is applied in many
places. One example would be HTML and CSS. HTML is
designed to specify the document structure while CSS defines
how the document should look like. In object-oriented
programming languages this principle is reflected by splitting
tasks into objects and their methods.

The principle of the MVC gets the separation of
logic, presentation and content layers. The three parts of MVC
are responsible for their own activity:

e  Model — data management or application unit of
certain area.
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View — gives the appearance of a program model
suitable for the user to understand (forms, lists, etc.).
Web application is nothing more than the generated
HTML / CSS code.

Controller — responsible for the model management
and view changes according to appropriate user
interaction like button press, text entry.

B. ExtJS framework

Ext JS framework is an open source JavaScript
library that provides extensive component library which
makes it possible to use asynchronous Ajax requests [6],
DOM, CSS, HTML and other technologies for building
feature-rich cross-platform Web applications targeting the
desktop, tablets, and smartphones. Ext JS leverages HTMLS
features on modern browsers while maintaining compatibility
and functionality for legacy browsers.

Ext JS provides hundreds of high-quality UI widgets
that are meticulously designed to meet both the needs of the
easiest web applications, as well as the most complex web
applications. Ext JS templates and layout manager gives
complete control of the screen, regardless of the devices and
screen sizes. Advanced charting package allows visualize
large amounts of data. This system includes a robust data
packet that can use data from any backend data source. Ext JS
also offers a number of out-of-the-box themes and full
theming support. Ext JS also includes the availability of a
package (ARIA) for people with disabilities to help Section
508 compliance [7].

There are many different JavaScript frameworks
available. JavaScript MVC architecture frameworks
comparisons, according to important features which are
needed for task and project management system development
are shown in table 1.

TABLE L JAVASCRIPT FRAMEWORKS COMPARISON
R AFRE BRI
& Z 0% | & E
z E .
UI binding 4 v
Reusable components v v v
Routing v v
Composed views v v
Grid v v
Rich text editor v v
Charts v
Cross broswer support 4 v v v v
Offline storage v v
Developer tools v




Ext JS framework chosen to establish a system
adapted for convenient everyday use, depending on the
usability of the system. Ext JS framework provides many
objects that can be modified according to each user's needs.
Integrating some of these objects to task and management
system we obtain an intuitive, user-configurable user interface.

C. REST server

Representational ~ State  Transfer (REST) is
architectural style for distributed hypermedia systems. REST
ignores the details of component implementation and protocol
syntax in order to focus on the roles of components, the
constraints upon their interaction with other components, and
their interpretation of significant data elements [8, 9].

This paper uses simplified open source REST service
designed for PHP programming language, which was written
by Jacob Wright [10].

REST is a way of formatting the URL of tasks and
projects management web application. For example, if
application is sending HTTP GET request to server with URL
domain.com/tasks — server will return JSON object containing
data about all tasks. Also if we are sending HTTP GET
request with domain.com/tasks/:id — server returns only one
task by given ID. In the same way we can use HTTP POST
requests to create new records, HTTP PUT requests to update
record by given ID and HTTP DELETE requests to delete
record by given ID.

D. Other used technologies

Other technologies and the programming language
that was used during the development of the task and project
management system are listed below:

e Programing languages — PHP 5.5.10, JavaScript

Web server — Internet Information Services (IIS) 7
Database — Microsoft SQL server 2008
Operating system — Microsoft Windows Server 2008
Service Pack 2

IV. DEVELOPED SYSTEM

Task and project management system goal — improve
enterprise tasks management process. At any time, while using
system we can see currently running processes in the
company, state of running tasks and their progress. Also the
employment of employees can be evenly distributed.

A. System design

The system consists of the IIS server, SQL Server
database and mail server. In the IIS server there is placed all
software code.

A key element of the system is placed in the IIS
server - the user interface module based on Ext JS framework
and using the MVC architecture combines the working
environment of two user roles. Using that kind of the
architecture of the system can always be extended with
additional modules. Also, in the IIS server hosted Ext JS
framework source files and programmed REST API, which
includes database management methods and XLSX / CSV file
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generation, parsing methods. Connections between system
object structure is showed in Figure 2.

—
== User
=)
L X\
HTTP
1IS (Internet Information
Server)
User interface
(JavaScript, ExtJS) Exts framework
Ajax/JSON
v
REST API - > Helper classes
XLSX, Csv
parser/generator
OoDBC SMTP
\
= ____ = B m——

Figure 2. Connections between system objects

User using computer browser connects to the system
via HTTP protocol. The user interface communicates with the
server using Ajax requests, which enables to make queries
asynchronously. The data transmitted in the JSON format. The
server provides query the database using ODBC API, emails
sent via the SMTP protocol.

B. Task lifecycle

Tasks are the main object of tasks and projects
management system. Task lifecycle and state diagram is
showed in Figure 3.

Create

Assigned to the
designer

Task
rejected

Task described Task

incomprehensible

Re-assign

Assigned to the

Does not meet
requirements

Found 14k completed
error

Re-assign

Assigned to the
tester

All tests passed

Problem found Delivered to the
client

Task working correctly

Finished

OI

Figure 3. Task lifecycle diagram



In this paper task lifecycle is divided into five stages:
Assigned to the designer — status in which the
designer designs the task to extract and provide all
the necessary information about a task that will be
required during the execution of the task. The
designer also assigns a person responsible for the task
execution and testing. At the end of the design, the
designer transmits task to executor.

Assigned to the executor — state in which the task is
executed. If executor cannot perform the task or task
is incomprehensible according to the description then
it can be returned to design status. Also, the task can
be re-assigned to another employee who can
complete the task. If the task has been completed
successfully, then task can be transferred to the
testing stage.

Assigned to the tester — status in which task testing is
performed. If error is found during testing, the task is
returned to the executor. If there is observed that the
task does not meet requirements or specifications, the
task is returned to the design state. After successful
testing process, the task is being delivered to
customer.

Delivered to the client — state when the task has been
completed, tested and given to the client for further
use. If customer notices inaccuracies, the task is
returned to design stage with customer comments and
all the task process starts from the beginning. If the
customer does not provide observations about the
incorrect functioning or customer confirms the
correctness of the task operation — the task is
completed.

Finished — state when task is completed and marked
as finished. Finished tasks are stored in the system
database, in order to display project and task history
and statistics related to task.

V. CONCLUSIONS

Developed task and project management system
allows companies manage and monitor the company's
task and project management process, improving the
traceability of tasks and increasing the company's
productivity.

According to requirements developed an online
system, accessible through a computer, tablet or
smartphone web  browser with  maintaining
compatibility and functionality for legacy browsers.
The system is realized based on Ext JS framework
using the MVC architecture, which realizes the
feature-rich cross-platform web application. Feature-
rich widgets provide users comfortable responsive
workplace.

In this paper, the task lifecycle is divided into five
main stages: design, execution, testing, delivered to
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client and finished. Every task stage have assigned
responsible person, who is responsible for particular
stage quality.

e A system can be used in various companies for tasks
employment planning, tasks process monitoring,
performed work history trail. Email services inform
system users about new tasks and task status changes,
to ensure faster task information delivery.
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Santrauka — kasdien augant skaitmeninés informacijos kiekiui, vis
aktualesné tampa semantiné paieSka. Semantiné paieSka padeda i§
nestruktiirizuoty teksty iSgauti daugiau informacijos, nei atliekant
paieska pagal raktinius ZodZius. Vienas i§ kokybiskesn¢ semantine
paieSka leidZianciy jgyvendinti komponenty yra anafory
sprendimas. Anafory sprendimo sistemos lietuviy kalbai Siuo
metu yra kuriamos. Taciau jrankiu, leidZian¢iy efektyviai jvertinti
sukurtus ar kuriamus anafory sprendimus, néra. Todél buvo
nuspresta sukurti kompiuterizuota jrankio prototipa ASAS, kuris
ir pristatytas Siame straipsnyje. ASAS suteikia galimybe jvertinti
anafory sprendimus, sukuriant anafory anotavimo tekstyna ir jo
etalona, automati§kai palyginant anafory sprendimo sistemos
suzZymétas anafory anotacijas tekstyne su etalonu.

Raktiniai ZodZiai — ASAS, anaforos, lietuviy kalbos anafory
sprendimo analizé ir jvertinimas, semantika, natiralios kalbos
apdorojimas, skaitmeniné informacija, koreferencijos.

L IVADAS

Nuolat augant internete publikuojamos informacijos
kiekiui, prasminga paieska nestruktiirizuotuose tekstuose tampa
vis svarbesné. Prasmingos, ne vien tik raktazodziais gristos
paieskos jgyvendinime svarby vaidmenj atlieka nattralios
kalbos apdorojimo (NKA) sistemos, t. y. sistemos, kurios
automatiskai iSanalizuoja teksta, nustato jo struktiira, zodziy
morfologines savybes, junginius, sakiniy sintaksg, jvardytas
esybes ir kitas teksto ir jo daliy savybes. Turint patikimai
veikianCias NKA sistemas galima semantinés paieskos
tekstuose plétoti sprendimus, leidziancius tiksliau atsakyti i
vartotojy pateiktas uzklausas, sumazinti rankinio paieskos
darbo apimtis.

Informacijos apie NKA sprendimus vyraujanc¢ioms pasaulio
kalboms galima rasti jau nuo 1970 m. Tuo tarpu NKA
sprendimai lietuviy kalbai pradéti kurti palyginti neseniai ir
rySkesné pazanga stebima per pastaruosius keleta mety.
2015 metais VDU ir KTU vykdyto projekto Semantika-LT
(,,Lietuviy kalbos sintaksinés — semantinés analizés sistema
tekstynui, lietuviSkam internetui ir vieSojo sektoriaus
taikymams®, vykdytas pagal Ekonomikos augimo veiksmy
programos 3 prioriteto ,Informaciné visuomené visiems*
jgyvendinimo priemon¢ Nr. VP2-3.1-IVPK-12-K , Lietuviy
kalba informacinéje visuomengje) metu buvo sukurta lietuviy
kalbos sintaksinés semantinés analizés informaciné sistema
(LKSSAIS), teikianti vartotojams NKA ir semantinés paieskos
tekstuose paslaugas. LKSSAIS semantiné paieSka grindziama
teksty morfologine, sintaksine ir jvardyty esybiy informacija,
kurig pateikia atitinkami LKSSAIS NKA komponentai. Taciau
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§i informacija leidzia realizuoti tik ribota informacijos
atpazinimg. Geresniy rezultaty buty galima tikétis, jei
semantinei teksty analizei biity pateikta informacija apie
anaforas. Anafory sprendimas yra svarbi NKA sistemos dalis.

Anafora yra vienas i§ koreferencijos rySio tipy, kurj ji
detalizuoja: iSskiriamas anaforos pirmtakas ir objektas.
Anafory sprendimo [1] metu atpazjstami skirtingose teksto
vietose esantys to paties subjekto paminéjimai, kurie susiejami
anaforos rySiu. Anaforos objektai, kaip atskiri zodziai, daznai
neturi jokios prasmés (pvz., jvardinés anaforos objektai), bet
susiejus juos su anaforos pirmtaku, jie jgauna prasme, kuria
suteikia anaforos pirmtakas. Dél to, apdorojant teksta, yra
galimybé i§ jo iSgauti daugiau informacijos. PavyzdZiui:
,Tomas §iandien nebuvo mokykloj. Jis sirgo.“ Zodziai
,»Tomas® ir ,Jis“ sudaro anafora (siejasi anaforos rysiu). Be
anafory sprendimo negalétume zinoti, kodél Siandien Tomas
nebuvo mokykloj arba, kas sirgo. Be natiiralios kalbos
apdorojimo netenkama daug panasios informacijos.

Anafory sprendimo sistemos yra labai sudétingos [2].
Pirmasis bandymas sukurti anafory sprendimg lietuviy kalbai
Semantika-LT projekte parodé, kad tokio sprendimo kiirimas
turi buiti laipsniSkas, nuolat tikrinant ir vertinant sukurto
algoritmo kokybe. Norint atlikti tai efektyviai, reikia turéti
metodika ir analiz¢ bei vertinima automatizuojancius jrankius.

Antrame skyriuje apraSomi kriterijai, kuriais turéty
pasizyméti anafory sprendimams vertinti naudojami jrankiai, ir
ju pagrindimas. Treciame skyriuje pristatomas sukurtas jrankio
prototipas ASAS.

II.

Kuriant lietuviy kalbos anafory sprendimo sistemas svarbu
sudaryti salygas jvertinti, ar priimti sprendimai dél anafory
atpazinimo algoritmy duoda gerus rezultatus. Efektyvesniam
vertinimui praversty kompiuterizuotas jrankis, kuris jgalinty
sudaryti anafory anotavimo etaloninj tekstyna ir ji palyginti su
anafory sprendimo sistemos rezultatais, bei i§vesty jvertinimo
matus.

MOTYVACUA

A. Sprendimo jvertinimas, etalono sudarymas ir bendra
prieiga
XX a. 9-0jo deSimtmecio pabaigoje buvo organizuojamos
anglisko teksto automatinio natiiralios kalbos apdorojimo
sistemy konferencijos MUC (angl. Message Understanding
Conference). Pagrindine konferencijy paskirtis buvo jvertinti ir



tarpusavyje palyginti teksto apdorojimo sistemas, joms
atliekant tas pacias uzduotis, t. y. apdorojant tuos pacius tekstus
siekiant gauti tuos pacius rezultatus [3], [4]. Sprendimams
vertinti buvo pasirinkta naudoti dydzius R (iS§samumas),
P (tikslumas) ir F-verté.

Issamumas R (1), kilgs i§ signaly teorijos, parodo santykj
tarp gauty teisingy rezultaty C ir visy tekste esanciy rezultaty
T kiekiy.

R=cC/T (1

Tikslumas P (2) parodo santykj tarp tekste gauty teisingy
rezultaty C ir visy gauty rezultaty F kiekiy.

R=C/F 2

Sioms charakteristikoms papildomai vertinti naudojama
F-verté (angl. F-measure) (3). Tai yra harmonin¢ isSraiSka tarp
tikslumo (P) ir iSsamumo (R).

F=@xPxR)/(P+R) 3)

Automatiniy sprendimy jvertinimas apdorojant skirtinga
teksta negaléjo biiti lyginamas, nes skirtingi algoritmai
vertinant skirtingo ilgio ar Zanro tekstus gali kiekviengkart
pasirodyti  skirtingai.  Todél  MUC  konferencijose
automatiniams sprendimams jvertinti reikéjo pateikti tas pacias
uzduotis. Tuo tikslu buvo sukurtas tekstynas ir sudarytas
tekstyno etalonas (angl. gold standard corpus). Norint iSvengti
netikslumy dél minéty problemy, tekstas turéjo buti ilgas ir
turintis daug skirtingy zodziy. Treciosios MUC konferencijos
metu buvo naudojamas teksty rinkinys, kurj sudaré
400 000 Zodziy, i$ kuriy 18 000 buvo skirtingi.

Konferencijy metu pasirinkti jver¢iai ir sudaryti tekstynai,
i§ dalies ar pilna apimti naudojami iki Siol. Jais jvertinamos
jvairios angly ir kity kalby automatinés teksto apdorojimo
sistemos. Naudojami ne tik minétieji jverciai, bet ir nuorody
daznumas RR (4) — panasus | tiksluma matas, bet vietoje
vardiklyje naudojamo sistemos gauty teisingy rezultaty kiekio
imama visy tekste esanciy rezultaty (T) ir sistemos blogy
rezultaty (E) kiekiy suma.

RR =C/(T+E) “

Siuo metu angly kalboje vertinant jvairius sprendimus yra
naudojami MUC konferencijy teksty rinkiniai [5], [6]. Tokiu
btdu sprendimai gali biiti palyginami pavieniui (angl. off-site).

Dél skirtumy tarp kalby anafory sprendimo sistemos negali
biti daugiakalbés ir lietuviy kalbai angliski MUC tekstynai
negali biiti naudojami. Bet lietuviy kalbos tekstyno, kuriam
sudarytas anafory anotavimo etalonas, §iuo metu néra.

Tekstyno ir jo etalono sudarymo procesas yra labai
sudétingas procesas: surinkti tinkamo ilgio ir sudétingumo
tekstus, turinCius daug skirtingy zodziy, sudaryti jy anotavimo
etalonus, suzymint anaforas tekste rankiniu biidu, gali tik
lietuviy kalbos specialistas, o norint sprendimus palyginti
tarpusavyje skirtingi ktiréjai turi naudoti tg patj tekstyng. Todél
kompiuterizuota jrankj tikslinga naudoti ne tik tekstynui ir jo
etalonui sudaryti, bet ir galimybei skirtingiems anafory
sprendimo sistemy kiiréjams prieiti prie sudaryto tekstyno.
Pri¢jimas prie vieningos sudarytos duomeny bazés jgalina
anafory sprendimo jvertinimg pavieniui. Be to, sutaupo resursy,
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nes nereikia sudarinéti tekstyno ir jo etalono. Antra, net ir
naudojant bendrai prieinamus tuos pacius tekstynus, norint
gauti sprendimy jvertinimo dydZius tikslinga naudoti
kompiuterizuota jrankj — ver¢iy apskaiciavimas rankiniu biidu
buty ypac imlus darbui ir laikui.

B. Skirtingi anafory tipai

Anaforos yra skirstomos j tipus. Pagal anaforos objekto tipg ir
del skirtumy tarp kalby, jos kiekvienoje kalboje
klasifikuojamos skirtingai. 2014 m. buvo pasiillyta pirmoji
lietuviy kalbos anafory taksonomija [7], kurioje buvo isskirti
3 anafory tipai: morfologinio, leksinio semantinio ir dalykinés
srities tipo. Tipai  buvo suskirstyti | daugiau potipiy.
Pavyzdziui, tikrinio daiktavardzio — Tomas, Petras; vietos
prieveiksmio — cia, ten; asmeninio jvardzio — as, tu, jie, jos.
Daugelis kitoms kalboms esamy anafory sprendimy nesugeba
atpazinti visy anafory tipy.

Pirmieji anafory sprendimai, kuriami lietuviy kalbai, yra
skirti jvardinéms anaforoms atpazinti. Svarbu, kad sprendimo
ivertinimo jrankis suteikty galimybe, kuriant etaloninj tekstyna,
i§skirti anafory tipus ir jvertinti algoritmg sprendziant tik tam
tikro tipo anaforas. Be to, kol néra nusistovéjusios ir bendrai
pripazjstamos anafory taksonomijos lietuviy kalbai, svarbu
irankyje turéti galimybe laisvai sukurti naujus tipus ar redaguoti
esamus.

C. Sprendimo rezultaty analizé — grafinis palyginimas

Kiréjui, kurian¢iam anafory sprendimo sistemg, svarbu
pamatyti konkrecius sistemos jvercius. Tokiu biidu kiiréjas gali
zinoti savo progresg. Bet tam, kad kiiréjas galéty tobulinti
sistema, reikia zinoti, kurias anaforas sistema atpazino gerai, o
kuriy neatpazino ar atpazino klaidingai. Be grafinio rezultaty
atvaizdavimo detali, rankiniu budu atlickama rezultaty analizé
biity ypa¢ imli darbui. Rezultaty analizés efektyvumui pagerinti
tikslinga naudoti grafinj sprendimo rezultato su etalonu
palyginima, kurj galéty pateikti kompiuterizuotas jrankis.

D. Duomeny mainai

Pagrindiniai formatai, kuriuos naudoja jvairtis sprendimai
[81, [9], [10], veikiantys natiiralios kalbos apdorojimo srityje,
yra XML ir JSON. Naudojant XML formata, lyginant su JSON,
labiau yra apkraunama kompiuterio laikinoji atmintis, bet
lengviau skaitomas zmogui ir galimas didesnis apdorojimo
greitis. Ir atvirk§c¢iai: naudojant JSON, reikia maziau atminties,
bet sunkiai zmogaus skaitomas, o programinis apdorojimas
létesnis nei XML. Tiek pirmieji kuriami automatiniai anafory
sprendimai, tiek kiti natiiralios kalbos apdorojimo sprendimai
lietuviy kalboje (projektas Semantika-LT) duomenims pateikti
naudoja JSON formata. Siekiant iSlaikyti kitose sistemose
priimty sprendimy t¢stinuma ir taip uZtikrinti naujy sprendimy
integravima, biity tikslinga pasirinkti JSON formata. Be to,
esant reikalui, yra jmanoma sukurti programas, kurios jgalinty
duomeny konversija tarp formaty.

E. Kiti svarbus aspektai

Lietuviy kalba NKA srityje laikytina neturinti pakankamai
iStekliy (angl. under-resourced), todél néra nusistovéjusiy
poreikiy jvertinant lietuviy kalbos anafory sprendimus. Be to,
daugelis jrankiy po sukiirimo daznai yra netobulinami ir
nepalaikomi. Todé¢l atvirojo kodo formatas leisty adaptuoti



jrankj pagal besikeiCianéius vartotojy poreikius ir pratesti
irankio palaikymg ir tobulinima susiklosCius situacijai, kai
autorius nusprendzia nepratgsti  jrankio palaikymo ir
tobulinimo.

Svarbi jrankio savybe turéty biti greitas iSmokstamumas
juo naudotis. Greit i$mokus, pavyzdziui, per dieng, naudotojas
galéty jrankiu dirbti veiksmingai ir naSiai.

F. Esami anafory anotavimo / jvertinimo sprendimai

Esamiems jrankiams palyginti pasirinkti 8 kriterijai: ko-
referencijy anotavimo galimybé, anafory anotavimo galimybe,
jvertinimo rezultaty pateikimas matais R, P, F, RR, bendros
prieigos galimybé, duomeny mainy palaikymas JSON formatu,
skirtingy anotacijy grafinio palyginimo galimybé, jrankio
tobulinimo galimybé ir ar jmanoma iSmokti naudotis jrankiu
per 1 dieng. Palyginimui ,, Lent. 1 “ buvo pasirinkti 3 jrankiai,
kurie tenkina daugiausiai pasirinkty kriterijy:

1) GATE jrankiy grupé

GATE [9], [11] jrankiai yra kuriami ir palaikomi ne pelno
siekiancios organizacijos, todél visi grupés komponentai yra
atvirojo kodo (sukurti Java programavimo kalba). GATE yra
apdorojimo komponenty integruota kiirimo aplinka (angl.
integrated  development environment) bei informacijos
iSgavimo (angl. Information Extraction) sistema, pateikiama
kartu su daug plétiniy, leidzian¢iu sistema adaptuoti jvairiems
specifiniams poreikiams. Duomeny mainams su iSoriniais
sprendimais GATE naudojamas XML formatas. Bet yra sukurtas
specifinj Twitter JSON palaikantis jskiepis. Standartiniam
JSON formatui turéty buti kuriamas papildomas iskiepis.
Kalbos specifinés raidés palaikomos naudojant unikoda.

Pagrindinis GATE komponentas yra vartotojo kompiuteryje
paleidziama taikomoji programa GATE Developer, kurig
naudojant galima anotuoti ir grafiSkai analizuoti koreferencijy
grandinéle. Taip pat jrankis turi integruota skirtingy anotacijy
jvertinimo funkcija (GATE AnnotationDiff), kuri automatiskai
apskaiciuoja tiksluma, iSsamuma, F-vert¢. Bet be papildomy
priedy GATE Developer negalima zyméti anafory pirmtaky ir
objekty. Jau sukurty tokiy priedy rasti nepavyko. Todél jie
turéty buti sukurti papildomai. GATE Teamware narSykleje
veikianti (internetiné) programa ir GATE Cloud sudaro
bendradarbiavimo galimybes kuriant tekstynus ir jy etalonus.

GATE yra pladiai taikoma sistema, skirta jvairiems NKA
naudotojams:

e programuotojams, kuriantiems programing natliralios
kalbos apdorojimo jranga;

e  kalbos tyréjams;

e kalbos apdorojimo mokytojams ir déstytojams.

D¢l didelio programos pritaikymo galimybiy GATE iSmokti
naudotis yra sunku.

2) eHost

eHost [12] jrankis sukurtas Sveikatos apsaugos
informaciniy tyrimo konsorciumo (angl. A Consortium for
Healthcare Informatics Research), | kur]j jeina Jutos
universitetas ir Solt Leik Si¢io sveikatos apsaugos sistema.

Kiréjy jrankis, kurio pirminé paskirtis yra medicinos teksty
anotavimas, naudojamas jvairiuose projektuose nuo 2010 m.

Pavadinimas eHost yra termino ,,iSpléstinis Zmogaus
irankiy rinkinys“ (angl. extensible Human Oracle Suite of
Tools) santrumpa. Tai yra atvirojo kodo Java programavimo
kalba sukurtas sistemos prototipas, veikiantis per narSykle
vietiniame kompiuteryje. eHost jgalina koncepty, jy savybiy ir
ry$iy tarp jy anotavima.

Pagrindinés jrankio savybés: teksty generavimas ir pirminis
anotavimas i§ zodyny; rankinis ryS$iy anotavimas; kreipiniai j
zodynus naudojant adaptuojama programavimo sasaja (angl.
API); duomeny mainai XML formatu.

3) Anafora

Anafora [10] yra anotavimo jrankis, sukurtas Kolorado
universitete. Tai yra atvirojo kodo jrankis, sukurtas Python
programavimo kalba. Kuriant Anaforg, pagrindiniai kriterijai
buvo lengvas iSmokstamumas ir pritaikomumas tiek maziems,
tiek dideliems projektams ir jvairiy galimy teksto rySiy
anotacijy palaikomumas.

Kiréjy jvardijamas jrankio privalumas ir iSskirtinumas —
Anafora veikia nutolusiame serveryje (debesyje) ir paleidziama
per interneto narSykle. Todél Anafora gali veikti bet kurioje
operacinéje sistemoje be papildomo diegimo ar vietinio
duomeny saugojimo. Dirbant su programa darbiniai duomenys
yra nuolat automatiskai iSsaugomi debesyje. Anafora duomeny
mainams naudoja XML formata.

I LENTELE.  ESAMU [RANKIU PALYGINIMAS
Kriterijus GATE eHost Anafora
Koreferencijy
anotavimo + + +
galimybé
Anafory
anotavimo - - -
galimybé
Ivertinimo
rezultaty i ) )
pateikimas matais
R, P, F,RR
Ber_ldros. prieigos + ) n
galimybé
-+
Duomeny mainai ) ) )
JSON formatu (Twitter
JSON)
Skirtingy
anotacijy grafinis + - -
palyginimas
[rankio
tobulinimo + + +
galimybé




Imanoma i$mokti
naudotis  jrankiu -
per 1 diena

IS nagrinéty jrankiy artimiausias pasirinktiems kriterijams yra
GATE, bet visy keliamy reikalavimy neatitinka. GATE yra
sudétinga iSmokti naudotis (to padaryti per 1 diena nepavyko),
ir jis yra daugiau skirtas sudétingiems kompleksiniams
sprendimams kurti, o ne sprendimams analizuoti ir jvertinti.
Pagrindiné problema yra ta, kad GATE néra pritaikytas detaliam
anafory analizavimui t. y. nesuklirus papildomy jskiepiy
nejmanoma atskirai analizuoti anaforos objekty ar pirmtaky —
galima tik Zyméti koreferencijy grandinéles neisskiriant

okl ASAS - pagrindinis langas

Teksto kategoria: | Naujeros

— uos liandis iSrinko. Kumediai patys uz feodalus prabalsavo.

Eksportuotiteksta |
faily

Eksportuoti etaloning
anotacig

igortmo
anotacig

8 naujo

Baigti darbg

Darbo partija ir jos vadai tick po teismus tampyti, kad jiems galima sava kaléjima statyti (dar i su nuosavu
konserva fabriku). na. ir kas? Ir nieko. Vaikito, vengia. i Seimo tribinos siilé &ulpti jam vena, dabar tiesiog
visiems vidurinjjj pirita laiko atkiSes ir viskas. Uzsivartykit grabais. Ir vis tick yra uz juos balsuojanciuu, ir bus.
Valdanti partija. ka bedarytu, furi puikius reifingus, nes daugumai smoniy visai patinka, kad viskas taip yra_ Meras
skambina mimistrams, Vyriausybés ir teismu sprendimus paderina? Na, tam ir valdsia, kad save refkals tvarkymy
varkes virtn. Gynybos ministras literatiiros premijas vetuoja? Tai ar matét, kokio dyd¥io jo kabinetas. Jis gi
ministras. Merai savo miestuose tvarkosi. kaip feodaliniame tkyje. baudziauninkus varinédami? Tai kas ¢ia tokio

anaforos pirmtaky ir objekty. Todél yra tikslinga sukurti
nepriklausoma jrankj, atitinkantj visus reikiamus kriterijus.

1.

Sukurtasis jrankio prototipas ASAS 1 pav. atitinka
antrajame skyriuje apraSytus Kkriterijus, iSskyrus skirtingy
anotacijy grafinj palyginima. Jrankis §iuo metu yra tobulinamas
ir dar $iais metais (2016 m.) §i funkcija atsiras. Siame skyriuje
pateiktos ASAS realizacijos ir veikimo detalés.

SPRENDIMAS

ASAS veikia vartotojo kompiuteryje su Windows operacine
sistema ir suteikia jos naudotojui galimyb¢ sudaryti anafory
anotavimo etalonus ir juos palyginti su anafory sprendimo
sistemos rezultatais, iSvesdamas jvertinimo matus.

ANOTAVIMO ETALONAS
Pimtakai / passkejai Anaforos objektai
040.Darbo patia irjos vac [0-0jiems
1-0.Darbo paria irjes vac  1-0juss

20valdiia 20.save
30 Grybos minisrss 34jo
vardine 40Gymbos mnists 40.Jis
50, Mersi 50juos
60, Kumediai E0patys

ALGORITMO ANOTACIA
Fimiakai / pasckeiai Anafores objekiai
040.Darbo patia irjos vac  0-0jiems
1-0.Darbo partja rjos vac  10jues
2D valdtia 24, rei

Viso anafory (T): 7
Visa rasta anafory (F):

w

Teisingai atpadinty anafory (C): 2
Neatpazinty anafony kiskis (E):

o

29%
67%

[Esamumas (R):
Tikslumas (F):

Foverts: 0.4
Nuorody dazn. (RR): 0.17

1 pav. ASAS pagrindinis langas

A. ASAS funkcijos

1) Prisijungimas — prisijungimas jvedant paskyros
duomenis: vartotojo varda ir slaptazodj;
2) Tekstyno sudarymas su galimybémis:
a) nustatyti uzbaigtumo zymg tekstyno elementui

(tekstui),
b) klasifikuoti atskirus tekstyno tekstus pagal Zanra
priskiriant jam tipa;

3) Etaloninio tekstyno sudarymas, apimantis anaforos
objekty ir tipy Zyméjima tekste, parenkant anaforos tipa, su
galimybémis:

a) nustatyti uzbaigtumo zZyma,
b) atSaukti uzbaigtumo zZyma;
4) Anafory sprendimo jvertinimas, apimantis:
a) teksto,  kuriam  sudarytas  anafory
eksportavima tekstinio failo pavidalu,

etalonas,
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b) teksto etaloninés anafory anotacijos eksportavima
JSON formatu tekstinio failo pavidalu,

c¢) anafory sprendimo sistemos rezultaty,
tekstiniame faile JSON formatu, importavima,

d) jvertinimo rezultaty gavimg — grafinj atvaizdavimg ir
iver¢iy R, P, F, RR pateikima;

pateikty

5) ASAS parametry konfigliravimas, apimantis:
a) naujy anafory tipy ir jy kody sukiirimg ir seny tipy
(kody) redagavima,
b) naujy teksto tipy sukiirima ir seny tipy redagavima,
¢) uzbaigtumo zymos atSaukima.

B. Sprendimo jgyvendinimas

Prototipas ASAS suprogramuotas programavimo kalba C#.
Jrankis internete prieinamas adresu http://asas.netseptyni.lt

ASAS yra iSleistas Microsoft OneClick Deployment
technologija. Naudojama Microsoft SQL Server duomeny bazé.
Jrankio duomeny bazé ir diegimo prieiga veikia tarnybingje
stotyje, prie kurios jungiamasi su kliento dalimi, kuri yra




jdiegiama vartotojo kompiuteryje i§ diegimo prieigos 2 pav.
Todél ASAS kliento dalis gali veikti tik tuomet, kai yra rySys
su tarnybinés stoties ASAS dalimi. ASAS, kiekviengkart pries
pradédamas darbg (t. y. kai paleidZziama kliento dalis vartotojo
kompiuteryje), tikrina ar néra isleistas atnaujinimas. Jei yra —
automatiskai atsinaujina.

Si diegimo schema suteikia daug privalumy:

e Serverio dalies apkrova: apkraunamas tik SQL serveris,

nes visa programos logika vykdoma vartotojy
kompiuteriuose. Tai leidzia sutaupyti resursy techninei
jrangai;

e Jokie duomenys néra saugomi vartotojy kompiuteriuose
(debesy technologija), todél jie yra vientisi ir visiems
prieinami vienodi. Vartotojams nereikia riipintis dél
atsarginiy duomeny kopijy. Naujiems vartotojams
prieiga prie duomeny gali biiti suteikiama papras¢iausiai
sukuriant jiems paskyra, jgalinan¢ia naudotis jrankiu;

e Ypa¢ paprastas jrankio diegimas, atlieckamas vienu
diegimo failo paspaudimu jj paleidziant;

Sios technologijos pagrindinis trikumas yra tai, kad jrankis

gali buti jdiegtas tik Windows operacinéje sistemoje su jdiegtu
ne zemesniu nei 4.5 versijos . Net karkasu.

Vartotojo kompiuteris «devices
DB serveris
rifact
_ 1~ juse»
cuses s =4 = — 3| eartifacts [
e DBVS
«artifacts 5] | cuses
TePP
e =~ wartifacts =)
| = ASAS_DB
‘*”5 ® cartifacts [ |
Prisijungimas.dil
S «Uses |

-~

|
sartifacts &)
Etalonu_sudarymas.dll I
~
-
~

wartifacts
Algoritmu_ivertinimas.dil

2 pav. ASAS diegimo diagrama

C. Duomeny modelis

Duomeny mainams ir saugojimui naudojama biblioteka
JSON.Net 8.0.2. Anotacijos yra jraSomos JSON formatu
duomeny bazéje string tipo jrase. Pats tekstas saugomas atskiru
string jraSu. Sukirus kiekvieng teksta, jam yra priskiriamas
unikalus identifikacinis numeris, kuris JSON turi buti
pateikiamas priekyje. ASAS §i numerj naudoja teksto
identifikavimui importuojant anotacija. Tiek anafory pirmtakai,
tiek objektai yra saugomi dviem sveikais skaiiais, kuriy
pirmasis nusako pradzios simbolj tekste, o antrasis ilgj.
Anaforos tipo kodo i§saugojimas $iuo metu nejgyvendintas, nes
néra anafory kody klasifikacijos. Kadangi kodui vieta numatyta
i§ anksto, jo vietoje yra saugoma null reik§mé. 3 pav. pateiktas
teksto ir jo anotacijos grafinés vizualizacijos ~ ASAS
programoje ir anotacijos JSON formatu tekstiniame faile,
pavyzdys.
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{"teksto_id":"1014"."anaforos":[ {"pirmtakai":["0,5"],"objektai":["22.3"]."tipo_kodas":null},{"pir

mtakai":["33,8"]."objektai":["76,2"]."tipo_kodas":null}]}
3 pav. Pavyzdinis tekstas ir jo grafiné bei JSON anotacijos.

D. ASAS veikimo aprasymas ir pagrindiniy funkcijy atlikimo
scenarijus

ASAS pries pateikdamas grafing sasaja vartotojui, pirma
automatiskai jungiasi prie diegimo tarnybinés stoties ir
patikrina, ar néra isleisty atnaujinimy.

Jei ASAS negali uzmegzti rysio su diegimo ir duomeny
serveriu, ASAS paleidimas yra nutraukiamas ir parodomas
klaidos pranesimas. UZzmezgus ry$j ir radus atnaujinimy —
ASAS automati$kai atsinaujina naujausiu leidimu. Atsinaujinus
ar neradus atnaujinimy, atidaromas autorizacijos langas,
kuriame reikia jvesti vartotojo varda ir slaptazodj. Vartotojas
autorizuojasi savo paskyra ir pradeda darba. Paskyros tipas gali
biiti dviejy tipy: tyréjas arba administratorius. Nuo to priklauso
prieinamy funkcijy saraSas. Tyréjo role dirbantis vartotojas gali
atlikti 1, 2, 3, 4 funkcijas. Administratorius — visas 5 funkcijas,
t. y. gali konfigiiruoti jrankio ASAS parametrus.

1. Funkcijos ,,2. Tekstyno sudarymas“ scenarijus

e Vartotojas turi biti
administratoriaus role;

e Pagrindiniame lange pasirenkama ,,Sukurti nauja
teksta“ arba ,,Jkelti esama tekstg i tekstyno®;

e Pasirinkus naujo teksto kiirima, rodomas tus¢ias
teksto jvedimo langas ir kategorijos priskyrimo
meniu su neparinkta kategorija. Jkélus jau esamg
teksta, lange rodomas jkeltas tekstas, o meniu —
esama priskirta kategorija. Tol, kol tekstui néra
uzdéta Zyma ,,baigtas”, laikoma, kad tekstas yra

prisijunggs tyréjo arba

nesukurtas ir dar gali biti redaguojamas:
papildomas, taisomas, keiciama kategorija, bet
negali buti pradedamas anafory zyméjimas

(anotavimo etalono sudarymas);

e  Tekstas papildytas gali biiti dviem biidais: jvedant
teksta rankiniu budu arba jklijuojant klavisy
kombinacija Ctrl + V;

e Sudarant nauja teksta arba, toliau tgsiant jau
sukurto  teksto redagavimg, tekstas néra
i§saugomas tol, kol néra pasirenkama i§saugoti.
Tekstg iSsaugant pirmakart (kuriant nauja tekstg),
privalo biiti nustatyta teksto kategorija. Pirmo
iSsaugojimo metu tekstas yra pridedamas |
tekstyng. Testinio redagavimo metu, teksto
kategorija gali biiti pakeista.

II. Funkcijos ,,3. Etaloninio tekstyno sudarymas‘ scenarijus

e Vartotojas turi biti
administratoriaus role;

e Pagrindiniame lange pasirenkama ,Jkelti esama
teksta 1§ tekstyno*;

prisijunggs tyréjo arba



Tuomet pagrindiniame lange atsiranda galimybé
jkelti etalona, jei tekstas turi zymg ,,baigtas*.
Uzkrovus etalong, sarasuose rodomos tekste
suzymétos anaforos. Anaforos taip pat yra
pateikiamos ir grafiskai skirtingomis spalvomis
atvaizduojant pirmtakus ir objektus;

Tol, kol etalonui néra priskirta zZyma ,,baigtas®,
etalono sudarymas gali biiti pratestas: trinamos jau
pazymétos anaforos ar pazymimos naujos;
Sudarant etalong, anafory zyméjimas ar korekcijos
néra i§saugomos tol, kol neparenkama i§saugoti.
4. Anafory sprendimo

III.  Funkcijos jvertinimas*

scenarijus

e Vartotojas turi bati
administratoriaus role;
Pagrindiniame lange pasirenkama uzkrauti esamag
teksta i§ tekstyno;

Tuomet pagrindiniame lange atsiranda galimybé
uzkrauti etalona, jei tekstas turi Zymga ,,baigtas*;
Jei etalonas turi Zyma ,baigtas”, galima
eksportuoti neanotuotg teksta tekstinio failo
pavidalu. Eksportuotas tekstas skirtas anafory
sprendimo sistemai anotuoti arba eksportuoti jj
kaip etaloning anotacijg;

Anafory sprendimo jvertinimas atlickamas
importuojant  anafory sprendimo  anotacijg.
Importavus automatiskai yra iSvedami jvertinimo
kriterijai. Laikoma, kad anafora sprendimo buvo
atpazinta, jei buvo atpazinti visi pirmtakai ir visi
objektai nesuklystant nei vienu simboliu.

prisijunges tyréjo arba

IV. Funkcijos ,,5. ASAS parametry konfigliravimas®
scenarijus

e Vartotojas turi bati
administratoriaus role;
Pasirenkamas nustatymy meniu;

Nustatymy meniy galima pridéti, iStrinti ar
redaguoti esamus anafory tipus, anafory kodus ir
teksty kategorijas 4 pav.

prisijunggs tyréjo arba

ol Nustatymai

Anafory tipai: Teksty kategorjos:
Tipo kodas Tipo pavadinimas Kategorija
AD0L Ivardiné Medicina
Naujienos
Politika
Teisé

Maujas tipas

4 pav. Nustatymy langas

ISVADOS IR ATEITIES DARBAI

Siame straipsnyje buvo pristatytas lietuviy kalbos anafory
sprendimo analizés ir jvertinimo prototipas ASAS. ASAS S§iuo
metu, kiek zinoma, yra vienintelis tam skirtas lietuviskas
jrankis.

Atlikta esamy jrankiy analizé parodé, kad nei vienas i$ jy
neatitiko visy iskelty reikalavimy, todél buvo nuspresta sukurti
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naujg nepriklausoma prototipa. Sukurtas prototipas atitinka 7 i$
8 jam iskelty pagrindiniy reikalavimy, bet Siuo metu yra
tobulinamas ir Siais metais (2016 m.) bus uzbaigtas.

Kadangi Siuo metu (2016 m. vasario mén.) lietuviy kalbos
anafory anotavimo tekstynai ir jy etalonai, naudojantis ASAS,
yra tik sudarinéjami, nebuvo atliktas prototipo eksperimentas su
didesniais duomeny kiekiais. Dél to néra aiSkus ASAS veikimo
stabilumas su didelémis duomeny apimtimis. Su mazais
duomeny kiekiais ASAS veiké be klaidy ir gavo teisingus
imitacinio anafory sprendimo jvertinimo matus.

Siuo metu KTU Informacijos sistemy katedroje yra kuriami
automatiniai anafory sprendimai (projekto Semantika-LT tgsa),
kuriy analizé galés biti atlickama naudojant ASA.

Tolimesniais darbais bus siekiama sudaryti automatinio
anafory sprendimo jvertinimo metodika ir tobulinti jau sukurta
jvertinimo ir analizés prototipa.
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New Radial Basis Function Method
Modelling Borehole Heat Transfer: the theoretical
survey

Audrius Indriulionis, Juozas Bielskus and Pranas Vaitkus

Abstract—The borehole heat exchangers (BHE) are used to
transfer heat from/to the ground or heat could be stored in
the ground for the specific needs. During the last two decades
the various analytical and numerical methods were developed to
predict and analyse in order to design and optimize the BHE
installation and performance parameters. In general, the heat
transfer in BHE is divided into three parts: inside BHE, around
the BHE, and the interactions between BHE’s including the
long-time and short-time heat transfer analysis. In this work, the
method of radial basis function (RBF) is used for the borehole
heat transfers problems. Because a much wider range of physical
phenomena are modelled by the RBF method is an efficient mesh
free technique for the numerical solution of partial differential
equations. The main advantage of numerical methods which
use radial basis functions over traditional techniques is the
meshless property of these methods. In a meshless method, a
set of scattered nodes are used instead of meshing the domain
of the problem. Solving the system of linear equations usually
does not lead to accurate results by most numerical methods,
because condition number of matrix A is large. It means that
the ill-conditioning of matrix A makes the numerical solution
unstable. Tichonov regularization (TR) method are presented
to solve such ill-conditioned systems. In this work, generalized
cross-validation (GCV) method is carried out to determine the
regularization parameter ¢ for the TR method that minimizes
the GCV function. The results of numerical experiments are
presented and some comparisons are made with well-known finite
elements schemes.

Index Terms—borehole heat exchangers (BHE), radial basis
function (RBF), Tichonov regularization (TR), generalized
cross-validation (GCV).

I. INTRODUCTION

HE one of the first mathematical books for heat

conduction in solids was first time introduced by Carslaw
and Jager [1], [2]. The PDE (partial differential equation)
of heat conduction was solved under the general Dirichlet
and Neuman initial initial and boundary conditions. Since
1990’s the numerous applications for borehole heat exchangers
have been developed. The BHE models are divided into
analytical and numerical models. Analytical solutions such as
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line-source [3], [4], [5], cylinder-source [1], [6], [7] , [8],
[9], [10], [11] have been used for analysis and dimensioning
of VBHE. The numerical models are more accurate than
analytical models especially on short-time scales, but may be
computationally inefficient incorporating directly into design
and energy analysis program. The simulated data of large
number of complex grids are pre-computed and stored in
huge DB [12]. The traditional numerical techniques have
been used by various numerical methods such as finite
differences, finite volumes, finite elements etc. by [13], [14],
[15], [16], [17], [18] and [19] to model VBHE. The numerical
schema were based on discretization using polar or cylindrical
grids or meshes. Especially for multidimensional problems
formulated on complexly shaped domains, mesh generation
can be very time consuming. Recently, meshless methods
for the numerical solution of PDEs became popular between
scientists and engineers. In many geological situations when
dealing with a heat conduction in the ground it is not
always possible to specify the boundary conditions or the
initial ground temperature. However in many heat transfer
situations, the surface heat flux and temperature histories must
be determined from transient temperature measurements at one
or more interior locations. This is an inverse heat conduction
problem. Briefly speaking one might say the inverse problems
are concerned with determining causes for a desired or an
observed effect. The main difficulty in the treatment of inverse
problems is the unstability of their solution in the presence
of noise in the measured data. According to the fact that
unknown solutions of inverse problems are determined through
indirect observable data which contain measurement errors,
such problems are naturally unstable. From another point of
view, since the existence, uniqueness, and stability of the
solutions of these problems are not usually confirmed, they
are generally identified as ill-posed, [20] [21], [22]. Hence,
several numerical methods have been proposed for solving the
various kinds of inverse problems. In addition to, ill-posedness
of these kinds of problems, ill-conditioning of the resulting
discretized matrix is the main problem making all numerical
algorithms for determining the solution of these kinds of
problems. Accordingly, within recent years, meshless methods,
as the method of fundamental solution (MFS), radial basis
functions (RBFs) method, and some other methods, have been
applied by many scientists in the field of applied sciences and
engineering. We will present a meshless numerical scheme,
based on the radial basis function of the heat equation, in
order to approximate the solution of a backward inverse



heat conduction problem (BIHCP), the problem in which
an unknown initial condition or/and temperature distribution
in previous time will be determined. This kind of problem
may emerge in many practical application areas such as
geology. On the other hand, since the system of the linear
equations obtained from discretizing the problem in the
presented method is ill-conditioned, Tikhonov regularization
(TR) method is applied in order to solve it. The generalized
cross-validation (GCV) criterion has been assigned to adopt an
optimum amount of the regularization parameter. The structure
of the rest of this work is organized as follows: In Section II,
we represent the mathematical formulation of the problem.
The Numerical study using Radial Basis Function method
(RBF) are described in Section III. Section IV embraces
Tikhonov regularization method with a rule for choosing an
appropriate regularization parameter. In Section V, we present
the obtained numerical results of solving a problem. Section
VI ends in a brief conclusion and some suggestions.

II. MATHEMATICAL FORMULATION OF THE PROBLEM

Let’s denote x = (z,y) two-dimensional case where r*
could be the distance values from the interval [ry_, R]. We
define for different material layers and denote it as k = f (for
fluid), p (for pipe), g (for grout),s (for soil),b (for borehole),
special notation —,4+ would be used for the left and right side
of the boundary. The radial heat transfer model is considered
approximating the U-tube on an equivalent-diameter pipe. The
general input parameters of the model are: g;,; - a constant
heat flux, a fluid thermal capacity C; of the circulating
fluid, the S intersection area of the circulating and in
the equivalent-diameter pipe is kept equal to the U-tube, a
R, is accounted for both fluid and pipe resistances. The
circulating fluid at temperature ws,;q(7) starting from time
7 = 0 changing the temperatures uy(r,, , 7) and u(r;,,7) on
outer boundary of the equivalent-diameter pipe in the grout
region and at the borehole radius 77, on the surrounding
soil, accordingly. Thermal conductivity and thermal diffusivity
parameters could be described on II. A grout region of
thermal conductivity A, and thermal diffusivity o) surrounds
the equivalent-diameter pipe. The borehole is surrounded by
infinite homogeneous soil of thermal conductivity \s(r* >
ry,) and thermal diffusivity as(r* > rj, ). The gin; heat flux
from the fluid to the grout region through the pipe wall is
q(ry., 7). Similarly, the heat flux from the grout region to the
surrounding soil ¢(r, ,7), where the borehole radius is 75, .
The resulting radial heat transfer problem is shown in Figure
1 carefully changing the general schema from [11]. For the
heat transfer problem shown in figure 1 , the temperature
distribution u(r*,7) must satisfy the following radial heat
conduction equation in both the grout and the ground (soil)
regions.
82uk

1 Ouy B i Juy,
or+’

a(r*) or 0% |t

)

where k = g, s. The radial heat flux in the grout and the soil
regions is
Ouk

4", 7) = 27 (A1) G,

@)

56

Ground (Soil) u(r,T)

As,a8s G rout\"\\

Fig. 1. Borehole heat transfer process changed from [11]

TABLE I
SOME RADIAL BASIS FUNCTIONS
RBF Definition
Multiquadratic(MQ) B(x,%;) = b(r;) = \/r; +e

o(x,x5) = o(rj) = ,/TJQ- + 5? !
o(x,x;) = ¢(rj) = (r} + 1) 7"
$(x,%)) = $(rj) = exp~ T+
B(x,%;) = ¢(r5) = Jo(k(y /77 + €3))

Inverse Multiquadratic(IMQ)
Inverse Quadratic(IQ)
Gausian (GA)

Bassel RBF

where k£ = g,s. The heat flux at the grout-soil interface is
continuous and the boundary condition 7* = 7 is

ou ou

)\grout'ar* rr=rr_ = )\soil'ar* rr=rgL o

u(R,T) = const.
3
The boundary condition at the pipe-grout interface then is
u(rp_m) —ulrp,7) = Ry - q(rp,, 7). 4
Here the thermal resistance R, is for both fluid and pipe is
defined as
1 1 T
+o——In(Z5). )
2 >\p'ipe T’;,

The heat balance of the fluid in the pipe with the injected heat
Qinj is

P 27TT‘;+hp

Ou(ry_,7)

(0
Qinj = Cfo or + q(r;+, T)' (6)

The initial temperatures of the fluid in the pipe, the grout and
the soil regions are taken as constants.

0) = const., u(r*,0) =const. r*>ry.. (1)



I11.
A. Radial Basis Function

The ¢;(x) = ¢(r) and x = (z,y) where r = ||x — X,||2
be the Euclidean distance between x; and x are fixed point
and arbitrary point in R? , respectively. RBF" s ¢ are radially
symmetric about X; e.g. depends on distance between x; and
x. Some well known infinitely smooth RBF "s are listen in
Table III, where e the empirically chosen shape parameter
who plays an important role using RBF. The main idea of
using the RBF is the approximation of solution u(x) which
could be expressed with linear combination of RBF Table III.

NUMERICAL STUDY

B. Approximate Solution using RBF

u(X) =u(X,n AT)= Z(‘]¢xx] ®)
where ¢; a unknown coefficients for j ., N, to be
determined by collocation technique. In the case of RBF
method, the spatial domain and its boundary are represented
by a set of scattered nodes (they coincide with the centers
of RBF's). Q@ = QOT, where Q@ = Q..Qg and
T Iypr T4, NTgr. Let denote the set of collocation
points(nodes) = = {x;,;}7_; C [r5_, R] X [0, Tynaz], Where
the total number of nodes in each domain is equal to

N = NFTL + NFT; + Nry + No,, + Nag-

We assume the Z = Zp . ﬂ._.r‘ NZrx NZa, : ﬂEQH, and

s Ths It are known constants where

Er, = {(zj,y;) €211y < /(23 +yi <R, Vr=0}
Zr,.. ={(z;,y5) E.,/x +y] _, Vr}
Er,. = {(zj,y;) € = ,/x +y, =ry,
Erp = {(zj,y;) €E: /2l +y? =R, V7}
Eq,. = {(z;,y;) €E:rpy < ‘/x? +y]2- <r;_, Vr}

S, <

ZQr = {(73]77]]) €
and 2, #0,1=T

\/73+y: <R, Vr}

r;77 FT‘;a FRa QT;‘, QRa r

C. Discretization Schema

The shape parameter ¢ of RBF could be be found by
numerical experiments and the coefficients c(; are determined
the following equation 7

N
ZC?¢(Xi,Xj) =ug(x;),i=1,...,

Jj=1

N,x; € 9)

=r,
Initially, it is assumed that -1

can be solved for cg”.

C;L:C? and the equations below

For internal domains the system of

o7

equations should be used the Cranck - Nickolson schema with
6 =1 and
2

1 a o(Xi, X;
o 19 J _
a(r*) A z::
N
1 w1 (1-0) Z xt,xJ)’ (10)
alr*) AT =
i=1,...,N, xieE%UEQR

The system of equations describe the boundary conditions
below

N
ZC?;%)(X“X]'):UO(R,TZAT), i=1,...,N,x; € Er,
j=1
an
XN: xxJ . Qry
x=r* = )
e o 2y (= A(r) (12)
7";+ € Err;+
\ N e o(x,x;) - i@c’i’-"d)(x,x,)
S 6X X=rp. T \g 8x X=ry_ >
j=1 j=1
TZ S :‘QT; UEQR
13)
CySR al
for n
(1+ Arp)z 59— X Z (%)
Jj=1 J=1
N
CtSsR
Rp"]in] f f P ch 1 p+7xj)7

* =
T‘p, S ‘—*F,,.;7 p+ S ~—‘Q,‘g

(14)

This system of equations can be written in the following
matrix form as

Ac™ =D (15)
where ¢ = (¢, ¢5,...,¢}) Vn € (0, Timqz) and coefficients
matrix A a;; are often ill-conditioned [21], [23] for both direct
and inverse [20] heat transfer problems. The prediction of
approximate solution u(x,n A 7) would be unstable especially
than the input data contains noise. The shape parameter e
also controls the accuracy of the method. In order to get
the accurate results the small value of shape parameter € is
required. We assure that the matrix A doesn’t tend to be
very ill-conditioned because of ¢ — 0. At the same time the
method should be very accurate and not well-conditioned the
uncertainty principle should be satisfied.



IV. REGULARIZATION METHOD AND PARAMETER

Before presenting the regularization method and
regularization parameter, we introduce the singular value
decomposition (SVD) of the coefficient matrix A,

A=wzvT, (16)
where W = [wy,wy,...,wy] € RNV WTW = Iy and
V = [Vl,Z/27...,VN] S RNXN, VTV = IN, where IN

denotes the N-th order identity matrix. The singular values of
matrix A are the diagonal entries of ¥ = diag(o1,09,...,0N)
which are non-negative and are arranged in increasing order
01> 09> ...>0n > 0. Using SVD it’s easy to get solution
for the

T
w; bu;
j
c=xN,
N O'j

an

The conventional L, condition of A is defined as
Cond(A) = Z- , in which oy and oy are the largest and
smallest singular values of A.

A. Regularization method

Solving the system of linear equations usually does not
lead to accurate results by most numerical methods, because
condition number of matrix A is large. It means that the
ill-conditioning of matrix A makes the numerical solution
unstable. Now, in methods as the proposed method in this
study, which is based on RBFs, the condition number of
A depends on some factors such as the shape parameter
e, as well. On the other hand, for fixed values of the
shape parameter ¢, the condition number increases with the
number of scattered nodes N. In practice [24] Matlab
toolbox was used, the shape parameter must be adjusted
with the number of interpolating points. Also, the accuracy
of radial basis functions relies on the shape parameter. So,
in case a suitable amount of it is chosen, the accuracy of
the approximate solution will be increased. Despite various
research works which are done, finding the optimal choice of
the shape parameter is still an open problem . Accordingly,
some regularization methods are presented to solve such
ill-conditioned systems. Tikhonov regularization (TR) method
is mostly used by researchers . Since, small perturbation in
initial data may produce a large amount of perturbation in the
solution, we use the rand function in Matlab in the numerical
example presented and we produce noisy data as the follows:

b* = b;(1 + orand(i)),i =1,..., N

where b; is the exact data, rand(i) is a random number
uniformly distributed in [1, 1], and the magnitude § displays
the noise level of the measurement data. In this method,
the Tichonov regularized solution ¢ for the system of
linear equations is explained as the solution of the following
minimization problem:

min(||Ae = bl|3+¢?| Ivel3) (18)

where ||||2 denotes the Euclidean norm and ¢ is called the
regularization parameter.
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B. Regularization parameter

In this work, we apply GCV [25] to obtain regularization
parameter £. The optimal value of regularization parameter &
minimizes the following (GCV) function:

trace(ly — AAT)?
where A7 = (ATA + €2Iy)"'AT. The regularization

parameter £ have to use for the indirect problems and GC'V
procedure used to solve such ill-conditioned or ill-posed
problems. The regularized solution is shown by ¢f =
[c5, ¢S, - - ,¢%], € is a minimizer of GCV. The approximate
solution for mathematical problem is written as following

N
u(x) =u(x,n AT)= Zc§¢(x, X;) (19)
j=1

V. NUMERICAL EXPERIMENT

In this section the numerical results were validated and
investigated the performance of RBF method. The exact
(numerical) solution was implemented using the Comsol
Multiphysics software applying the finite elements method.
We define the root mean square error (RMSE), relative root
mean square error (RRMSE), the maximum absolut error Eo,

(u) = \/lecv;1 (u(x) — u* (X))2
lec\ll ('Uz(X))2

Eoo(u) = mazi<p<n, [u(x) — u* (x)]|

RRMSE

The following validation schema was implemented. First, the
8 different domains on mesh was selected for monitoring
purposes. All domains for testing points were selected from
the boundary conditions or at fixed distance from the borehole
center. One on the inner wall of pipe 7,_, one on the outer
wall of pipe 7, , three on the borehole radius 7,_,7p,754 and
others are fixed distance from the borehole center r = r..
Second, the time step value was selected for proper time step
(67 = 0.5. Third, the different number of allocation points was
generated on the boundary and internal domain of simulation
area, in total from 100 to 1000. Forth, the distribution of
allocation points could be regular, random, perturbed, showing
the accuracy and quality of estimates. Fifth, one of the
RBF would be selected as Multiquadratic (MQ), Inverse
Multiquadratic (IMQ), Inverse Quadratic (IQ), Bessel RBF
(BRBF). The testing results what RBF approximates the
temperature function, also value of the parameter € is should
be valid. How we performed the simulation it is described
in details below. The total number N = 100,400, 2500 of
allocation points was selected to get the optimal quality of
results. The e values of RBF parameter was selected from
the interval [0.1,0.2] The time step is selected as the most
appropriate for simulation using the fraction like £ = const.



TABLE II
THE LIST OF THERMAL PARAMETERS

Thermal conductivity, Thermal diffusivity

Afluids O fluid r<Tp—

Ar)afr) = § g orie Aol
ground, Aground Tp+ ST < Th—

Asoils Xsoil rpy <r< R

suggested by [26] and % = 100. The duration of simulation
should be no less than 100 hours.

VI. CONCLUSION

Borehole heat transfer problems can be solved by the
radial basis collocation methods. Results shown the shape
parameter of RBF affects the accuracy of the solution.The
shape parameter value of RBF is suggested. Is shown that the
accuracy of solutions is more accurate then the grid spacing
and time step decrease. The u’ solutions of selected test
points gave the same order errors using the finite elements
and RBF methods. Acceptance of these methods depends on
more testing and application to real data. The RBF method
have potential to be acceptable numerical method solving
transient and steady-state borehole heat transfer problems.
The further steps of investigation of RBF method would be
the application to real TRT data and three-dimensional BHE
modelling solving transient and steady-state borehole heat
transfer problems. The simulation of BHE transfer expands the
knowledge abound surrounding ground and hydrogeological
conditions on different layers in the three-dimensions.

APPENDIX A
TABLES OF PARAMETERS

APPENDIX B
NODAL DISTRIBUTION

The geometrical flexibility is one of the most important
advantages of the meshless methods. Such methods are
expected to work well when the problem domain is represented
using scattered nodes. In our numerical experiments
with two- and three-dimensional examples, the interval
[rp—, R] was represented by N9, N7Tand  NPer regularly
(uniformly),randomly and perturbed distribution of nodes,
where N is an arbitrary positive integer. The numbers of
nodes representing the domain  and its boundary I'. In
two-dimensional example, the boundary I' was represented by
two nodes, while in three-dimensional example the boundary I"
consisted of two concentric circles. On each circle, nodes were
distributed regularly (uniformly), randomly and perturbed. The
nodes representing the boundary I" were fixed, while for the
representation of the domain €2 three different strategies were
used.

A. Regular distribution

In one-dimensional example, the domain {2 is represented
by equidistantly distributed nodes

kL
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Fig. 2. Distribution of collocation points: regular, random, perturbed

\ / .:.. o ....“ 0" S ..
e e T I IR

In two-dimensional example, nodes are distributed regularly
on concentric circles:

T, = (ﬂk CcoS 91., Pk sin 91),

k(R—rp)
N-1 >

k=1,....N—-2, 6 =2l

N

where p, = rp +
[=0,...,N -1

B. Perturbed distribution

Regularly distributed nodes are randomly perturbed.
Therefore, the one-dimensional domain {2 is represented by
the nodes

kL
T = ﬁ + rand(xk)

, where rand(xy) are random numbers uniformly distributed
—L L A

IN-1)’ 2(N-D) | k= 1,...,N =2

In three-dimensional example (when the domain Q is

two-dimensional), regularly distributed nodes are perturbed

radially and angularly:

on the interval

x, = ((pr + rand(pyg,)) cos(6; + rand(6y,)),

(20)
(pr + rand(py, ) sin(6; + rand(6y, ))),

are random numbers
—(R—rp) R—mp d
2(N=1) ’ a(N—1) | N

[—%,%}, respectively, k,0 = 0,1,...,N — 1. Perturbed
distribution usually is quite uniform (each node is located on
its own sector).

where rand(py,) and rand(f,)
uniformly distributed on the intervals [

C. Random distribution

The nodes representing the domain 2 are selected randomly.
In two-dimensional example, we set 2, = rand(zy), where
rand(zy) are random numbers uniformly distributed on the
interval [0,L), k = 1,2,...,N — 2. The two-dimensional
domain (2 is represented by the following nodes:

xy, = (rand(py, ) cos(rand(6y,)), rand(py, ) sin(rand(6y, )))

whererand(py, ) and rand (6, ) are random numbers uniformly
distributed on the intervals [r,_, R)] and [0, 2), respectively,
k= 12...,N—-2,1 = 0,1,...,N — 1. If the total
number of nodes is relatively small, the perturbed and random
distributions of nodes can be significantly different. The
density of nodes can be estimated by the fill distance which is
defined as h = sup (x,y) € Qmin,, ezl (@ y) @k, ye) 1>
The fill distance h together with the shape parameter e affect
the convergence rate and error estimates. Insufficiently dense
distribution of the nodes can cause the increasing of the fill
distance and the decreasing of the accuracy of the method. If



the domain is represented by relatively large number of nodes,
the perturbed and random representations are expected to be
very similar and there should not be any significant difference
between the results obtained using the same method with these
two strategies of the domain representation.
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Santrauka straipsnyje nagrinéjamas organizaciniuose
modeliuose esancios informacijos pakartotinis panaudojimas
modeliuojant veiklos procesus (naudojant BPMN standarta).
Pakartotinis panaudojimas realizuotas susiejant organizaciniy
modeliy elementy tipus su veiklos procesy elementy tipais bei
atliekant elementy transformacija | nauja BPMN modelj.
Metodas uZtikrina susiejimo schemy valdyma, leidZia
pakartotinai panaudoti turimas susiejimo schemas naujiems
organizacijos modeliams perkelti. Tokiu biidu sumazZina analitiko
darbo laiko sanaudas bei uzZtikrina duomeny vientisuma kuriant
skirtingus organizacijos modelius.

Raktiniai fodZiai — veiklos procesy modelis; BPMN; organizacijos
modelis; susiejimo schema; transformavimas.

I ]VADAS

Organizaciniai modeliai apraso jmoniy struktiirg, procesus,
zmones, kultira, valdymo sistemas ir technologijas. Sie
modeliai Siandien yra neatsicjama verslo dalis. Informaciniy
sistemy analitikas modeliuoja jvairius organizacinius modelius
(pvz., UPDM (angl. Unified profile for DoDAF and MODAF),
TOGAF (angl. The Open Group Architecture Framework),
UML (angl. Unified Modeling Language), SysML (angl.
Systems Modeling Language), SBVR (angl. Semantics of
Business Vocabulary and Business Rules) ir pan.). Siame
straipsnyje bus kalbama apie tuos organizacinius modelius,
kurie yra sudaromi prie§ veiklos procesy modelj, turint omeny
tai, kad veiklos procesy modelis taip pat yra organizacinis
modelis.

Sudarant jvairius organizacijos modelius, yra tikslinga
turimg informacijg pakartotinai panaudoti sudarant naujus
detalesnius modelius. Informacija yra uzfiksuojama modelyje
naudojant jvairius skirtingus standartus. Kadangi kiekvienas
standartizuotas modelis turi savo metamodelj, taigi formuojant
metamodeliy susiejimo schemas atsiranda galimybé i§ dalies
automatizuotu budu turimg informacija perkelti j nauja kito
standarto modelj. Perkelta informacija galima naudoti
naujiems modeliams sudaryti. Siuo metu daznai informacija
néra pakartotinai panaudojama tarp skirtingy modeliavimo
standarty. Taigi turimi organizacijos modeliai néra efektyviai
pritaikomi sudarant naujus modelius (pvz., veiklos procesy
modeliai). Modeliavimo laikas yra ilgas, modeliai tarpusavyje
néra suderinti.
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Sitlomas sprendimas leidzia turimy organizaciniy modeliy
informacija i§ dalies automatizuotu biidu perkelti | veiklos
procesy modelj. Tokiu biidu sumazinamos laiko sanaudos
modeliuojant veiklos procesus, uztikrinamas pakartotinis
informacijos panaudojimas bei vientisumas.

Straipsnj sudaro keturi skyriai (organizacijos modeliy
analizé, organizacijos modeliy duomeny pakartotinio
panaudojimo veiklos procesy modeliavime metodas, i§vados,
literatiiros sgrasas).

I

Imonés turéty jvertinti ne tik teikiamas paslaugas, bet ir
informacines sistemas, laikui bégant jos tapo verslo dalimi.
Verslo veikla kuria informaciniy sistemy reikalavimus, todél
projektuoti programing jranga reikia pagal verslo specifika, to
nejvykdzius kyla nesusipratimy pavojus. Norint suprasti
kuriamos sistemos tiksla, paskirtj, reikia sukurti veiklos
modelj, kurio pagrindas yra veiklos procesy aprasas. Modelis
atskleidzia tikrovés pagrindinius aspektus, taip pat jame
parodomas esminis tikslas, problema, kuriems skiriamas
tolesnis démesys. Teisingai suprojektuoti modeliai leidzia
lengviau bendradarbiauti skirtingas kompetencijas turintiems
asmenims ir kartu siekti pagrindiniy tiksly.

ORGANIZACIJIOS MODELIY ANALIZE

A. Organizacijos modeliai

Standarty, skirty organizacijai modeliuoti, yra jvairiy.
Vieni pagrindiniy standarty yra Sie: TOGAF, SysML, UPDM,
UML, SBVR.

TOGAF (angl The Open Group Architecture
Framework) — organizacijos architektiiros karkasas.
Pagrindinis TOGAF komponentas - organizacijos
architektiiros  kirimo metodas TOGAF ADM (angl

Architecture Development Method). ArchiMate modeliavimo
kalba yra Sio karkaso pagrindas. TOGAF ADM pagrindiniai

etapai yra:
- Pradinis etapas (angl. Preliminary),
- Reikalavimy  valdymas  (angl.  Requirements
management),

- A. Architektiros vizija (angl. Architecture vision),

- B. Veiklos architektira (angl. Business architecture),

- C. IS architektura (angl. Information systems
architectures),



- D. Technologijy architektira (angl. Technology

architecture),

- E. Galimybés ir sprendimai (angl. Opportunities and

solutions),

- F.  Migracijos

planning),

- G Jgyvendinimo valdymas (angl. Implementation

governance),

- H Pokyciy valdymas (angl. Architecture change

management) [7].

Veiklos procesai yra modeliuojami B. Veiklos architektiira
(angl. Business architecture) etape.

SysML (angl. Systems Modeling Language) — tai yra
sistemy modeliavimo kalba, kurios pagrindas yra UML
modeliavimo  kalba. Padidéjes  sistemy  sudétingumas
reikalauja daugiau sistemiSkumo modeliuojant formalizuotus
sistemy apradus. Sig kalba sudaro 9 pagrindinés diagramos,
leidziancios aprasyti sistemos struktiiras bei funkcionaluma.
Procesai modeliuojami veiklos diagramoje (angl. Activity
diagram) [8].

UPDM (angl. Unified profile for DoDAF and MODAF) —
jungtinis DoDAF ir MODAF profilis. UPDM tai
organizacijos architektliros modeliavimo kalba skirta DoDAF,
MODAF ir NAF architektiroms modeliuoti UML aplinkoje.
UPDM standartas kuriamas OMG organizacijoje padedant
JAV vyriausybei ir kitiems organizacijy nariams. UPDM
sudaro 25 diagramos, i§ kuriy 16 skirta statinei informacijai
modeliuoti, 0 9 — dinaminei organizacijos veiklai. Taip pat,
UPDM turi 7 aspektus (angl. Viewpoint):

- 1. Strateginis aspektas (angl. Capability),

- 2. Veiklos aspektas (angl. Operational),

- 3. Paslaugy aspektas (angl. Service),

- 4. Sistemy aspektas (angl. Systems),

- 5. Projektinis aspektas (angl.Programme),

- 6. Standarty aspektas (angl. Technical),

- 7. Bendrasis aspektas (angl. All views) [9].

Veiklos procesai yra modeliuojami veiklos aspekte (angl.
Operational).

UML (angl. Unified Modeling Language) — modeliavimo
ir specifikacijy kiirimo kalba, skirta specifikuoti, atvaizduoti ir
konstruoti j objekta orientuoty programy dokumentus. UML
yra nuosekli kalba skirta pazyméti sistemos artefaktus.
Sistemos architektai gali naudoti ja apibréziant, vaizduojant,
konstruojant ir dokumentuojant projektus. UML sudaro 15
diagramy. Veiklos procesus modeliuoti skirta veiklos
diagrama (angl. Activity diagram) [3].

SBVR (angl. Semantics of Business Vocabulary and
Business Rules) leidzia aprasyti organizacijos veiklos zodyna
ir jos veiklos taisykles. Jis yra vystomas OMG organizacijoje.
Sis standartas tiksliausiai aprago veiklos semantika. Jis kol kas
néra pla¢iai paplitgs, bet vis populiar¢jantis skirtingose
panaudojimo grupése. SBVR apraSo veiklos procesams
reikalinga Zodyna bei veiklos taisykles [6].

Visi §ie standartai suteikia galimybe kaupti organizacijos
informacija, kuri gali buiti pakartotinai panaudota modeliuojant
veiklos procesus. Atsizvelgiant | modeliy semantika, yra
tinkamos $ios standarty dalys:

planavimas  (angl. Migration
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- UPDM CV strateginis  aspektas, kuriame
specifikuojama architektiros vizija, veiklos etapai,
veiklos tikslai, veiklos funkcijos [10].

- UPDM OV veiklos  aspektas, kuriame
specifikuojami  veiklos objektai, veiklos procesai,
veiklos apribojimai, veiklos duomenys ir duomeny
srautai [10].

- TOGAF A etape yra architektiros  vizijos
parengimas, darbo planas, veiklos tikslai, veiklos
funkeijy jvertinimas [4].

- TOGAF B etape yra pakoreguota vizija, reikalavimy
architektlirai  specifikacija, architektiros aprasas,
architektliros vystymo planas, organizacijy katalogai,
veiklos saveiky matricos, veiklos, panaudos atvejy,
organizacinés struktiiros, procesy ir jvykiy diagramos
[4].

- SBVR veiklos Zodynas turi veiklos esybiy, jy
egzemplioriy bei rySiy tarp jy rinkinj, kurj gali
naudoti bet kokia organizacija [6].

- UML klasiy, veiklos, panaudos atvejy diagramos —
klasiy = diagrama apibudina sistemos struktiira
parodydama sistemos klases, jy atributus bei sarysius
tarp ty klasiy. Veiklos diagrama zingsnis po zZingsnio
atvaizduoja sistemos ir komponenty veiksmus.
Panaudos atvejy diagrama naudojama sistema
sudarantiems pirminiams elementams ir procesams
nustatyti [3].

B. Veiklosprocesasir jo modeliavimo standartai

Veiklos procesai yra sudedamoji kiekvieno i§ anksciau
apibrézty standarty dalis. Nepaisant to, kad jiems modeliuoti
yra naudojama skirtinga notacija, taiau pagrindiniai principai
iSlieka tie patys.

Pagal G. A. Rummlerj ir A. P. Brache, veiklos procesas
yra serija zingsniy, suprojektuoty gaminti produktg ar
paslauga. Pagal OMG, veiklos procesas yra aibé apibrézty
veikly, kurios reprezentuoja reikalingus zingsnius, kad bty
pasiektas verslo tikslas, rinkinys [1].

Kaip minéta anksc¢iau, veiklos procesai yra modeliuojami
Siuose standartuose: UML, SysML, UPDM, TOGAF.
Apibendrinus geraja praktika, buvo sudarytas atskiras
standartas jy modeliavimui, t. y. BPMN. Siuo metu, jo
diagramos daznai integruojamos minétuose standartuose (pvz.,
UPDM, TOGAF).

BPMN (angl. Business Process Model and Notation) — tai
OMG standartas, skirtas analizuoti organizacijos veiklai
taikant grafing notacija, komunikuoti, aprasyti verslo
sandorius (angl. Business transactions) tarp organizacijy.
Pagrindinés BPMN elementy grupés:

- valdymo srauto objektai (angl. Flow objects),

- jungiantys objektai (angl. Connecting objects),

- sritys (angl. Swimlanes),

- artefaktai (angl. Artefacts),

- duomenys (angl. Data) [2].

Pagal BPMN standarta parengti modeliai leidzia
organizacijoms suprasti savo vidaus veiklos procediiras
grafinéje notacijoje. Grafiné notacija palengvina darbo
bendradarbiavimo supratimg. BPMN leidzia suprasti jmonéms



ju veiklos procediiras, dalyvius dalyvaujanéius jy procesuose
ir prisitaikyti naujam veiklos modeliavimui. Taip pat,
nuolatinis gerinimas, orientuotas j rezultatg ir klienta. Procesai
skirstomi ] pagrindinius ir palaikanCiuosius. LeidZzia
automatizuoti procesus panaudojant informacines sistemas.
[$analizavus pagrindines veiklos procesy modeliavimo
galimybes, buvo nuspresta pasirinkti BPMN veiklos procesy
modeliavimo kalbg kaip tiksling modeliavimo kalba | kurig
transformuojama kituose modeliuose turima informacija.

II. ORGANIZACIJIOS MODELIY DUOMENUY PAKARTOTINIO
PANAUDOIJIMO VEIKLOS PROCESYU MODELIAVIME MET ODAS

Sis metodas skirtas organizacijos modeliy duomeny
(elementy) pakartotiniam panaudojimui modeliuojant veiklos
procesus. Metodas susideda i$ dviejy pagrindiniy etapy:

- pirminio modelio elementy tipy susiejimas su BPMN

elementy tipais. Sudaroma susiejimo schema.
Susiejimas yra loginis, t.y. turi atitikti elementy tipy
semantika.

- elementy transformavimas pagal taisykles ir BPMN

pradinio modelio sudarymas.

Rezultatas gali buti placdiai naudojamas, kadangi
susiejimus susiejimo schemoje ekspertas gali atlikti be
apribojimy, t. y. be apribojimy naudoti turimg organizacijos
modelj. Taip informacija yra panaudojama efektyviau. Siam
tikslui pasiekti vartotojas pirmiausiai turi turéti sukurty
organizacijos modelj (pvz., UPDM modelis), i§ kurio i§gauti
elementy tipai yra susiejami su BPMN elementy tipais bei
ivykdoma transformacija.

Metodas detaliau aprasytas tolimesniuose poskyriuose.

A. Algoritmas
Pagrindin¢ algoritmo veiklos
1 paveiksle.

diagrama yra pateikiama

15 analitikas Sistema

ra A

¢

1. |kelti ir
nuskaityti modelj

Organizacijos
t modelis
o
[Metinkarpas modelis] . [Tinkamas modelis]
[E gzistuojantis|
seicpw Mepinas modelig] W [Naujas modelis]
o=

[Metinkamas

. [Pakartoti kel

susiejimo
schemg
2. Susieti duomenis

pagal BPMHN Bandvti sieti
elementy tipus & naujo]
th
__.L$u5|eumas nepavyke] L
usigjimas pavyko]

\ﬁ;rbas tesiamas toliau]

‘ 4. Sudaryti mod:l.: k

[Mepakartoti jkélimo]

[Suzieta shagema keliama ir nuskaitoma]

3. Transformuoti
elementy tipus

)

BPMN modelis
1 [Nebandyti sieti i§ naujo]

O3 |

1 pav. Algoritmas
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Pagrindiniai algoritmo zingsniai yra §ie:
1) jkelti ir nuskaityti modelj;
2) susieti duomenis pagal BPMN elementy tipus;
3) transformuoti elementy tipus;
4) sudaryti modelj;
5) atnaujinti susiejimo schemgq.

1 Zingsnis. Ikelti ir nuskaityti modelj

Jau turima organizacijos modelj reikia eksportuoti ] XMI
failg. Failas jkeliamas ] sistemg ir jeigu yra teisingo formato,
nuskaitomi elementy tipai.

15 analitikas £+ Sistema £+
2.1. Pasirinkti
0!" eleme“ntu organizacijos modelio —
aaGarasas elemento tipg
BPMN elementy 2.2, Pasirinkti BPMN
tipy s3rasas %1 elemento tipg |
2.3, Inicijuoti T o/ I
- 2.4. Susieti
elementuy tipy F ;
‘ susiejima 94 elementy tll%usn( |
ar liko
nesusiety
_¥_elementy]

[Neliko susiety

2.5, 15saugoti Susiejimo
| informacija I_ schema

2 pav. ,Susieti organizacijos modelio elementy tipus su BPMN elementy
tipais® veiklos diagrama

2 zingsnis. Susieti duomenis pagal BPMN elementy tipus

Tam, kad susietume elementy tipus susiejimo schemoje,
turime turéti nuskaityta organizacijos modelio elementy tipy
sgra§g ir sgra§ag BPMN elementy tipy (Sis sgraSas néra
ribojamas, t.y. jtraukti visi galimi BPMN elementy tipai). IS
analitikas pagal dalyking sritj ir pagal savo kompetencija
susieja elementy tipus, t.y. i§ kokiy j kokius nori atlikti
transformacija (2 pav.).

Kai susiejimas baigtas informacija i§saugoma ir turime
iSsaugota susiejimo schema, kurig ateityje bus galima
panaudoti arba atnaujinti. Susiejimo schemas galima naudoti ir
kitiems to pacio tipo modeliams transformuoti.

3 Zingsnis. Transformuoti elementy tipus

Kai jau turime susiejimo schema, reikia jvykdyti elementy
tipy transformavimg. Transformavimo rezultatai yra rodomi
sistemoje. Jis atliekamas viena elemento tipg pakeiciant kitu ir
paliekant ta patj elemento pavadinimg. Rezultatai pateikiami
XMI formatu.

Pavyzdiniame projekte naudojamos UPDM  standarto
diagramos. Modelyje buvo sukurtos tiksly medzio (3 pav.) ir
veiklos diagramos (4 pav.).



aVisions &
Tiekti gamybines Zaliavas pramones sakoms

! !

UPDM el y tipai ir i

.| Architekturos vizija (angl. Vision)

a. | Tiekti gamybines Zaliavas pramonés
Sakoms.

bl - Ii 1 el i] BPMN:
= = 2.| Veiklos tikslas (angl. Enterprise goal) —. -
R . _I' E e i 5 a.| Gamybiniy Zaliavy tiekimas Lietuvoje 1 Honfoma}us baseinas  (angl
Gamybiniu zaliavy Tiekti kokybiskas b. | Tiekti kokybiskas transportavimo Hortzontal Pool)
tiekimas Lietuvoje transportavimo pm,m,ga& a. | Transportavimo padalinys
Use: paslaugas 3. | Organizacija (angl.O) Zation) / b. | Zaliavy valdymo padalinys
&« W = el 0
! 1 aUsED a. | Transportavimo padalinys / Z U*"“°?‘5 (an'gl: Za5)
A b. | Zaliavy valdymo _padalinys Z f{""i"m alasl\m;;r
e & irreTE 4. | Veiklos procesas (angl. Operational - Sl‘l’l';ig“"”f"‘” L
7 ali dali : : activity 3
Zaliavy valdymo y Transportavimo padalinys ; Sllkw;l) - / 3 | Priimti 2
i i L o 3. | PradZios jvykis (angl. Start event)
5 > . | Koreguoti vy
3 pav. Pavyzdiné tiksly medzio diagrama : Smsr;g / 4. | Pabaigos jvykis (angl. End event)

«OrganizatienTypes «0rganizatienTypes
Transportavimo padalinys Zaliavy valdymo padalinys

«OperationalActivityActions <3|:|

Sukurti ataskaity
«OperationalActivityActions (F

Koreguoti ataskaita
aOperationslActivityActions (F aOperationalActivityActions OD

Siusti ataskaitg Priimti ataskaita

I:.B

4 pav. Pavyzdiné veiklos diagrama

Projektas eksportuotas | XMI formata. IS analitikui yra
suteikiama galimybé susieti elementy tipus be apribojimy.
Kadangi jis yra ekspertas, elementy tipus gali susieti pagal
modeliuojamos srities konteksta. Tokiu budy net ir tam
paciam standartui galima sukurti kelias susiejimo schemas.

Siame pavyzdyje i§ UPDM standarto modelio elementy
tipy pasirinkti ,,organizacija“, ,veiklos procesas®, ,pradzia“,
pabaiga®, kurie transformuojami |} BPMN standarto
,suzduoties®, Lhorizontalaus baseino®, ,pradzios jvykio® ir
pabaigos jvykio“ tipo elementus.

BPMN elementy tipai:
Uzduotis (angl. Task)
Subprocesas (angl.
UPDM elementy tipai: SubProcess)
1. | Architektiros vizija (angl. Fision) Veikla (angl. Call activity)
2. | Veiklos tikslas (angl. Enterprise Pradzios jvvlkis (angl Start
goal) event)
3. | Organizacija (angl. Organization) Pabaigos jvvkis (angl. End
4. | Veiklos procesas (angl. event)
Operational activity) Duomenn objektas (angl.
5. | PradZia (angl. Initial node) Data object)
6. | Pabaiga (angl Activity final) Horizontalus baseinas (angl.
Horizontal pool)
irtr

5 pav. UPDM ir BPMN elementy tipy susiejimo pavyzdys

Elementy tipy susiejimas yra pavaizduotas 5 paveiksle.
6paveiksle pateikiamas elementy transformavimas pagal
susiejimo schema.
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. | PradZia (angl. Initial node)
. | Pabaiga (angl. Activity final)

a.
b
c.
d. | Priimti ataskaitq
5
6.
6

pav. UPDM elementy tipy transformavimas | BPMN elementy tipus

4 zingsnis. Sudaryti modelj

Kuomet jau atliktas transformavimas, turime sugeneruota
faila su perkeltais elementais. Tuomet jau galima panaudoti
BPMN elementus i§ elementy bibliotekos (XMI). Failas yra
ikeliamas i MagicDraw programa.

Visa iSsaugota ir transformuota informacija vartotojui
pateikiama lenteléje (7 pav.), kurioje matomi elementy tipai,
elementy pavadinimai ir jy blisena (ar elementas buvo susietas
ir | kokj elemento tipg buvo transformuota). Prototipas
realizuotas C# programavimo kalba.

a2 Elementy transformavimas - m} x

OM elemento tipas OM elemento pavadinimas boc?iizmemo ransfomiavimo 2

Vision Tiekti gamybines Zaliavas pramon... | Nesusieta

Enterprise goal Gamybiniy Zaliavy tiekimas Listuvaje | Nesusieta

Erterprise goal Tiekti kokybigkas transportavimo p... | Nesusista

Organization Transportavimo padalinys Transformuota | tipg "Horizontal Pool"

Crganization Zaliavy valdymo padalinys Transformuota | tipg "Horizontal Pool”

Operational activity Sukurti ataskaity Transformuota | tipg "Task”

Operational activity Koreguoti staskaits Transformuota | tipg "Task”

Operational activity Siysti ataskaitg Transformuota | tipg "Task"

Operational activity Priimti ataskaitg Transformuota j tipg "Task"

Initial node Transformuota | tipg "Start Evert"

Activity final Transformuota | tipg "End Event” v
| Pradeti transformavima

7 pav. Elementy tipy susiejimo rezultatai

8 paveiksle demonstruojami transformuoti ir jkelti j BPMN
diagramg elementai.

Sukurti ataskaitg
Koreguoti atazkaitg

Siusti ataskaity

Priimti ataskaitg

0

8 pav. Transformuoti elementai BPMN diagramoje

ik

Zaliavy valdymo padalinys
Transportavimo padalinys




5 Zingsnis. Atnaujinti susiejimo schema

Ikélus organizacijos modelj j jrankj, yra pasirenkamas
modelio tipas. Jrankis turi galimybe valdyti susiejimo schemas
pagal modelio tipus. Kuomet elementy tipai yra susiejami,
susiejimo schema yra iSsaugoma su nurodytu modelio tipu.
Tokiu bidu yra galimybé panaudoti susiejimo schema jkeliant
naujus organizacijos modelius, jg atnaujinti. Susiejimo schemy
gali blti ne viena, jos skirstomos pagal modelio tipus.
Atnaujinus arba panaudojus susiejimo schema elementai yra
transformuojami.

B. Dalykinés srities esybiy klasiy modelis

Algoritmo realizacijai sudarytas dalykinés srities esybiy
klasiy modelis (9 pav.) atvaizduoja kuriamo algoritmo

pagrindinius konceptus (Organizacijos ~ metamodelis,
organizacijos metamodelio elementas, susiejimo schema,
BPMN  metamodelis, BPMN metamodelio elementas,

organizacijos modelio elementas, transformuotas elementas,
BPMN modelio elementas, BPMN modelis, organizacijos

modelis, TOGAF  ArchiMate metamodelis, UPDM
metamodelis) ir duomenis.
‘Organizacijos BPMN

metamodelis metamodelis

Elem_e'ntu tif}és Elemje'ntu tip_as

1 1
1.* 1.#

Organizacijos Susiejimo schema BPMN
metamodelio 1.5 1 = = 1 1.* metamodelio
elementas Pavadin elementas
1.% Modelio tipas 1.%
1.7 1.%
R == s0s BPMN modelio
elementas
elementas Transformuotas
= L elementas |17 1.7 e
D D
v adnimas Pavadinimas

1.7
*
1 1.

Organizacijos
modelis

Mo delfc'l pa \.fﬁ-dinimﬁs

T

TOGAF Archimate
metamodelis

UPDR
metamodelis

9 pav. Dalykinés srities esybiy modelis
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IV. ISVADOS

Pakartotinis panaudojimas realizuotas susiejant
organizaciniy modeliy elementy tipus su veiklos procesy
elementy tipais bei transformuojant elementus j BPMN
modelj. Metodas uztikrina susiejimo schemy valdyma, leidzia
pakartotinai panaudoti turimas susiejimo schemas naujiems
organizacijos modeliams, tokiu biidu sumazina analitiko darbo
laiko sanaudas bei uZtikrina duomeny vientisumg kuriant
skirtingus organizacijos modelius. IS analitikas nebtinai turi
naudoti BPMN notacija, galima rinktis be apribojimy. Esant
poreikiui galima atnaujinti susiejimo schemas. Jrankis skirtas
IS analitikui ekspertui, nes reikalauja kvalifikacijos, kad
susiejimai biity prasmingi. Gautas duomeny pakartotino
panaudojimo algoritmas gali biiti sékmingai panaudotas
tolimesniuose IS kurimo etapuose ir organizacijos veikloje.
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Santrauka - Siame straipsnyje yra aprasomas MTConnect
standarto panaudojimas renkant pramoniniy stakliy duomenis
ir juos analizuojant, siekiant identifikuoti artéjantj gedima.
Pateikiama keletas jau esamy sprendimuy ir sidilomas
sprendimas, pristatomos problemos, iSkilusios ji jgyvendinant.
Taip pat aprasomas planuojamas tyrimas, kaip pagerinti
siilomo  sprendimo  duomeny  analizés  greitaveika
manipulivojant, konvertuojant duomenis ir optimizuojant
koreliacijos skaic¢iavimus.

Raktiniai ZodZiai — MTConnect; pramoninés staklés; didieji
duomenys (angl. big data); duomeny analizé.

I. IvADAS
Siais laikais yra stengiamasi jvairius procesus
automatizuoti. Gamybos pramonéje yra pasitelkiamos

masinos / robotai, kurie gamina produktg pagal tam tikra
kompiutering programa. Kurj laika masiny komunikacijai
buvo raSomos specifinés programos, kuriy reikédavo nemazai
ir jas budavo nelengva palaikyti. Kad tai palengvinty, buvo
standartizuotas nemokamas masiny duomeny perdavimo
internetu protokolas MTConnect [1], kurio pirmoji versija
1.0.1 iSleista 2009 metais [2].

Nuo to laiko, kai atsirado standartizuotas metodas gauti
masiny duomenis nuotoliniu biidu, masiny pramonéje iskilo ir
vis dar kyla poreikis per atstuma stebéti ir analizuoti
duomenis, kuriuos pateikia veikiantys jrengimai. To jmonéms
reikia dél to, kad sumazéja laiko, darbo jégos ir islaidy
sanaudos, didéja produktyvumas, atsiranda geresnés salygos
konkuruoti, ir galima bet kuriuo metu prizidiréti masinas i$ bet
kurios vietos su interneto prieiga [3] [4].

Vienas i$ straipsnio tiksly yra apraSyti sprendima, kurj
naudojant biity surenkami pramoniniy stakliy rodmenys ir
analizuojami siekiant nustatyti pasikartojancius gedimus prie§
jiems dar jvykstant. Kitas tikslas — apraSyti tyrimo metodus,
kuriais siekiama manipuliuoti, konvertuoti duomenis ir
optimizuoti koreliacijos skai¢iavimus.

Sis straipsnis susideda i§ supaZindinimo su MTConnect
standarto veikimo principu, jvairiy pramonei skirty
sprendimy, naudojan¢iy MTConnect, apzvalgos, sukurto
sprendimo ir problemy jgyvendinant jj apraSymo. Taip pat yra
pateikiamas planuojamas tyrimas sukurtos sistemos naSumui
gerinti bei iSvados.
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II. MTCONNECT STANDARTAS

MTConnect yra atviras, nemokamas standartas, skirtas
skatinti didesne¢ saveika tarp jrenginiy ir programinés jrangos.
Jis yra pagrijstas atviruuoju duomeny integracijos protokolu.
Sukurdamas atvirag ir i$pleciama komunikacijos kanala
savaiminio diegimo (angl. plug-and-play) tarpusavio rySiui
tarp prietaisy, jrangos ir sistemy, MTConnect leidZia jiems
keistis ir suprasti vieni kity duomenis ir Sitaip sumazinti
integracijos kaStus. Akcentuotina, kad standartas skirtas
perduoti duomenis ir kad jis duomenims nesuteikia jokios
papildomos prasmes.

MTConnect yra sukurtas remiantis labiausiai paplitusiais
pramonés ir programinés jrangos standartais, todél
maksimaliai padidina jam jgyvendinti prieinamy jrankiy kiekj
ir suteikia auks$Ciausig saveikg su kitais pramonés Saky
standartais ir  jrankiais. Pagrindiniai technologiniai
komponentai, naudojami MTConnect, yra universalioji
dokumenty Zenklinimo kalba (XML), skirta dokumenty
struktiirai apraSyti, ir hiperteksty persiuntimo protokolas
saityno duomenims (iStekliams) persiysti (HTTP) [5].

Sistema, jgyvendinta naudojant MTConnect standarta, yra
sudaryta i$ 5 pagrindiniy daliy (1 pav.) [5]:

e Jrenginys (angl. device) — daZniausiai maSininis
jrankis, bet gali buti bet kuri jrangos dalis arba
duomeny $altinis.

e Adapteris (angl. adapter) — neprivaloma programinés
arba techninés jrangos dalis, kuri konvertuoja
rodmenis | MTConnect standarta. Kai kurie jrenginiai
rodmenis teikia jau pagal standarta — tokiu atveju
adapteris nereikalingas.

e Agenté (angl. agent) — programinés jrangos dalis, kuri
surenka, organizuoja ir kaupia duomenis, gautus i§
irenginio ar adapterio. Ji apdoroja uzklausas, gautas i§
vartotojo  (taikomosios programos), ir pateikia
reikiamus duomenis. Agentés funkcija ir duomeny
struktiira yra specifikuota MTConnect standarto.

o Tinklas (angl. network) — fizinis ry8ys tarp duomeny
Saltinio (jrenginio) ir duomeny naudotojo (taikomosios
programos). DaZniausiai tai yra interneto tinklas ir
jprastai yra naudojamas standartinis bendravimo
metodas — HTTP protokolas. Be to, MTConnect



struktiira gali buti pritaikyta ir kitokiems tinkliniams
sprendimams.

e Taikomoji programa (angl. application) — tikrasis
MTConnect duomeny prasytojas ir naudotojas. Tipinés
taikomosios programos funkcijos yra teikti uzklausas,
kaupti, manipuliuoti ir atvaizduoti duomenis.

Application
| H
: { . Client
==
L+

Adapter

(Optional}

1 pav. MTConnect komponenty schema [5]

Sis standartas yra nuolat pildomas ir tobulinamas
naudojant kitus technikos standartus — 2015 mety birzelj buvo
iSleista naujausia 1.3.1 versijos specifikacija [2].

III. ESAMI SPRENDIMAI, NAUDOJANTYS MTCONNECT

Nuo 2013 mety JAV gynybos departamentas rengia
kasmet vykstantj MTConnect Challenge konkursa, skirta
skatinti kurti ir jgyvendinti id¢jas, kaip galima panaudoti
gamybos duomenis [6]. Be to, kasmetinéje ASME (The
American Society of Mechanical Engineers) konferencijoje
taip pat yra pristatomi jvairls sprendimai, naudojantys
MTConnect.

A. ,,Microsoft Visio“ integracija [7]

Jamesas Finnas sukiiré MTConnect sprendimg Microsoft
Visio programai. Sis modeliavimo jrankis leidZia gamybos
kontrolés priezitiros personalui greitai ir nepriklausomai
susikurti duomeny gavimo ir atvaizdavimo / perziiiros langa,
kurivo naudodamiesi véliau gali iSspresti  netikétai
atsiradusias gamybos cecho problemas.

Sio sprendimo pagrindiné savybé yra tai, kad naudojant
Microsoft Visio duomenys i$ viso cecho, kurie tuo metu yra
transliuojami MTConnect kanalu, yra greitai surenkami,
agreguojami ir vaizdZiai pateikiami realiu laiku.

B. Virpéjimo nustatymas panaudojant stebéseng [8]

Autorius nagrinéja anomalija, kai masinos pjaunamosios
ar greziamosios detalés pradédavo virpéti per daug ir dél to
detalé nusidévédavo greiiau, o produkto kokybé
suprastédavo. Pazeisty detaliy keitimas kainuoja daugiau ir
ilgas maSinos neveiksnumo laikas remonto metu gali
neigiamai paveikti visa cecho produktyvuma. Valerie
Pezzullo reikéjo biido tai pastebéti anks¢iau negu atsirasdavo
defekto garsas.
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Autoriaus sprendimas buvo panaudoti MTConnect
duomenis apie detaliy parametrus i$ prietaiso ir duomenis apie
vibracijos lygj i§ jutikliy juos perduodant j kontrolinj valdiklj,
kuris jvertings esama situacija atliecka tam tikras prietaisy
korekcijas (pvz., sumazina grazto sukimosi greitj). Atlikus
skai¢iavimus vienam procesui, apdoroti duomenys yra
siunc¢iami j kita valdiklj, kuris atsakingas uz kitg procesa, kad
jis taip pat jvertinty $ia padét] ir atlikty reikiamus pakeitimus.

C. ,,Google Glass“ sprendimas [9]

Ravis Sivalingamas savo sprendime apjungé MTConnect
funkcionaluma ir Google Glass galimybes: jzvalgy ekrana,
vaizdo kamera, lietimui jautrig dali, mikrofona, el. pasta ir
interneto prieiga. Nuskenavus su vaizdo kamera unikaly
masinos koda darbuotojas akiniy ekrane mato to prietaiso
dabartinius parametrus, gali apzitiréti detalg trimatéje erdvéje,
gali modifikuoti prietaiso darbo plang ir perduoti bet kokia
informacija kolegai.

D. , Promise*

MTConnect Challenge 2 konkurse Shane’as Crandallas
pristaté savo intuityvig, lengvai valdomg interneting
programa, kuri naudoja MTConnect teikiama informacija.
Sprendimas vartotojui suteikia galimybe tusc¢iame lange
susikurti jvairiy matavimo formy (stulpeliné diagrama,
grafikas, matuoklis su ciferblatu ir pan.) elementus ir
nustatyti, kurio prietaiso ir kurie duomenys bus rodomi. Si
programa taip pat leidzia nustatyti duomeny vaizdavimo
spalva pagal reikSme, keisti fona, kad bty lengviau
susigaudyti, kurioje prietaiso vietoje stovi matuoklis. Visi
duomenys yra vaizduojami realiu laiku.

E. ,,Kaizen“ pobidzio sprendimas [10]

Sis sprendimas buvo konkregiai taikomas optimizuoti
Boeing imonés procesus. MTConnect pagalba duomenys buvo
zymiai greifiau surenkami negu naudojant firminius ty
masiny jrankius. Surinkti duomenys buvo agreguojami ir
pateikiami jvairiy grafiky pavidalu. Juos iSanalizaves cecha
aptarnaujantis personalas galéjo lengviau ir greiiau
identifikuoti realia jvairiy procesy trukme, kaing ir kitus
parametrus.

F. [renginiy sqveikos gerinimas [11]

Athulanas Vijayaraghavanas kartu su komanda bandé
sujungti nesuderinamus prietaisus. Naudodami MTConnect
standartizuotg sgsajg jie apjungé jvairius jrenginius bendram
tikslui. Taip pat buvo renkami duomenys, kuriuos programiné
jranga realiu laiku analizuodavo ir sekdavo, ar masina veikia
taip, kaip ji buvo uZprogramuota (buvo vykdomas proceso
plano verifikavimas). Véliau tuos duomenis ir iSvestinius
rezultatus galéjo perzitréti cecho personalas ir atlikti tam
tikrus proceso pakeitimus.

G. Komerciniy riboty SPC metody gerinimas [12]

Statistinés procesy kontrolés (angl. Statistical Process
Control (SPQC)) tikslas yra ne aptikti blogg kokybe, o uzkirsti
kelig jos atsiradimui. SPC metodais yra siekiama stebéti
procesa, ji kontroliuoti ir atlikti reikiamus pakeitimus. Tuo
tikslu autoriai naudodami MTConnect sukiiré programa, kuri
analizuodavo gautus duomenis ir bandydavo apskaiéiuoti
tolimesng prietaiso eigg. Jei buvo nustatomi galimi



nukrypimai, tai programa jvertindavo, kaip reikia
pamodifikuoti tolimesng proceso eiga ir nusiysdavo Sig
komanda masSinai.

H. Gamyklos sistemy kokybés stebéjimas realiu laiku [13]

Siekdami pagerinti gamybos kokybe, kuri buvo
jvertinama pasibaigus procesui, kai galutinis produktas yra
apzilirimas ir jvertinamas, o po to retrospektyviai jvertinamas
pats procesas ir sgnaudos, autoriai C++ kalba suktré
taikomajg programa, kuri panaudodama MTConnect gaudavo
duomenis i§ CMM, juos apdorodavo, suformuodavo HTML
dokumenta ir realiu laiku pateikdavo interneto narSykléje
(konkreciai, Internet Explorer). Pateiktame dokumente buvo
i§skiriamos reikSmés, kurios perzengdavo virSuting arba
apating maksimalaus leistino nuokrypio ribag. Automatizavus
stebéjimo procesa, aptarnaujanéiam personalui liko daugiau
laiko kitoms produktyvumo uZduotims.

L. ,,Pneuviz“ — suspausto oro stebéjimo programa [14]

Gamybos pramonéje suspaustas oras yra laikomas ketvirta
didZiausia pagalbine priemone po elektros, gamtiniy dujy ir
vandens. Jis yra naudojamas daugybéje jvairiy pneumatiniy ir
mechaniniy prietaisy kiekviename ceche. Todél Sri Atluru su
trimis kolegomis sprendé¢ suspausto oro stebéjimo ir
utilizavimo optimizavimo problema ir sukiiré projekta, kuris
iSanalizuoja suspausto oro panaudojimg jvairiose situacijose
metalo pjovimo operacijy metu. Taikomoji programa buvo
sukurta naudojant LabVIEW programinj paketg ir skirta
stebéti procesg bei analizuoti informacijg. Duomenims gauti
programa buvo susieta su MTConnect duomenimis,
perduodamais jmonés vidiniu tinklu. Specifiniy jutikliy
rodmenys buvo nagrinéjami jvairiuose scenarijuose ir taip
buvo nustatoma kainos, energijos ir anglies pédsaky jtaka
suspausto oro panaudojamumui ceche.

J. ,,MTConnect*“ pritaikymas paskirstytos gamybos

aplinkoje [15]

Johnas L. Michaloskis su kolegomis sprendé problema,
kad reikia patogaus detales gaminanéiy programuojamy
masiny duomeny stebéjimo realiu laiku. Valdyba teigé, kad
informatyvis, tikslus ir laiku pateikiami jrenginiy duomenys
gali buti kritinis sékmingos gamybos aspektas. Kadangi
jmonés tinklas turéjo saugumo apribojimy, buvo nusprgsta
naudoti dviejy linijy intraneto rysj. Pirmaja linija neapdoroti
duomenys buvo perduodami i$ prietaiso j atskirg kompiuterj,
kuriame MTConnect pagalba jie budavo konvertuojami j
standartizuota formata. IS Sio kompiuterio kita linija
duomenys biidavo perduodami | centralizuota prietaisy
stebéjimo skyda. Sis sprendimas jmonei garantavo tiksly
gamybos kokybés jvertinimg realiu laiku.

K. [renginiy stebéjimo sistema, grista ,, MTConnect*
technologija [16]

Sprendimas  susideda i§ dviejy tinklu sujungty
komponenty: paties jrenginio ir prane$imy serverio. Masinoje
esantis MTConnect adapteris surenka dabartinés biisenos
duomenis ir intranetu siuncia | prane§imy serveryje esancia
MTConnect agentg, kuri apdoroja gautus duomenis,
konvertuoja j standartizuotg MTConnect XML formata. Tada
$iuos duomenis duomeny surinkimo servisas iSsaugo j
serverio duomeny baz¢. Véliau i§ Siy duomeny yra
generuojamos ataskaitos, kurias naudojant interneto narSykle
galima pasiekti prisijungus prie prane§imy serveryje esanc¢ios
saityno programos. Taip pat, atsizvelgiant | surinktus
duomenis, el. pasto serverio pagalba masiny operatoriams yra
siun¢iami pranesimai SMS ir / arba el. laisku.

1 LENTELE. MTCONNECT SPRENDIMU PALYGINIMAS
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IV. SIOLOMAS SPRENDIMAS

A. Jgyvendinta sistema

Buvo sukurtas sprendimas rinkti ir kaupti pramoniniy
stakliy rodmenis, kurie po to yra atvaizduojami
aptarnaujan¢iam  personalui  prisijungus prie saityno
programos. Siekiant atskirti skirtingo funkcionalumo
procesus sistema (2 pav.) sudaro trys dalys (duomeny
surinkimo ir analizés servisai bei saityno programa), kuriy
kiekviena suprojektuota pagal trijy sluoksniy architektiira ir
naudoja ta pacia duomeny baze¢. Jos jgyvendinimui buvo
panaudotos Sios technologijos: C#NET MVC, Elastic, NEST,
Autofac, Math.NET.

Duomeny surinkimui buvo parasytas atskiras modulis
(duomeny surinkimo servisas), kurio funkcionalumas visiskai
atitiko nurodymus ir reikalavimus MTConnect standarto
specifikacijoje [1], kuriy reikia norint kaupti rodmenis esant
normalioms salygoms ir klaidy atvejais.

Duomeny surinkimo Duomeny analizés
servisas servisas

]

) Repozitorijos

|

Duomeny klasés |4

Saityno programa

Duomeny bazé  —

2 pav. Sukurtos sistemos architektiira

Duomeny  analizei  sukurtas  modulis  kurios
nepertraukiamai analizuoja naujausius jrenginiy rodmenis.
Kadangi pagal standarta jrangos gedimai yra diskrecios
bisenos, kurios gaunamos kartu su jrangos rodmenimis [1],
todél analizé buvo vykdoma lyginant n naujausiy jrenginiy
rodmeny poaibj {xy,..,x,} su istoriniy, buvusiy pries
gedimus rodmeny poaibiu {y;, ..., y,,} ir ieSkant reikSmingos
koreliacijos. Rodmeny panasumas yra laikomas reik§mingu,
jei Pirsono koreliacijos koeficientas r (1) gaunamas ne
maZesnis uz 0.7:

n - 5
r= Txy — 21=1(x1 X)(¥i=y) (1)
om0 5,019

Viena analizés iteracija apima vieno jrenginio naujausiy
rodmeny lyginima su tokios pacios imties istoriniais
rodmenimis, kurie buvo gauti prie§ visus to prietaiso gedimus.
Analizés metu yra ieSkoma ir reik§mingy duomeny panasumy
ir anomalijy. Be to, kuriama sistema aptiktus potencialius
gedimus iS§saugo duomeny bazéje. Tuo metu saityno programa
juos pateikia (kas sekund¢ atnaujina rodmenis ir potencialiy

gedimy sara$g) jrenginius aptarnaujanéiam personalui, nes jie
tuo metu jvertina realig situacija ir priima sprendima, k3 toliau
daryti. Konkretus pavyzdys: yra jrenginys su dviem
nepriklausomais komponentais A ir B (pirmojo darbiné
temperatiira yra zymiai didesné uz antrojo). Kazkuriuo laiko
momentu B komponentas perkaista ir yra pakei¢iamas nauju.
Taciau pakeitus jis vél kaista. Siuo atveju sitiloma sistema
uzfiksuos, kad yra reik§minga koreliacija tarp B temperatiiros
did¢jimo ir A temperatiiros, ir prane§ aptarnaujanciam
personalui. Patikrinus jrenginj gali paaiskéti, kad buvo
pazeista izoliaciné medziaga tarp A ir B komponenty.
B. Issikiai

Sitaip analizuojant visus nebitinai tarpusavyje susijusius
duomenis tam tikrose laiko atkarpose néra garantuojamas
priezastinis rySys. 1965 metais brity medicinos statistikas
Austinas Bradfordas Hillas pateiké 9 iki Siol placiai
cituojamus minimalius kriterijus Sio rySio buvimui nustatyti.
Sukurtos sistemos analizés algoritmas uztikrina tik keleta i$ jy
[17]:

e Stiprumas (angl. strength) — algoritme naudojamas
koreliacijos koeficientas turi biiti ne mazesnis uz 0,7.

e Pastovumas (angl. consistency) — algoritmas lygina su
prie§ gedima buvusiais rodmenimis, nes jie yra
potenciallis priezasties pozymiai.

e SpecifisSkumas (angl. specificity) — daroma prielaida,
kad jrenginiai teikia visus jmanomus savo rodmentis.

Bet tai néra laikoma didéle problema Sioje sistemoje, nes
tai leidZia aptikti anomalijas, ir galutinj sprendima priima
aptarnaujantis personalas, kuris remdamasis savo dalykinés
srities Ziniomis gali patvirtinti arba paneigti kelis kitus A. B.
Hillo kriterijus (tikétinuma, koherentiskuma, analogija).

Kitas aptiktas keblumas yra tai, pramonés jmonéms ne
visada pakanka vien tik MTConnect standarte apibrézty
duomeny, todél jos pasinaudoja iSple¢iamumo galimybémis ir
apsibrézia savo jrenginiams pritaikytus duomenis. Dél Sios
prieZasties atsiranda galimybé¢, kad sukurta sistema nesugebés
analizuoti visy jmanomy duomeny, nes ji remiasi tik
MTConnect specifikacija.

Vijayaraghavanas apzvelgdamas McKinsey ataskaita apie
didZiuosius duomenis pateiké savo apytikslius pesimistiskus
skai¢iavimus, kuriuose matomi labai dideli duomeny kiekiai,
kuriuos sugeneruoja MTConnect standartu gristi pramonés
jrenginiai:

2 LENTELE. MTCONNECT [RENGINIYJ SUGENERUOJAMU DUOMENU KIEKIAI

[18]
Paprastas Detalus
stebéjimas stebéjimas
Meéginiy per sekunde 10 | hz 100 | hz
D y jrady méginyje kiekis 10 | jraSy 50 | jrasy
D y jraso dydis 50 | bytes 50 | bytes
Méginio dydis 500 | bytes 2500 | bytes
Irenginio duomeny perdavimo
sparta 5 | kbps 250 | kbps




Dienos duomeny kiekis 432 | MB 21600 | MB
D y kiekis per metus 158 | GB 7889 | GB
Mety senumo duomenys g
MaZam cechui (10 jrenginiy) 2 | TB 79 | TB
Vidutiniam cechui (30 jrenginiy) 5 | TB 237 | TB
Dideliam cechui (100 jrenginiy) 16 | TB 789 | TB
Pramoninei jmonei (500 jrenginiy) 79 | TB 3945 | TB
Visa JAV rinka (1,2 min.
irenginiy) 189 | PB 9467 | TB

Tai buvo zinoma prie§ pradedant kurti sistema, todél buvo
pasirinkta naudoti Elastic, kaip dokumenting duomeny bazg,
nes tinka saugoti bet kokios struktiiros duomenis ir tikétina,
kad ji veiks itin greitai [19].

V. BANDYMAS

Realizavus sistemg buvo bandoma ziGiréti greitaveika
tikrinant oficialy testavimo jrenginj , kurio agenté pasiekiama
adresu http://agent.mtconnect.org. Sistema buvo jdiegta |
nesiojamajj kompiuterj Acer Aspire V3 (MS Windows 10, Intel
Core i7 4702MQ, 16 GB RAM, 1 TB HDD). Per 3-4 valandas
i§ jrenginio buvo surinkta apie 3 mln. duomeny ir Elastic
indekso dydis buvo apie 1 GB.

Bandymo metu sistemoje buvo uZregistruoti 48 gedimai,
buvo analizuojama 15 min. duomeny imtis. Dél to i$ duomeny
bazés buvo paimti 188627 naujausi rodmenys ir 5560104
istoriniai rodmenys. Viena $ios analizés iteracija uztruko
6 min. 45 sek. (3 lentelé).

3 LENTELE. DUOMENU ANALIZES REZULTATAI

Analizavimo intervalas 15 min.
Praceities gedimy, su kuriais lyginama, skai¢ius | 48
Naujausiy rodmeny Kiekis 188627
Bendras i§ duomeny bazés paimty istoriniy 5560104

rodmeny kiekis
Vienos iteracijos vienam jrenginiui trukmeé
Sunaudota darbinés atminties

6 min. 45 sek.
1ki 1,8 GB RAM

Taciau esant tokiai nedidelei im¢iai vykdymo trukmé yra
per ilga (nepraktiSka). Tai galimai atsitiko dél duomeny
formato, perteklinio duomeny kiekio. Be to, visi trys sistemos
moduliai veiké viename fiziniame kompiuteryje ir apkrové
procesoriy — todél jis per daug jkaito ir viso kompiuterio
greitaveika sumazéjo.

VI. TOLESNI DARBAI

Tyrimo metu planuojama sumodeliuoti jvairius jrenginio
veikimo scenarijus ir atlikti Siuos veiksmus:

e Kadangi kai kuriy jrenginiy komponenty analizuojami
duomenys kei¢iasi daugiau nei kelis kartus per
sekundg, todél yra planuojama agreguoti duomenis
sekundés ir / arba didesniais intervalais.

e Kadangi visi dabartiniai duomenys yra laikomi
viename Elastic indekse, todél jis tampa apkrautas ir
praranda dalj nasumo. Planuojama duomeny analizei
naudoti atskirag indeksa, kuriame bus saugomi
rodmenys.

o Kadangi sistema saugo visg gautg informacijg ir
rodmeny objektas turi jvairiy pertekliniy duomeny,
todél planuojama analizei naudoti minimizuotg
rodmeny objekto struktiirg.

e Kadangi tarp kaupiamy duomeny yra tekstiniy
reikSmiy, bet sukurta sistema analizuoja tik skaicius,
todél planuojama vykdyti konversija j skaicius.

e Kadangi analogiskas praeityje buvusiam gedimas gali
atsitikti greiCiau, todél analizuojant bus bandoma
keisti duomeny iméiy mastel;.

Atlikus Siuos veiksmus ir kei¢iant imtj bus tiriama, kaip
keiciasi analizavimo naSumas, sunaudojami resursai ir aptikty
potencialiy gedimy kiekis.

Tikimasi, kad naSumas padidés bent du kartus.

VII. ISVADOS

ISanalizavus  problemg buvo pateiktas sitilomas
jgyvendintas sprendimas, kuris dél dideliy duomeny kiekiy
naudoja dokumenting duomeny bazg¢ ir kuris analizuoja
duomenis ieSkant koreliacijos.

Sitlomame sprendime buvo identifikuotos ir apraSytos
problemos bei pasitlyti keli sprendimai naSumui gerinti
kei¢iant imties intervalus, optimizuojant Elastic indeksus,
modifikuojant duomeny struktiirg ir mastelj bei vykdant
duomeny konvertavima.

Naudojant sitiloma sprendimag sumazés pramoniniy stakliy
priezitros kastai, todél padidés aptarnaujan¢io personalo
nasumas ir jiems bus patogiau prizitiréti jrenginius.

Kaupiant jrenginiy duomenis bus galima perzitréti
istorinius rodmenis, todél darbuotojai galés objektyviau
jvertinti ir priimti geresnius proceso pakeitimus.

Vykdant jrenginiy duomeny analiz¢ bus galima nuspéti
potencialius gedimus, todél sumazés jrenginio neveikimo
laikas ir taisymo kastai.

Naudojant Elastic bus iSlaikoma greitaveika didéjant
duomeny mastams, todél sistema veiks efektyviai ilgesnj
laika.

Atlikus tyrimg su planuojamais pakeitimais padidés
analizavimo naSumas, todél sistema aptiks greic¢iau ir daugiau
potencialiy gedimy.
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Abstract — Mobile VPN identification system is presented that
uses microSD based Crypto processor and NFC. Whole system
includes three main communicating devices: remote VPN server,
local computer and mobile phone with microSD based crypto
processor. The overall identification system’s security is
estimated.

Keywords — VPN, NFC, OpenVPN, Cryptoki, PKI, Crypto
processor.

I. INTRODUCTION

Mobile phone has become part of every person’s life. Now
mobile phones can replace many devices while in the same
time providing more features to the users. Phone now acts as a
photo camera, calculator, video camera and other devices.

In today’s age of information there are a lot of different
computerized systems where users have to remember their user
names and passwords in order to work with and maintain those
systems. With increasing amount of information and its
sensitivity and a need to comply with security requirements,
mobile identification systems are becoming more relevant to
every person. Passwords become even longer to comply with
growing security standards and they need to be frequently
changed.

Public-private key authentication method is being used
increasingly. This provides improved security compared to
password authentication due to the fact that a key length is
usually much longer than password and does not represent
meaningful words or patterns therefore it is impossible to guess
or brute-force with currently known hardware. Unfortunately
using PKI brings its own challenges such as safe key storage
and portability combined with ease of use.

Computers that are communicating with the private
networks are usually connected to these networks via an
unsecure channel. It could be either the Internet or a special
Internet Service provider link. In order to reach these networks
in a secure manner VPN connections are established. This
ensures data encryption and integrity. To establish this secure
channel password authentication or more secure private-public
key authentication is used. This brings forth challenges how to
use mobile phone as a private key storage and how to establish
VPN for local computers.
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II. PROPOSED MOBILE VPN IDENTIFICATION SOLUTION

One of the most popular ways to handle a private key is to
store it on a local computer. But this approach restricts usage
with only one computer. Portability problem is usually
addressed by carrying a private key in USB thumb drive. As an
additional security measure password can be set on a private
key file to prevent its usage without knowing the password.
This protection usually can be cracked by using dictionary or
brute force attacks.

Introducing private key to the computer systems where it
can be directly read adds risk of it being stolen.

The proposed solution is a way to solve private key
portability and usage for VPN identification security issues.

A.

Components for the solution were selected based on how
widely spread the technology is and security benefit it brings.

Solution components

e NFC enabled smartphone with a microSD card
slot and Android 4.0.3 or higher. It was selected
because of a wide spread and Android version
4.0.1 and lower has already faced NFC related
security concerns. Also currently Android takes
most of the market share of all smartphone
operating systems. Where version 4.0.3 and higher
make up more than 90% of Android OS;

e microSD based Crypto processor which complies
with PKCS#11 standard. Hardware solution for
private key storage was selected since it protects
private key without an ability to extract it and only
provides one entry point which is PIN protected
for crypto function operations. Selected microSD
cards also provides storage as standard cards
without crypto processor;

e NFC reader built-in or attached to a local
computer. NFC short range communication
minimizes risk of various attacks such man in the
middle. Does not require special setup before
usage;



Android  application  that handles NFC
communication and interaction with microSD card
functions. Through the application data is passed
to crypto functions on microSD card. It also acts
as VPN profile storage that contain VPN
parameters and handles NFC communication;

Agent application on a local Windows computer
that handles communication between OpenVPN
client and NFC;

Remote OpenVPN server [1] as part of complete
solution provides access to secured network
resources over VPN tunnel based on user
identification.

This solution can also be used with other smartphones as
well if there is vendor provided library for crypto microSD
card for particular OS.

Mobile devices with iOS do not have a slot for external
microSD card. Therefore they are unable to make best use of
this solution. Tested crypto microSD card vendor enables to
use this proposed solution by connecting microSD card reader
via i0S device lightning port.

B. VPN identification

Mobile identification in this solution taps into existing TLS
authentication protocol and OpenVPN “management” and
“management-external-key” functions [2].

Main VPN identification steps in Fig. 1 of the proposed
solution:

1.  Non-sensitive data transfer from mobile phone to
a local computer;

Initial TLS handshake until TLS authentication;

SHA1 (160 bits) and MDS5 (128 bits) hash
calculation according to TLS authentication
protocol. Transferring a combined hash with
length of 288 bits to Android mobile phone
application for hash signing with a private key
within crypto processor based microSD card;

Finalizing TLS handshake.

Android mobile phone

© ®

M

A 4 A

Local computer

® ®

OpenVPN server

Fig. 1. VPN identification steps of the proposed solution
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Identification steps 2 and 4 in Fig. 1 are handled by
OpenVPN therefore they will not be discussed further.

User initiates identification by selecting profile in Android
application which relates Open VPN configuration parameters,
CA and client certificates and identifier for a private key that is
stored on PKCS#11 microSD. After that user PIN code has to
be entered for interaction with objects in microSD. If code is
correct then user touches mobile phone to NFC reader. From
this point Android application and agent service installed on a
local computer handles identification process.

Android application sends VPN parameters, CA and client
certificates to a local computer via NFC protocol. Agent
service on a local computer employs received information to
initiate OpenVPN TLS connection. This covers identification
step 1.

During Step 3 according to TLS protocol SHA1 [3]
(160 bits) and MD5 [4] (128 bits) hash values of all previous
communication are calculated. So the total value of 288 bits
has to be signed within 60 seconds with a private key
corresponding to previously provided client certificate. Agent
program sends this value to Android application which passes
it to microSD along with a private key identifier for signing
operation. Signature is then sent back to agent program via
NFC and passed on to Open VPN server for authentication.

If hash value was signed with correct private key and
signature was submitted to Open VPN server within 60 seconds
of TLS initialization then authentication is successful and VPN
connection gets established.

Once VPN connection is established mobile phone can be
removed from NFC reader since it is used only to provide
configuration and user authentication at initial stages. There is
no further interaction with mobile or crypto microSD card after
hash signature is sent to a local computer.

In case network connection is lost and VPN tunnel
disconnects then mobile identification steps have to be repeated
in order to establish new VPN connection.

III. SYSTEM SECURITY

Whole system security is based on how each component is
secured and where sensitive data is located and used.

System is built from three main communicating devices:

e  Android mobile phone — used as OpenVPN client
CA and client certificate holder. Private key is
stored as an object on microSD card that supports

PKCS#11;

Local computer — intended OpenVPN client that
will establish VPN connection and gain access to
remote resources;

Remote Open VPN server — used to provide access
to remote networks or resources. It can be located
on internal network without any access from
Internet to secure private network resources or
connection can be established over Internet.



A. PKCS#11 microSD card

PKCS#11 microSD card cryptographic functions in the
system are only reachable through provided Android library
which uses microSD read and write commands to invoke
special crypto processor functions.

Objects contained in the card can only be manipulated with
when API authenticates against the card with initially set PIN
code. Without it any PKCS#11 operations with the card objects
(private keys, certificates) are prohibited.

Main function used for this solution is RSA PKCS #1 v1.5
signature RSASP1 (K, m), where input parameters are as
follows [5]:

K - RSA private key, where K has one of the following
forms:
e  pair (n,d)
quintuple (p, g, dP, dQ, glnv)

m - message representative, an integer between 0 and n-1

Output is a signature s represented by an integer between 0
and n-1. Assumption of the calculation is that private key K is
valid.

1. If the message representative m is not between 0 and n-1
then message is too long and cannot be signed.

2. If the first form (n, d) of K is used:

2.1 Let s = m"d mod n.

Else, if the second form (p, g, dP, dQ, gInv) of K is used:
2.2 Let s_1 = m"dP mod p.

2.3 Let s_2 = m"dQ mod q.

24 Leth=gqlnv (s_I-s_2)modp.

25 Lets=s_2+ hq.

3. Output s.

RSA signature length depends on a private key size. For
private key which size is 1024 bits the signature size is 128
bytes and for 2048 bit — 256 bytes.

Timings were measured when signing with different key
sizes in crypto processor. Signing, including user
authentication against microSD card and other related
operations, took around 2 seconds in total. In this particular
crypto processor realization there was no difference in timings
when signing with different key sizes.

B.

System security on mobile phone relies on operating
systems security. Since private key is not retrievable from
microSD card and without knowledge of the PIN code it is not
possible to use any PKCS#11 functions with private key object.

Android mobile phone

The only way PIN of microSD card can be obtained is if
user gives this information to someone or mobile phone
keyboard button presses are being monitored. More difficult
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approach to acquiring PIN code would be to monitor all system
calls sent to microSD card.

Prevention from technological aspect of stealing PIN code
can be mitigated by carefully selecting applications that mobile
phone user is installing and what permissions they require. As
well as keep mobile phone running without phone user
acquiring elevated user privileges. Getting root permissions on
mobile phone widens attack surface and introduces more
possible security threats with bigger impact due to full access
to operating system and its processes.

C. NFC channel

NFC communication is possible only between two devices.
In this case it is between mobile phone and Windows computer
with NFC reader. Reader can be built-in or connected as
peripheral. Although theoretical working distance of NFC is
less than 10cm after number of tests with mobile phones and
several NFC readers the actual measured distance is no more
than 1.5cm. And that can only be achieved if mobile phone is
held at certain angle against NFC reader. This distance limits
possible information theft or man-in-the-middle attacks unless
reader itself has been physically tampered with.

Even if NFC communication would be eavesdropped in this
proposed solution NFC channel handles only data that are not
sensitive and cannot be used for anything except for currently
ongoing authentication.

Data transferred via NEC is:

e CA and Client certificates — can be publicly

viewed;

OpenVPN parameters — file containing remote
OpenVPN server IP address and port number. This
information can be obtained by doing port scan;

Hash values — related only to current TLS
connection and cannot be used elsewhere. Even
with current connection they become invalid after
60 seconds;

Signature — related only to current TLS connection
and cannot be used elsewhere. Even with current
connection they become invalid after 60 seconds.

Data transfer rates were tested with different phones and NFC
readers. When phones were in close enough proximity to
establish NFC communication the data rates were always
according to standard specifying data rate of 424 kbit/s. Actual
transfer speed measured was around 40KB/s. Amount of data
that needs to be transferred during VPN identification mainly
depends on certificate and signature sizes. OpenVPN
configuration parameters used are up to size of 1KB. With
tested key length of 2048 bits whole NFC data transfer took
less than 0.2 seconds.

D.

A local computer has to be secure enough for particular
VPN connections that are to be established. No sensitive data
related to VPN connection is stored on a local computer.
During VPN tunnel setup phase local computer handles only

Local computer



information that is transferred via NFC. In general if more
than one user is using local computer some files can be
inspected by another user. After successful establishment of
VPN tunnel all configuration data are removed by running
agent program. Sensitive data such as a private key is never
present on local computer. If unauthorized user gets access to
computer he will not be able to reach remote network resources
over VPN.

Agent program only allows initiate VPN connection when
user is logged in with his user profile. It is not possible to
establish connection if user is in lock screen. To avoid
someone else establishing VPN connection without knowledge
of current user working with the computer agent service shows
notification when VPN connection is being established. Only
single Open VPN connection instance is allowed at one time.

IV. OVERALL SECURITY ANALYSIS

Main focus of proposed system security is a way how a
private key is accessed and ability to use it with cryptographic
functions. Retrieval of a private key object from microSD card
is not possible therefore it is important to prevent its usage with
cryptographic functions.

Standard way to use cryptographic processor functions is
via library built into Android application. Through that library
user presented PIN code is passed on to microSD card crypto
processor for authentication.

Maintaining overall operating systems security is best way
to keep access to crypto processor secured. Without privileged
access to operating systems privileged “root” user no other
application or person will be able to listen system calls to
microSD card. This also prevents from unauthorized inspection
of keyboard input.

NFC has several defined standards that cover NFC channel
security. ECMA [6] has released standard ECMA-385 [7] that
defines available NFC security services and protocol NFC-
SEC. While extending protocol with ECMA-386 [8] adding
ECDH and AES support. These standards use key agreement
mechanism based on ISO/IEC 11770-3 [9].

Another standardization body NFC Forum has released
version 1.3 of the LLCP specification [10] that adds an
unauthenticated secure data transport option to ensure privacy
and confidentiality of messages exchanged between peer
devices.

While these standards exist to ensure NFC channel security
between two peer devices they are not yet implemented on
mobile phones. This relates to the fact that due to very short
NFC communication range it is unlikely that someone will be
able to abuse NFC data transfers therefore NFC security
standards are not yet widely implemented. In proposed solution
no sensitive data are being transferred.

V. CONCLUSION

The proposed VPN identification solution brings security
and portability benefits with minimal cost. Adoption of crypto
processor based microSD card secures private keys and all
related cryptographic operations.

(0]

Even if mobile phone or cryptographic card would be lost
or stolen a private key object and related functions would not
be accessible without knowledge of the PIN code. One could
try to brute force PIN code but it is long enough to give enough
time for the owner to invalidate all access and revoke
certificates related to the stolen keys. Cryptographic cards do
not differ from standard cards in visual appearance or from
operating system perspective. Cost of same size microSD cards
with crypto processor are only marginally higher.

Most of the interaction during VPN identification process
with the proposed solution has been automated therefore
requiring less user interaction while providing improved
security and portability benefits.

The proposed solution is used to authenticate local
computer against a remote OpenVPN server and create VPN
connection with the help of smartphone. Similar solutions that
use crypto microSD card authenticate not a local computer but
smartphone itself in order to create VPN tunnel between phone
and remote VPN server.

VI. ABBREVIATIONS AND ACRONYMS
NFC — near field communication;
API — application programming interface;
PIN — private identification number;

PKCS#11 - standard defines a platform-independent API to
cryptographic tokens;

TLS — transport layer security;

SHA1 — secure hashing algorithm version 1;
USB — universal serial bus;

VPN - virtual private network;

IP address — numerical label assigned to each device
participating in a computer network that uses the Internet
Protocol for communication;

port — endpoint of communication in an operating system;

AES Advanced Encryption Standard,
encryption protocol;

symmetric

ECDH - Elliptic curve Diffie-Hellman key agreement
protocol;

CA — certificate authority.

REFERENCES

(1]
(2]

OpenVPN [Online]. Available: https://openvpn.net/
OpenVPN. Management interface [Online].
https://openvpn.net/index.php/open-
source/documentation/miscellaneous/79-management-interface.html

Available:

[3] US Secure Hash Algorithm 1 (SHAI1) [Online]. Available:
https://tools.ietf.org/html/rfc3174
[4] The MDS5 Message-Digest Algorithm [Online].  Available:

http://tools.ietf.org/rfc/rfc1321

PKCS #1: RSA Cryptography Specifications Version 2.0. RSASP1
[Online]. Available: https:/tools.ietf.org/html/rfc2437#section-5.2.1

[5]




[6] ECMA International [Online].  Available:  http://www.ecma- [9] ISO/EC 11770-3:2015. Information technology -- Security techniques -

international.org/ - Key management -- Part 3: Mechanisms using asymmetric techniques
[71 NEC-SEC: NFCIP-1 Security Services and Protocol [Online]. Available: [Online]. Available: http://www.iso.org/iso/iso_catalogue/catalogue_tc/

http://www.ecma-international.org/publications/files/ ECMA-ST/ECMA- catalogue_detail.htm?csnumber=60237

385.pdf [10] NFC Forum Technical Specifications [Online]. Available: http://nfc-
[8] NFC-SEC-01: NFC-SEC Cryplography Standard using ECDH and AES forum:or ! our-work/s ecificati_ons—and—fl ligation—documenls/

[Online].  Available: http://www.ecma-international.org/publications/ specifications/nfc-forum-technical-specifications/

filess ECMA-ST/ECMA-386.pdf

76



Informacinés technologijos : konferencijos pranesimy medziaga / Kauno technologijos universitetas, Vytauto DidZiojo
universitetas, Vilniaus universitetas ; atsakingoji redaktoré Erinija Pranckevic¢iené. — [1999]- . — Kaunas : Technologija,
1999- [2016] : XXI tarpuniversitetinés tarptautinés magistranty ir doktoranty konferencijos ,,Informaciné visuomené ir
universitetines studijos” (IVUS 2016) medziaga : 2016 m. balandzio 28 d., Kaunas, Lietuva = [2016] : proceedings of
the XXI international Master and PhD conference “Information society and university studies” (IVUS 2016) : 28"
April, 2016, Kaunas, Lithuania / Vytauto Didziojo universitetas, Kauno technologijos universitetas, Vilniaus
universiteto Kauno humanitarinis fakultetas ; redakciné kolegija: Tomas Krilavicius ... [et al.]. — Kaunas : Vytauto
Didziojo universitetas, 2016. — 77 p. : iliustr. — Bibliografija straipsniy gale.

ISSN 2029-249X (spausdintas)
ISSN 2029-4824 (internetinis)

INFORMACINES TECHNOLOGIJOS

XXI tarpuniversitetinés tarptautinés magistranty ir doktoranty konferencijos ,,Informaciné
visuomené ir universitetinés studijos* (IVUS 2016) medziaga, 2016 m. balandzio 28 d., Kaunas,
Lietuva

INFORMATION TECHNOLOGY

Proceedings of the XXI International Master and PhD Students Conference “Information Society
and University Studies” (IVUS 2016), 28" April 2016, Kaunas, Lithuania

Editor Audrius Varoneckas
Approved for printing 2016 04 25. A run of 24 copies. (No of P. 77)
Order No. K16-023.
Published: Vytautas Magnus University, K. Donelai¢io g. 58, LT-44248 Kaunas
www.vdu.lt | leidyba@bibl.vdu.lt

Redaktorius Audrius Varoneckas
Pasirasyta spausdinti 2016 04 25. Tirazas 24 egz. 4,85 leidyb. apsk. 1. (77 p.)
Uzsakymo Nr. K16-023.
I8leido: Vytauto Didziojo universitetas, K. Donelaicio g. 58, LT-44248 Kaunas
www.vdu.lt | leidyba@bibl.vdu.lt



