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The PhD thesis was discussed and allowed to be defended during an extended session
of the Modeling and Optimization Department at [ICT-BAS, which had been held on
September 8, 2017.

The defense of the PhD thesis had been held on December 12, 2017 at 10:30AM in
room 507, block 2, IICT-BAS.

The full volume of the dissertation is 135 pages, which includes 25 figures, 30 tables, and 30

pages of references with 240 positions.
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Research Topic and Motivation

A major flaw in the training of artificial neural networks with evolutionary algorithms
i1s the fact that almost there is no implementation of the full-connected artificial neural
networks training. The second major drawback is that generally artificial neural networks are
used in two phases - training and operation. The problems described by time series is
characterized with grow as time progress and naturally artificial neural networks should be
re-training, to the new information. Using exact numerical methods (such as the most
popular back propagation) is effective, but relatively inapplicable in artificial neural network
with full-connected topology. In the literature there are presented numerous hybrid models
for training artificial neural networks with exact numerical methods in combination with
methods of heuristic optimization. Third, although minor problem is proper selection of
appropriate and accurate heuristics for making hybrid training. In the literature there is a
relatively small overlap of artificial neural networks trained in a distributed environment so
that maximum benefit of parallel implementation of optimization algorithms from the group

of evolutionary algorithms and population algorithms.

Aims and Tasks of the Dissertation

To solve the problems identified in the thesis the following objectives are
distinguished: 1. Realization of models of full-connected artificial neural networks; 2.
Implementation of algorithms for continuous training, even during operation of the artificial
neural networks; 3. Implementation of a hybrid combination presented in the literature by

exact and heuristic algorithms for artificial neural networks training; 4. Implementation of a
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6 Todor Balabanov

software system as a client-server application running in a distributed computing

environment.

To achieve the objectives outlined, group of tasks are targeted. As the main task of the
thesis is the realization of a model of artificial neural networks (C ++ and JavaScript
implementation) as fully-connected topology. This task consists of two pieces - an
implementation of the client application and implementation of the server application.
Second in importance is the task of continuos fully-connected artificial neural networks
training. The training must take place in a continuous 24/7 cycle. For this purpose algorithms
suitable for continuous distribution of tasks from server to client should be available and
continuous training of local copies of artificial neural networks that support client machines.
Third in importance is the task of appropriately combining algorithms such as genetic
algorithms and differential evolution algorithms and back propagation, so that the duration of
the training of artificial neural networks to be reduced. The fourth most important task is
related to the technical implementation of the system and carrying out the necessary

experiments to confirm the effectiveness with which it works.
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Chapter 1 - Overview of Forecasting Time Series Systems

Forecasting time series is a complex task that is used in many areas with a lot of
research in the field. To create predictive software systems require multiple skills and
knowledge. The importance of the tasks of forecasting is so great that they are used in almost

every sphere of human life (temperature, rainfall, power supplies, etc.).

Analysis - problems, goals and tasks

Forecasting of financial time series with the help of heuristics formulate a set of
problems that can be pointed as objectives of the thesis, and these goals can be broken down

into tasks that will lead to achieving the goals.

A major drawback of the discussed solutions for artificial neural networks training
with evolutionary algorithms is the fact that there is almost no occurrence of full-connected
artificial neural networks training. The second major drawback in the existing examined
solutions is that generally artificial neural networks are used in two phases - training and
operation. The problems described in the terms of the time series is characterized with
growth and naturally artificial neural networks should be constantly re-trained to fulfill the
newly obtained information. Using exact numerical methods (such as the most popular back
propagation) is effective, but relatively inapplicable in artificial neural network with full-
connected topology. In the literature thee are numerous hybrid models for artificial neural
networks training with exact numerical methods in combination with heuristic optimization

methods. Third, although minor problem is proper selection of appropriate and accurate
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8 Todor Balabanov

heuristics for making hybrid training. In researched information sources relatively little
overlap opportunities are seen for artificial neural networks training in a distributed
computing environment so that maximum benefit to be obtained by optimization algorithms

in the groups of evolutionary algorithms and population algorithms.

The objectives of the thesis are as follows: 1. To implement models of full-connected
artificial neural networks; 2. To implement algorithms for continuous training, even during
operation of artificial neural networks; 3. To implement the hybrid combination presented in
the literature between exact numerical and heuristic algorithms for artificial neural networks
training ; 4. To develop a software system as a client-server application running in a

distributed computing environment.

To achieve the objectives a series of tasks were formulated. The main task of the thesis
1s the implementation of a model of artificial neural networks in C ++ and JavaScript as
fully-connected topology. This task consists of two pieces - an implementation of the client
application and an implementation of the server application. Second in importance is the task
of continuous training of fully-connected artificial neural networks. The training must take
place in a 24/7 cycle for this purpose there should be available algorithms suitable for
continuous distribution of tasks from the server to the client applications and continuous
training of local copies of artificial neural networks supported on the client machines. Third
in importance is the task of appropriately combining algorithms such as genetic algorithms
and differential evolution algorithms with back propagation, so that the duration of the
training of artificial neural networks to be reduced. The fourth most important task is related
to the technical implementation of the system and carrying out the necessary experiments to

confirm the effectiveness with which it works.

Chapter 2 - Model for Time Series Forecasting with Artificial Neural Networks

Trained by Evolutionary Algorithms

Abstracts of Dissertations 6 (2017) 3-21
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The complexity of the task of time series forecasting requires the development of
faster acting algorithms that lead to predictions with greater accuracy. The basis of artificial
neural networks predictions is the idea of training based on a sequence data for the recent
period. The choice of training algorithm can be made of two main areas - exact numerical
optimization methods and heuristic optimization method. Applying appropriate heuristic
algorithms may lead to their use in the distributed environment and significantly speed up

the process of training.

Proposed Forecasting System

The thesis is proposec for the purpose of forecasting a mathematical model based on
artificial neural networks to be used. The training is done with differential evolution in the
form of calculations in a distributed environment. The allowed types of topologies are: 1)
Multi-layer perceptron; 2) Multi-layer recurrent; 3) Full-connected networks. The proposed
model is based on the classic artificial neural network. As a summation function is proposed

the usage of a linear function.

Fig. 2.1 Training system based on DE and ANN in a distributed environment (left) and sharing tasks in a distributed computing system (right).

The training of artificial neural networks are implemented using differential evolution.
In the systems for distributed environment calculations the centralized server distributes
calculating tasks to the remote computers (Fig. 2.1 - Step 1). At certaine moment in time the
remote computers perform the task (Fig. 2.1 - Step 2). When the client complete the
calculation of the assigned task it returns the result to the server (Fig. 2.1 - Step 3). These

three general steps in this process are repeated until there is a working server and client
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10 Todor Balabanov

computers attached to it.

In the parallel implementation of differential evolution local copies of the artificial
neural network and the differential evolution are created [BAZA2010]. The training is
carried out locally by each chromosome in the population indicates a single point
(individual) in the search space. While different individuals are grouped relatively close to
each other in this space. Upon separation of the calculations on a plurality of computers, like
grouping of individuals can result in a local study of the different areas in the space of
solutions (the search space) [BATO2011]. In this aspect, the most important is the
synchronization policy by the synchronization process includes the broadcasting of the best
individuals and their collection in one centralized place (in client-server architecture). This
set of globally most fitted individuals can be used when creating of the local sub populations
is done. In the presence of a large number of customers, the server load can be lower by

reducing the frequency of communication with the clients.

Chapter 3 - Practical Implementation of Time Series Forecasting Software System

with Artificial Neural Networks and Evolutionary Algorithms

In MetaTrader 4 trading platform all information is programmatically accessible by
means of the built-in programming language called MQL4. The trade terminal MetaTrader 4

provides visualization of information from time series.

Fig. 3.1 Quotes EUR / USD in MetaTrader 4.
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Programing API of MetaTrader 4 allows quotes for each currency pair to be provided
outside the trading terminal with normalization applied in advance. The chart specifies the
highest level achieved, then the lowest level achieved and the values of each bar normalize in
the range 0.0-1.0. This normalization step is necessary because using artificial neural
network works with signals in the range 0.0-1.0. The second reason for the performance of
normalization is the presence of multiple currency pairs that have different nominal values.
For example, the ratio EUR/USD 1is in the range of 1.13510 (information to date
10.20.2015), while the ratio USD/JPY is around 119 830 (information to date 20.10.2015).
Once the artificial neural network offered its forecast the operation of scaling reverses the

output to minimum and maximum value on the graph.

Traders receive the currency pair quotes from a centralized server. This organization
allows the computer of every trader to launch additional module for calculations (proposed
in the thesis) to perform calculations on the artificial neural networks training. The proposed
calculation module is a standard executable file that reads the quotations recorded by MQL4
in text files. The training of a specific topology artificial neural networks for specific quotes,

in a particular time interval can be distributed among multiple computers.

Backend Module for Monitoring and Tuning of the System

The module for monitoring and system tuning is used to set the parameters under
which runs the training of artificial neural networks. The module was developed as a Java
Applet and it can be accessed by different computer systems using a standard web browser.
The administrative module is intended solely for system operators who are in the role of
trusted employees. Additionally, the security level in the DBMS limit access to data only

within the local network infrastructure.
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Fig. 3.2 ANN visualization screenshot [NIRA2012] [ANMO2011] (left) and main web page of the public information system (right).

The most significant opportunity of the back-end system is the visualization of an
artificial neural network with all connections, as weights and/or activities as well. Neurons in
the network are displayed with different colors according to the role held in the network
(input, output, or internal shifting). Location of neurons to visual space can be changed by

using the mouse and keyboard (Fig. 3.2 — left).

Front-end Module of the Information System

Front-end module is a web site developed with HTML, CSS and PHP. The aim of
public module is to present information system, which is for public use. The public
information includes a list of various artificial neural networks in the DBMS, different

efficiency by which individual networks are trained and their service identifier within the

DBMS (Fig. 3.3 - right).

The overall system includes various modules, some of which are available for public
use. List of publicly available modules is shown in the additional web page. Also front-end

contains a web page with contact information.

Chapter 4 - Application of the Forecasting System and Analysis of the

Experimental Results
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With increasing number of nodes in artificial neural networks, the number of weights
increased significantly, which could further impede the training process, especially for more
complex topology of artificial neural networks. The first direction of research is what
topology of artificial neural networks would be most effective for the purposes of the
forecasting. The classical three-layered artificial neural network and full-connected artificial
neural network are examined. Not only the number of layers and the particular set of

connections between them are important is also essential the total number of neural nodes.

An important point in the study is the choice of type of input and output data used in
the artificial neural networks. In terms of output, it is desirable to obtain directly an
estimated value (specific number or the difference of the predicted point relative to the
current). In terms of inputs are present the following options: 1. To submit time value; 2. To
submit a dimension value of a previous time; 3. To submit a set of values of magnitude in
previous moments; 4. To submit differences in the value of the magnitude of previous
moments; 5. To submit a combination of previous values of the magnitude and timing

information.

Incident nodes participation in a distributed computing system

In the proposed distributed computing system the main population is on a central unit
(server). Each client is attached to the system and receives a subset of the global population
(Fig. 4.1 - left). After this initial initialization optimization is carried out on a local level,
such as the central node is informed only for better individuals from the local population

compared with the already known best global achievements.
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Fig. 4.1 Incident nodes participation in a distributed computing system (left) and comparison between the incident nodes participation and ring

topology (right).

The central unit serves as a repository of individuals with the best achieved vitality of
local optimization procedures (a form of elitism). This part of the system for the exchange of
individuals between computing nodes was presented in [TBIZ2015], as a comparison

between incident nodes participation and exchange of information in a ring topology.

From the experiments done it is visible that the incident nodes participation converges

better (Fig. 4.1 — right).

Comparison Between C ++ and JavaScript for Forward Pass of ANN Training

In this study [BAGE2016a] a model for artificial neural networks training is presented
with the usage of differential evolution as training algorithm. The training of artificial neural
networks is implemented in a distributed computing environment and the network is
presented in the form of JavaScript code. The communication with the central node is

performed by usage of asynchronous AJAX requests.
The performance of JavaScript execution is the main leading argument this language

to be avoided in carrying out large-volume calculations or computations that require greater

accuracy.
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Fig. 4.2 Comparison for performance for information distribution in ANN, at the forward pass of the training between C ++ and JavaScript. On
the X axis are the number of neurons, and the Y axis is the performnce in milliseconds (left) and standard deviation during propagation of
information in ANN, at the formard pass between C ++ and JavaScript. Along the X axis is the number of neurons, and the Y axis is the standard

deviation (right).

In order to check the difference in the performance of the proposed AJAX-JavaScript
solution there were made a series of experiments with feedforward pass in an artificial neural
network. The freed-forward pass is encoded in two separate modules of the VitoshaTrade
system - respectively module in C ++ and JavaScript module. As is evident from Fig. 4.2
(left), that the performance is comparable to networks of 10 to 100 neurons. Each experiment

was executed 30 times and the average values are presented in the figure [BAKE2016].

In terms of performance languages as C++ and JavaScript are comparable, but the
stability of the calculation process is better in C++, which can be seen in Fig. 4.2 (right),
which reflects the mean square deviation of the time needed for computation. This difference
is mainly due to the presence of an interpreter and a web browser, something that is not
present in the calculations with C++. In the category languages as C++ program is initially

translated to assembly language, and then to machine code.

The implementation of calculations in a distributed environment as AJAX web-based
system leads to a very high degree of scalability in the system. Distributed computing can
run on any device supporting modern web browser which are capable to run JavaScript and
AJAX. Since the calculation is carried out within the web browser, which in turn is a process
of the operating system, and it in turn runs on physical hardware, although comparable in
performance boost, the calculations are less reliable (presence of interpreter ) than they were

in the implementation of languages like C/C++ or Assembler.
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16 Todor Balabanov

Comparison Between Different ANN Topologies

In time series forecasting with artificial neural networks the two most recent model
networks are classical three-layered network without recurrent connections and network with
recurrent connections. The experiments carried out with three-layer networks that have
different size of the hidden layer and the fully connected network (each node is connected
with each other, including it selves). With the full connectivity the effect of short-term

memory in the network is targeted.

For comparison between the full-connected and three-layer network topology of 28-
12-5 is selected. Fully connected network consists of 45 nodes. Both networks are trained
with genetic algorithms with the following parameters for the genetic algorithm: Population
size - 37; Probability of crossover - 0.9; Probability of mutation - 0.03; Title elite elements -
0.1; Arguments for a race selection - 2; Type crossing - binary; Type mutation - random delta

vector; Condition for optimization end - 24 hours.

Both networks are trained in equal conditions. The condition for the end of the training
is the expiry of a fixed period of time, namely 24 hours. As a result of training, fully-
connected network shows better parameters for less epochs of training. For multi-layer
perceptron 296037 epochs are needed. The best achieved individual in the population has
fitness of 656.1699030329493 and the error of the artificial network is 317.7286234453099,
while fully-connected network needed 294003 epochs with best fitness value of
656.169903010489 and network error of 317.0226357675591.

Having more weights in a fully-connected network results in a slow process of
training, but the presence of recurrent connections allows the formation of short-term
memory in artificial neural networks and at considerably longer training that gives priority to

this model.
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Comparison Between Three-Layered ANNs with Different Size in the Hidden Layer

The experiments were carried out with multilayer perceptron (3 layers). The input
submits 25 values from the past period and on the output are 5 values are expected (the
future values). For the purposes of the experiment data are divided into three subsets: 1.
Training data; 2. Validation data; 3. Testing data. The tested topologies have size of the

hidden layer of 30 to 1 nodes. All experiments were performed at the same intervals. Fig. 4.3
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Fig. 4.3 Number training epochs at the same time training interval, but different size of the hidden layer (left) and average error done by ANN
with training of network topology of three layers, the size of the hidden layer ranges from 30 to 1 (rvight).

In the experiments the average error that the networks of varying topology do is
evaluated. The aim is to establish in which values of the size of the hidden layer the network
1s most effective. Error calculation is made only using data from the testing subset. These are

data that are not used in the process of training and validation.

Fig. 4.3 (right) clearly shows that the most promising are the models with 22, 12 and 9
elements in the hidden layer, which corresponds to the topologies of networks: 1. 25-22-5; 2.

25-12-5; 3. 25-9-5.

Comparison of Forecasting Effectiveness at Different Input Data Window

For the three most effective model pointed in Fig. 4.3 (right), were carried out further
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experiments with the size, which has a time window from past periods. The amount of time

only to 5 values.
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window has been studied from 35 to 5 values as the window to predict future results is fixed
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Fig. 4.4 Number training epochs at the same time interval training, but different size of the input layer (lefi) and average error done by ANN

during training of network topology of three layers, where the size of the input layer ranges from 35 to 5 (right).

From Fig. 4.4 (left) it is clear that the size of the input layer almost has no effect on the
number of periods during which the training is held in a fixed interval of time (1 hour). Also,
it 1s clearly noticeable that the size of the hidden layer directly affects the number training
epoches at a fixed time interval. The slowest training is on hidden layer of 22 elements, the

fastest training is on hidden layer of 9 elements.

In Fig. 4.4 (right) clearly appears in which values of the input layer artificial neural
network has achieved the lowest error for the proposed estimate. For the size of the hidden
layer of 22 elements the most effective input layer has 29 elements. In a hidden layer of 12
elements the most effective input layer has 28 elements. And in the hidden layer of the 9
elements the most effective input layer has 26 elements. Of the three options best results are

obtained with a hidden layer of 12 elements, which is about half of the input layer.

Conclusions

Summary of Dissertation Achievements and Ideas for Future Work

In the dissertation there are presented main results obtained from studies conducted in

Abstracts of Dissertations 6 (2017) 3-21



DISTRIBUTED SYSTEM FOR TIME SERIES PREDICTION WITH EVOLUTIONARY ALGORITHMS AND ARTIFICIAL NEURAL NETWORKS 19

methods for predicting time series, algorithms and software systems for solving problems in
the field of forecasting. The purpose of this research is the development of heuristic
approaches to machine self-adaptive forecasting. Based on these approaches heuristics and
algorithms have been proposed to -enhance performance in artificial neural networks
training. Accelerated performance in artificial neural networks training is particularly
important for predicting time series, as the phase of training is significantly slower than the
stage of operating itself. The characteristics of these methods and algorithms, the quality of
the proposed design, and good program implementation are the basis for the creation of an

effective software system for time series forecasting in the field of currency markets.

The results achieved in the dissertation outlines the following directions for future
research, such as study of the proposed heuristic approaches for demand forecasting in other
areas, not just in terms of currency markets; Expanding the programming system to include
other methods for predicting time series, in order to more efficient comparative analysis;
Expanding the capabilities of the web-based interface in the system and even performing

calculations in a distributed environment based on calculations in mobile devices.

Contributions

Scientific Contributions

1. A heuristic approach is proposed for training fully-connected neural networks in a
distributed environment based on incidental node participation;

2. A heuristic approach is proposed for training fully-connected neural networks in a
distributed environment based on differential evolution;

3. A method for machine learning of fully-connected neural networks in a distributed
environment based on the proposed heuristic approach for training with incidental node

participation was developed;
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4. A method for machine learning of fully-connected neural networks in a distributed
environment based on the proposed heuristic approach for differential evolution training was

developed;

Scientific-Applied Contributions

5. Suggested algorithms for predicting time series using fully-connected neural
networks trained by a suggested heuristic approach with incidental node participation;
6. Suggested algorithms for predicting time series using fully-connected neural

networks, trained with a proposed heuristic approach with differential evolution;

Applied Contributions

7. The proposed approaches, methods and algorithms for forecasting time series with

data from foreign exchange markets have been investigated and experimentally evaluated.
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O6wWwm xapakTepucTUKU Ha aucepraumsaTa

AKmyanHocm Ha memama

OcHOBEH HenocTaTbK NpU OOYYEHHETO Ha HU3KYCTBEHHM HEBPOHHHM MpPEKH C
€BOJIFOLIMOHHUA AJITOPUTMU € (PaKThT, Y€ IMOYTH HE CE€ CpEIlaT pealn3aliyd Ha IbJIHO-
CBBbP3aHU HM3KYCTBEHM HEBPOHHU MpEXU. BTOpUAT OCHOBEH HENOCTaThK €, Y€ MacoBO
U3KYCTBEHH HEBPOHHU MPEXKHU CE€ M3MOJ3BaT Ha JiBe (a3u - o0yueHue u excroarauus. [Ipu
npobJeMuTe, ONMCBAHM C BpPEMEBU DPEIOBE, € XapaKTEpHO C HalpelBaHE Ha BPEMETO
BpEMEBHUSI peJl 1a HApacTBa U € ChBCEM €CTECTBEHO M3KYCTBEHU HEBPOHHU MPEXH J1a ObJie
npeoOydaBaHu, CIPSIMO HOBOMOCThIIMIIaTa nH(OpManus. M3mnon3BaHeTo Ha TOYHU YHUCICHH
METOAU (KaTro Hal-MOMyISPHUAT OOPAaTHO PAa3NpOCTPAHEHUE HA Tpelikara) € e(heKTUBHO, HO
OTHOCUTEITHO HENPUJIOKUMO TMpPU HM3KYCTBEHU HEBPOHHU MPEXH C I'BIHO-CBbp3aHa
Tonojiorus. B nureparypara ca npeacTaBeHH MHOXKECTBO XHOPUIHU MOJENH 32 00OyUeHHE Ha
U3KYCTBEHH HEBPOHHU MPEXKU C TOYHU YHCIEHH METOAUM B KOMOMHAIUS C METOIU 3a
eBPUCTHUYHA ONTUMU3ALMs. TpeTu, Makap W BTOPOCTENEHEH MpoOJeM, € MPABHUIHOTO
n30MpaHe Ha TOAXOASIIM TOYHU U €BPUCTUYHHM METOAU 3a U3BBPIIBAHETO HAa XUOPUAHO
obOyuenue. B nuteparypara ce 3abensizBa OTHOCUTENHO cjabo 3acThlIBaHE Ha
BB3MOKHOCTHTE HW3KYCTBEHM HEBPOHHU MpEXH Ja ce oOydaBaT B YCIOBHUSATA Ha
pasnpezesieHa cpeia, Taka Y€ MAKCUMAIHO Ja C€ IOJI3BaT BBb3MOXKHOCTUTE 3a IapajiellHa
peanu3anys Ha ONTUMU3ALMOHHUTE aIrOPUTMH OT IpyliaTa Ha €BOJIOLMOHHUTE aIrOPUTMHU
Y TIOIYJIALIUOHHUTE aJITOPUTMHU.

[Tpu THproBusita ¢ GUHAHCOBM MHCTPYMEHTH Ca BAXKHU TPU OCHOBHHU MapameTbpa: 1.
B kos mocoka mie ce nmpoMeHH lieHaTa (MoBUlIeHUEe uiu HamasieHue); 2. Konko Bpeme 1ie
OpOABIKMA TOBAa HapacTBaHe WM HamaisiBaHe; 3. KakbB ga Obae 00eMbT Ha JIbjrara Wid
KbCaTa MopbhUKa; Thil KaTO THProOBUSITAa HOCH CBOUTE PUCKOBE MOCPEIHUIINTE/OPOKEPUTE CE
HaJjiara Jia mpaBsT €KEeJHEBHU aHAJIM3HM Ha CBETOBHATa MKOHOMUYECKa 00cTaHOBKA. B 00mus

Clly4ail Ha OTTOBOPHO YTpAaBJIEHUE T€ WHBECTHPAT CPEICTBA HA CBOM KIMEHTH ((U3HUECKU
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win opuauuecku nuna). [Ipu mogdupaHeTo Ha MHCTPYMEHTH B KOMTO Jia CE€ peau3upar
WHBECTULIUHUTE, MOCPEIHULIUTE HAaM-BEUYE€ CE€ HHTEpPECyBaT OT IOCOKara B KOATO IIIE Ce
MPOMEHHU IieHaTa. ThbpryBalluTe Ha TIOOANHMS IMa3ap YCJIOBHO CE pasleisaT Ha JABE TpyIu
,»MEUKu*“ ¥ ,,0ukoBe*. Meradopara 3a HA3BaHMETO HA TE3W JIBE TPyNH H1Ba OT (hakTa, 4ye
Me4YKaTa Hamaja MPOTUBHHUKA CH ONMMUTBAWKHU C€ Ja TO 3aXJIyIH C JIallUTe CH, a OMKBT Hamaja
MPOTUBHUKA CH OMUTBAMKU C€ Ja ro MPOMYIIU C porara CH OTAOJYy Harope. JIBeTe rpymnu
THPTYBAILlA Ca B TOCTOSIHHO MPOTUBOMOCTABSIHE U MO TO3W HAYWH BIIMSIAT HA Ma3apa, Taka ue
TOW J]a MOBMINIABA LIEHUTE CH WM Ja HaMalsBa LIEHUTE CH B 3aBUCUMOCT OT TOBA KOSl OT
JIBETE TPYNH HaJJeNIsiBAa B KOHKPETHUSI MOMEHT. BTOpUST CHIIECTBEH MapameThp € KOJKO
JUBJITO 1€ TPOABIKH €IHO TTOBUIIICHHE WIIM HaMalisiBaHe Ha 1ieHata. Ciel KaTo MOCPEeTHUKBT
€ OTBOPHJI CBOSITA MO3UIIUS U YCHEIIHO € MPEeIBUINUI MOCOKaTa Ha MPOMSHA CTaBa aKTyaJjieH
BBIPOCHT KOJKO JIBJITO Ta3W MO3UIHS Aa Ob1e 0TBOpeHa. OTroBOPHT HA TO3H BBIIPOC € TPSKO
CBBpP3aH C pa3Mepa Ha medanbdara peaqu3upaHa OT KOHKPETHATa MO3UIUS. AKO MO3UIIHUITA
ObJle 3aTBOpPEHA TBBPJEC PAHO II€ MMa Hepealn3upaHa nedanda. AKo MO3UIUATa ObJle
3aTBOpEHA TBBPJIE€ KbCHO € BB3MOXKHO aKymyjdupaHa Ieyanba na ce cromu. Haii-
ONTHUMAIHUIT MOMEHT 3a 3aTBapsiHE Ha €Ha OTBOPEHA MO3UIIUS € KOraTo JBM)KEHHETO Ha
[[IEHaTa OT BB3XOSIIO CTaHE HU3XOMSIIO WU oOpaTHOTO. [locnenHusT, TpeTH mapameTsbp, €
CBBp3aH C pa3Mepa Ha MoeMaHus puck. Onura Ha TOCPEIHULIUTE ObP30 TH YUH, Ue
HAJIMYHUTE aKTUBU HE C€ MHBECTUPAT CaMO B €IMH (DMHAHCOB MHCTPYMEHT, a B Iisyla Tpyrna
WHCTPYMEHTH. PasmpesensHeTo Ha puCKa C€ TMOCTUTHA C WHBECTHIIMOHEH MOPT e
Kenanmero Ha BCEKM ThpPryBalll € /1a MHBECTHpPA KOJKOTO CE€ MOXKE IMO-TOJisiMa 4acT OT
AKTUBUTE B TMEUETUBIIM MO3UIMU. TOBa KOETO OrpaHHWYaBa MOCPETHUIIUTE J1a UHBECTUPAT
BCUYKO B €UH KOHKPETEH HMHCTPYMEHT M €JIHa KOHKpETHa MO3UIIMS € PUCKBHT Ja He
Pa3MO3HAST MPABUIHO MOCOKATa B KOSTO 1€ C€ MPOMEHHU IIeHaTa U MPOIBJLDKUTETHOCTTA Ha
CHOTBETHOTO YBEJIIMUCHHE WM HamajeHue. Ako ObJie HampaBEHO IMOTPEIIHO pPEIICHUE 3a
WHBeCcTHpaHe (IT0COKa, MPOIBIKUTEIIHOCT, 00eM) MOTaT Ja MoceABaT 3HAYNTETHH 3aryou 3a
CchOTBETHATa no3unus. [IpobnemMure npu THpryBamTe Ha CBOOOAHUTE Ma3apu ca CBbpP3aHU
TOYHO C MPOTHO3MpPAHE HA TOCOKaTa M MNPOABIDKUTEIHOCTTA B IMPOMSIHATA HA IECHUTE.

Pemenueto 3a ThpryBanus o0em e 3aja4da oT o0siacTTa yrpasieHue Ha (GUHAHCOB OPThEn
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" HAMaA IIpsAKa BPb3Ka C IIPOTrHO3UPAHETO.

Lenu u 3ada4yu Ha ducepmayusima

3a pemaBaHe Ha HaOeNs3aHUTE MPOOJEMU B JTUCEPTALMOHHMS TPYH CE OTIMYaBaT
cnenuute uenu: 1. Peanmuzanus Ha MOJEIM HAa MHIHO-CBbP3aHU M3KYCTBEHU HEBPOHHU
MpPEXKU; 2. Peanuzainus Ha ajropuTMu 3a HEMpeKkbcHAaTo oOydyeHue. OOydeHHETO 1a
npoabbkaBa M B Mpolleca Ha EKCIUIoaTalusi Ha H3KYCTBEHUTE HEBPOHHU MpEexH; 3.
Peanuzanus Ha xuOpumHa KOMOMHAIMS OT TPEACTABEHUTE B JUTEparypaTta TOYHH H
EBPUCTUYHU AJITOPUTMU 3a 00yueHHEe HAa M3KYCTBEHU HEBPOHHU Mpexu; 4. Peanuzanus Ha
nporpamta cuctema. Cucremara aa 6bae oz ¢popMaTta Ha KIMEHT-ChbPBBP MPHIOKECHNE U J1a
paboTu B cpena 3a pasnpeesieHd U3UNCICHUSI.

3a moCTHraHeTo Ha UENIWTE ca oyepTaHu rpyna 3agadyud. OcCHOBHA 3ajada IO
JTUCEPTALMOHHUS TPYJ € pealn3anuara Ha MOJIEN 3a U3KYCTBEHU HEBPOHHU MPExH chc CH++
u JavaScript. /la ce mo3BossiBa paboTaTta ¢ IbJIHO-CBbp3aHa TOMOJIOTUs Mpexku. Tazu 3amada
Ce ChCTOM OT JIBE€ MOA33Jayu - peanu3alus Ha KIMEHTCKO MPUIOKEHHE U peanu3anus Ha
CBPBBp TMpPWIOKEHHE. BTopa Mo BaXXHOCT € 3ajayara 3a HENPEeKbCHATO OOyueHHe Ha
MPEIJIOKEHUS TBJTHO-CBbP3aH MOJIEN Ha U3KYCTBEHH HEBPOHHH Mpexku. OOyueHuero TpsioBa
Ja TpoTuda B HempekbcHaT 24/7 nukbia. ToBa o3HadyaBa, ye TpsAOBAa Ja ca HAJUYHH
NOAXOJSIIM aITOPUTMU 3a HENPEKbCHATO pa3MpeAeiisiHE Ha 3aJadd OT ChpPBbpa KbM
KJIMEHTCKUTE MPUJIOKEHUS MU HENPEeKbCHATO OOyYeHUE Ha JIOKAJHUTE KOMUs Ha
M3KYyCTBEHUTE HEBPOHHU Mpexu. Tpera 1o BaKHOCT € 3ajadaTta 3a MOJXOAsIIII0 KOMOMHUpaHe
Ha aJITOPUTMUTE FEHETUYHU aITOPUTMHU U H(epeHInanHa eBOIIOLUs C AITOPUTMHU OT BHUJIA
o0paTHO pa3NpoOCTpaHEHUE Ha TIpeliKara, Taka Y€ BpPEMETPAaCHETO Ha OOy4YEeHHMETO Ha
U3KYCTBEHH HEBPOHHUM MpEXH na Oble HamajeHo. YeTBbpTara MO Ba)XXKHOCT 3ajada €
CBBbp3aHa C TEXHMYECKaTa peajn3alus Ha CUCTeMara U MPOBEKIAHETO HA HEOOXOAUMHTE

eKCTIEpUMEHTH 32 MOTBbPXK/IaBaHe HA €(PEKTUBHOCTTA C KOSATO TS paboTH.
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MaBa 1 - O630p Ha cucTemMu 3a NPOrHo3mpaHe Ha BpeMeBU peaoBe

[Iporno3upaHeTo Ha BpEMEBU PEAOBE € CIOXHA 3ajada. Td HaMmupa MPUIOKEHHE B
MHOXKECTBO 00JIACTM B KOWUTO TIO HACTOSIIE YCHJIEHO ce paboTu. 3a Ch3IaBaHETO Ha
MPOTHO3UpAIIH COPTYEPHH CUCTEMU CE€ M3UCKBAT MHOXKECTBO 3HaHUS U yMeHus. BaxHocTTa
Ha 3aJIJaYMTe 3a MPOrHO3UPAHE € TOJIKOBA TOJIsiMa, Y€ T€ HaMUpaT MPUII0KEHUE B IOYTH BCSIKa
chepa OT YOBEIIKUS KUBOT (TEMIlepaTypa, BajeKH, EHEpruiiHu 3anacu u Apyru). [logpoden
0030p 3a U3MOJI3BAHETO Ha U3KYCTBEHH HEBPOHHHU MPEXH, TEHETUYHU aJTOPUTMH U Pa3MUTa
JIOTUKA 3a KanmuTajoBuTe mazapu € npeacraBeH B [SMSK2001]. O630pbT € ChIPOBOJIEH C
KpaTKo TpeJcTaBiHe Ha TpuTe Metona. Kiacudukanus Ha pa3iudyHd METOAM 3a
NMPOTHO3UpPAHE Ha eJNeKTPUUecKoTo ImoTpedienue e mnpeacrtaeHo B [HAMN2002]
[JVGM2002]. ABropuTe pa3miexgaT T€HETUYHH AJITOPUTMU M HM3KYCTBEHU HEBPOHHHU
Mpexkn. O030p 3a U3MOI3BAHETO HA U3KYCTBEHH HEBPOHHHU MPEXKH, TCHETHYHU JITOPUTMU H
pa3MHTa JOrMKa B 00JJACTTa HAa KallMTAJIOBUTE Ma3apy C KPaTKO MPECTABIHE HA METOIUTE €
noctbiieH B [ARSH2003]. O0630p 3a M3MOI3BaHUTE AJTOPUTMU B HKOHOMHKATA CBHIIO €
npeactaeH u B [EUVO2005]. HampaBeHo € mnpeacrtaBsiHe Ha Bb3MOXHOCTUTE 3a
IPOTrHO3UpPaHEe C M3KYCTBEHM HEBPOHHU MPEXKU W TeHeThuuHu aiaroputmu. [Ipm ob3opa Ha
WHCTPYMEHTUTE 3a MPOTHO3UPAHE HA BPEMEBU PEAOBE C MU3KYCTBEHH HEBPOHHU MPEXKHU U
CBOJIIOIIMOHHU AJITOPUTMH € ChHIIECTBEH acCleKThT 3a W3IMOJI3BAHETO Ha ChIIECTBYBAIU
codryepHu pemenusi omucano B [RSQZ2006] u HamuumeTo Ha cOPTyepeH MakeTH, KaKTo
onucanusita B [CDTY2006] (maker cb3gaaeH Ha mporpamuusa e3uk C, 3a omepaiMmoHHa
cucrema Mac OS X wu cien ToBa € mpepabOTeH 3a omepainroHHa cuctemMa Microsoft
Windows). 3agbii6oueH 0030p Ha METOIUTE 3a ChCTaBSHE HA MHBECTULMOHEH MOPTHENT u
HAUMHUTE MO KOUTO M3KYCTBEHU HEBPOHHMU MPEXKHU WJIM F€HETUYHU aJTOPUTMH MOrar Jia ce
MoJI3BaT MpU Ta3M 3agada € npeacraeH B [MVDL2008]. OG30p Ha BUAOBETE U3KYCTBEHU
HEeBpOHHHU MpexHu ce npemyara B [ YAHU2009]. Ceuro Taka ce npenjarar Ha4MHU 3a TAXHOTO
npuwioxkenue B 3emenenuero. B [MSMJ2009] ce npemiara 0630p Ha BUIOBETE M3KYCTBEHH
HEBPOHHU MPEXHU U MPUIOKEHUETO UM B T€OTEXHUUYECKOTO MHKeHepcTBO. CrioMeHaBar ce

MIPAKTUYECKA HACOKU 3a M300p Ha pa3Mep B CKpUTHS ciiod (mpumepHo 75% oT pa3mepa Ha
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BXOJHUSA cJioi). [[pyraTta npenopbka € pa3MepbT Ha CKPUTHUSA CJION J1a ObJie MEXKTYy CPETHOTO
U cymaTa OT pa3Mepa Ha BXOJIHMS M M3XOJIHMs cioil. ClioMeHaBa C€ U CTpATErusl B KOSTO
IIPOTPECUBHO CE 3alo4Ba OT MaJIbK OpOi €JIeMEHTH B CKPUTHS CJION M ce yBeaudaBa OposT
JIOKaTo HsIMa MOAOOpEHHE B MapaMeTpUTe 3a OOy4YeHHE Ha M3KYCTBEHH HEBPOHHU MPEKHU.
[IpenopbkuTe CHINO ca OPOSAT HA TPCHUPOBBUHHUTE IIPUMEPH JIPACTHYHO J1a HAIXBBPIIS Opost
Ha enemeHTUTe B ckpuTHs cioil. B [MAWE2010] e u3nokeH H3KIIOYUTETHO MOAPOOEH
0030p Ha €BPUCTUYHUTE ONTUMH3ALMOHHU anropuTMu. OnucBa ce mapajieliHa peannu3aius
Ha JaudepeHImagHa eBOJIOIUS C IIEHTpajeH Bb3ed. l[eHTpamHuaT BB3eT CHHXPOHU3UPA
MUTpaIUATa MKy OCTaHAIUTE Bb3JIU. TOMONOrUATa € KPhroBa U MUTPAHTUTE MPEMUHABAT
CaMo B ITOCOKa KbM CJEABAIIUS MPSK Chcell. BCUUKO TOBa c€ CHHXPOHU3HUPA OT LIEHTPATHUS
BBb3ei. Ha mpakTuka TakaBa TONOJIOTUSITA C€ MpEeBpbIIA B 3Be3a0BUAHA. B [JMAM2012] ce
u3nara o030p Ha myn Oa3upaHUTE CBOJIOIMOHHW QITOPUTMH 3a peanu3alusira Ha

PasmIupACMH U ACHMHXPOHHH U3YHUCICHUA B Pa3lIpCaAcicHa Cpcaa.

AHanus, npobnemu, yenu u 3adavu

B pesynrar Ha HampaBenus o030p morar na ce dhopmynupar rpyna npobiaemu. Tesu
npobaemMu ¢ agpecupaHu noja Gopmara Ha Leau B AUcepTalMoHHUA Tpyd. CamuTte Lenu ce
pa3buBar Ha 3a7a4yM. Pemenrero Ha 3a1aunTe BOAM JI0 MOCTUTaHE HA MOCTABEHUTE IIEITH.

OCHOBEH HEAOCTaThK Ha paslielaHuTe peuleHus 3a OO0ydeHHEe Ha W3KYCTBEHU
HEBPOHHU MPEXKH C CBOJIOIMOHHM alropuTMu € (akThT, Y€ TOYTH HE Ce€ Cpemar
peanu3alid Ha WBJIHO-CBbP3aHM HM3KYCTBEHHM HEBPOHHU MpeXH. BTOpUAT OCHOBEH
HEJIOCTAaThK Ha pa3liielaHuTe ChUICCTBYBAIM PELICHHUS €, Y€ MACOBO M3KYCTBEHH HEBPOHHU
MpEXH C€ M3MOJI3BAT Ha JiBe (a3u - o0yueHue U eKcIuioaTanus. 3a npoOieMuTe Mo jIeKallu
Ha ONMCBAaHE C BPEMEBH PEJIOBE € XapaKTepHO, Y€ C HaIlpe/lBaHE Ha BPEMETO BPEMEBHUS PEJ
HAapacTBa U € ChBCEM €CTECTBEHO M3KYCTBEHHM HEBPOHHH MpPEXH Ja ObAe mpeobydyaBaHU 3a
HOBOIOCTBIWJIaTa MHpopMmarus. M3mon3BaHeTo Ha TOYHU YHUCICHH METOnU (Karto Hai-
HOMYJSPHUIT OOpaTHO pas3lpOCTpaHEHHE Ha Tpelikara) € e€(pEeKTUBHO, HO OTHOCHTEIHO

HEMPUJIO)KUMO IIPU M3KYCTBEHM HEBPOHHM MpPEKH C IBIHO-CBBpP3aHa Tomnoyiorus. B
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JUTEepaTypaTa ca MPeJACTaBeHH MHOKECTBO XHOPHUIHU MOJETH 3a O0ydYeHHE Ha W3KYCTBCHH
HEBPOHHU MpPEXH C TOYHM YHUCJICHH METOIM B KOMOMHAIUMS C METOIW 3a E€BPHUCTHYHA
onTUMHU3AIK. TpeTH, Makap W BTOPOCTENEHEH MpoOJieM, € MPaBUIHOTO H30HMpaHe Ha
MOIXONAIIA TOYHH W CBPUCTHYHH METOIW 3a HW3BBPIIBAHETO HA XHOpUIHO oOydeHme. B
IpOy4YeHUTE MH(POPMAIIMOHHN U3TOYHMIIN Ce 3a0elsa3Ba OTHOCUTEIHO CcJIabo 3acThIIBaHE HA
BB3MOXKHOCTHTE W3KyCTBEHH HEBPOHHH MpEXH Ja ce o0ydaBaT B YCIOBHUATa Ha
pasmnpejeneHa cpefa, Taka Y€ MakCHUMAaJIHO Jla C€ MOJI3BaT Bh3MOXKHOCTUTE 3a MapajeinHa
peanuzaiys Ha ONTUMHU3AIMOHHUTE aJTOPUTMHU OT I'pyIara Ha €BOJIOIMOHHUTE aJrOPUTMU
Y TIOMYJIAIIMOHHUTE aJTOPUTMHU.

[Tpu THproBusta ¢ GUHAHCOBU MHCTPYMEHTH Ca BAXKHU TPU OCHOBHHU MapameTbpa: 1.
B kos mocoka mie ce npomeHu I1ieHaTa (IMOBUINCHUE WM HamalieHue); 2. Komko Bpeme 1ie
IPOABJIKU TOBAa HapacTBaHe Wi HamamsBaHe; 3. KakbB ma Obae 00eMbT Ha JabJraTa Wiu
KbcaTa MopbhUKa. Thil KATO THPrOBUATA HOCHU CBOUTE PUCKOBE MOCPETHUIINTE/OPOKEpUTE Ce
Hajiara Jia mpaBsT e)KETHCBHU aHAJIN3M Ha CBETOBHATA MKOHOMHUYECKa 00CTaHOBKa. B oOmms
Cly4yail Ha OTTOBOPHO YIIPABJICHHE T€ WHBECTHUPAT CPEACTBA HA CBOM KIHUEHTH ((U3UYECKHU
win ropuauuecku juna). [Ipu mogdupaHeTo Ha MHCTPYMEHTH B KOWTO Jia CE€ peau3upar
WHBECTHUIIMHUTE TIOCPEIHUIIUTE HAW-MHOTO C€ WHTEpPECyBaT OT ITOCOKara B KOSATO IIE Ce
IPOMEHHU IieHaTa. ThpryBalliTe Ha TIOOATHHS IMa3ap yCJIOBHO CE pasleisaT Ha JABE TPyId
»MEUKH | ,,0MKoBe“. J[BeTe Ipynu THPryBallld ca B MOCTOSHHO MPOTHUBOIIOCTABSHE U IO
TO3W HAa4YWH BIMSAT Ha IMa3apa, Taka Y€ TOW Ja TIOBWINABA IICHUTE CH WJIU Jla HaMallsBa
IIEHUTE CU. BTOPUAT CHIIIECTBEH MapaMeThp € KOJIKO JBJITO 1€ MPOABIHKH €IHO TTOBUIIICHHE
WM HaMalIsiBaHe Ha reHara. Clie KaTo MOCPEIHUKBT € OTBOPUII CBOSITA TIO3UITUS M YCIICTITHO
¢ TIPEBUINIT MIOCOKATa Ha TPOMSHA CTaBa aKTyaJeH BBIIPOCHT KOJIKO JBJITO Ta3W TO3UITUS Ja
Ob1e oTBopeHa. OTroBOpPBT Ha TO3U BBIIPOC € MPSKO CBBP3aH C pa3Mepa Ha medayndara. Ako
MO3UIMATa ObJIe 3aTBOpPEHA TBBPJAE paHO, TO TS IIE MMa Hepealu3upaHa medanda. AKo
no3uiuaATa Ob/Ie 3aTBOPEHA TBHPJIC KbCHO € Bb3MOXKHO aKyMyJIMpaHa reJanda Jja ce HaMalu.
Hait-onTumManHUAT MOMEHT 3a 3aTBapsiHe Ha €Ha OTBOPEHA IO3UIIUS € KOraTo JBHKCHHETO
HAa T[eHaTa OT BB3XOAIIO0 CTAHEe HU3XOAIIO WIIH 00paTHOTO. [locnenuust, TpeTn napameTsp,

€ CBbP3aH C pa3Mepa Ha moemaHus puck. CTpeMexbT Ha BCEKU THPryBalll € Ja MHBECTUpPA
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KOJIKOTO C€ MOXKE IO-TOJisIMa 4YacT OT aKTHUBUTE B IMEUYEIMBINM MO3UIMU. ToBa KOETO
orpaHu4aBa MOCPEIHUIIUTE J1a MHBECTUPAT BCUYKO B €AMH KOHKPETEH WHCTPYMEHT M €/IHA
KOHKPETHA IMO3UIUS € PUCKBT JIa HE Pa3Mo3HaAT MPABUITHO IMOCOKATa B KOSITO 1€ C€ TPOMEHHU
I[eHaTa ¥ MPOIBDKATEITHOCTTA HA ChOTBETHOTO YBEIIMUEHUE WIIH HAMAJICHUE.

Ako OBAe HampaBeHO MOTPEIIHO peHIeHWEe 3a HHBecTHpaHe (MOCoKa,
MPOIBIKUTEIIHOCT, 00€M) MOraT Jia OCJIe/IBaT 3HAUUTEIIHU 3aryOu 3a ChOTBETHATA MO3UIIUS.
[IpobnemuTe ca CBbp3aHM C MPOTHO3UpPAHE Ha IOCOKaTa M MPOABIKUTEIHOCTTa B
poMsiHATa Ha IEHUTE.

[lenuTe HA MUCEPTAIIMOHHUS TPYH ca Kakto ciensa: 1. Jla ce peanusupar moaenu Ha
I'BJIHO-CBBP3aHU M3KYCTBEHW HEBPOHHU Mpexu; 2. Jla ce peamusupar anropuTMu 3a
HEeINpeKbCHATO O0y4YeHHe, JIOPU B Mpolieca Ha EKCIIoaralus Ha W3KYCTBEHHUTE HEBPOHHU
mpexu; 3. Jla ce peanusupa xuOpujaHa KOMOWHAIUS OT MPEICTaBEHUTE B JUTEpaTypara
TOYHU W €BPUCTUYHU AJTOPUTMU 3a 0OyueHHEe Ha M3KYCTBEHHM HEBpOHHH Mpexu; 4. Jla ce
peanu3upa mporpamMHa cucrtema (KJIHUEHT-ChPBbD MPHUIIOKEHHE) padoTela B cpela 3a
pasnpeesIeH U3UUCIICHHUS.

3a mocTUraHeTo Ha Halens3aHuTe Lenu ca GopMmynupaHu cepus 3aaadu. OCHOBHA
3ajla4a MO JHUCEPTAMOHHUS TPYyJ € pealu3anuara Ha MOJEN 3a W3KYCTBEHH HEBPOHHU
Mpexu, on popmara Ha C++ u JavaScript, KaTo ITbIHO-CBBpP3aHa TOMOJIOTHA. Ta3u 3a7ada
Ce ChCTOM OT JBE MOJ3aJaud - pean3alis Ha KIMEHTCKO IMPWIOKEHHWE W peaau3amus Ha
CBPBBp TPWIOKEHHE. BTOopa MO BaXXHOCT € 3ajadara 3a HEMPEeKbCHATO OOydeHWe Ha
MIPEIJIOKEHUS TBJTHO-CBBP3aH MOJIEN Ha U3KYCTBEHH HEBPOHHH Mpexku. OOydeHnero TpsoBa
Jla TpoTHYa B HEMPEKbCHAT 24/7 IIUKBI, KaTo 3a Ta3u 1e] TPsAOBa Ja ca HAIMYHU MOAXOSAIIN
AJITOPUTMHU 32 HEMPEKbCHATO pa3mpeleNisHE Ha 3aJauyd OT ChPBbPA KbM KIUEHTCKUTE
MPUJIOKEHUS U HEPEKhCHATO 00y4YeHHE Ha JIOKAJTHUTE KOIUSI HAa M3KYCTBEHUTE HEBPOHHU
MpEXH, KOUTO KIMEHTCKUTE MAaIIMHU TOAIbpKaT. Tpera mo BaXXHOCT € 3ajadara 3a
MOJXONAII0 KOMOMHHMpaHE Ha aJTOPUTMHM KaTO TEHETUYHU aJITOPUTMHU U JAU(EpeHIHaIHA
€BOJIIOIMSI C aJTOPUTMH, Karo oOOpaTHO pa3NpoCTpaHEHHWE Ha Tpelikara, Taka 4e
BPEMETPACHETO HAa OOYYEHHETO HAa HM3KYCTBEHHM HEBPOHHHM MpPEXHU Ja ObJie HamaleHo.

quB’BpTaTa II0 BAXKHOCT 3aaa4da € CBbp3aHa C TCXHHYCCKATa pcain3alud Ha CHUCTCMATa U
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IMPOBCKIAHCTO Ha HCO6XO)II/IMI/IT€ CKCIICPUMCHTHU 3a IIOTBBPIKAABAHC Ha e(l)eKTI/IBHOCTTa C

KOSATO TSI paOOTH.

MmaBa 2 - Mogen 3a NporHo3mpaHe Ha BpeMeBU penoBe C U3KYCTBEHN HEBPOHHM

MpeXxun, obyyaBaHU C €BONTKOLUMNOHHU anropuTmm

HacrosimoTo u3noxenune mpeacTaBs MOAEN 3a MPOTHO3WPAHE HAa BPEMEBH PENOBE,
0a3upaH Ha W3KyCTBCHH HEBPOHHU MpPEXH, OOy4aBaHH C aJIrOPUTHM 3a audepeHImaina
eBOJIIONMS, B pasmpenesieHa cpena. CIOKHOCTTa HA 3ajadaTa 3a MPOTHO3UpPAaHE Ha BPEMEBU
penoBe HM3UCKBa pa3pabOTBAHETO HA MO-OBP30 JEHCTBAIM AJITOPUTMH, KOUTO BOJIST IO
NPOTHO3M C TMO-TOJIsIMAa TOYHOCT. B OCHOBara Ha W3KyCTBEHHTE HEBPOHHH MpPEXH 3a
NPOrHO3MpaHe € 3aJ0KeHa ujaedra 3a oOydeHue, Ha 0a3a MOCIEeNOBaTeTHOCT OT JaHHU 32
u3MuHaN niepuon. M360pbT Ha oOydaBai anrOpuTbM MOXKE Ja Oblie HampaBeH OT JBE
OCHOBHM HAamlpaBJICHUS - TOYHH ONTHUMHU3AIMOHHU YHCICHH METOAM W CBPUCTUYHU
ONTHUMHU3aMOHHU MeTon. [Ipuiaranero Ha MOAXOASAIIM €BPUCTUYHH AJITOPUTMU MOXE Ja
JIOBEJIE IO M3TIOI3BAHETO UM B paslpelielicHa Cpella M 3HAYUTEITHO YCKOpsIBaHEe Ha Tpoleca
3a 00yuYeHHe.

[Tporno3upaHeTo Ha BpEMEBH pEOBE € 3a7a4ya, B KOATO MO 33/1aJICHU XPOHOJIOTHYHU
JIAaHHH, TPSIOBA Ja Ce HampaBy MMPOTHO3a 3a JaHHH B MPEIICTOSAI] TIepruosl oT BpemeTo. Koraro
CTaBa BBIIPOC 32 (PMHAHCOBU MHCTPYMEHTH ST OT HayKara, HapedeHa ,,likoHomeTpus”, ce
3aHMMaBa ¢ pa3paboTka Ha aNTOPUTMH, (PMHAHCOBU MHIWKATOPU M OCLUJIATOPH, C TIOMOIITA
Ha KOWTO Ja ce aHanm3upar qaHaute. Ch3maaBaHeTo Ha €()eKTUBHU M HAICKIHHU CPEACTBA 32
(¢uHAHCOBO MPOTHO3MpAHE € TPYAOEMKa M CIOXHa 3aaava. [lopaam Ta3m mpuymHA MHOTO
aKkTyajgHa € objactra 3a pa3paboTka Ha CaMOOPTaHHW3UPAIIN C€ WKW caMooOydyaBallud ce
CHUCTEMH 3a MMPOTHO3UPAHE.

[TpunokeHreTo Ha W3KYCTBEHH HEBPOHHH MPEXKH IMPHU MPOTHO3UPAHETO HA BPEMEBU
penoBe B MKOHOMHKATAa C€ pasliekja OT Pa3IMuyHU aBTOPH, HSKOM OT KOMTO ca Dunis
[DUWI2002], Giles [GILA2001] u Moody [MOOD1995]. Karo ocHoBeH Momen ce

n3noj3Bar taka HapeueHute Feed Forward Neural Networks (Bmx Haykin [HAYK1999)).
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Mpexute oT Tunn FFNN ca MHOTO €(peKTUBHU, HO CTpaJiaT OT OCHOBEH HEJIO0CTAaThK, CBbpP3aH
C JIWIcara Ha KPaTKOBpEMEHHA mamMeT. M304rBaHeTo Ha TO3W MPOOJEM Ce OCHIIECTBIBA C
U3MOJI3BaHeTO Ha Taka HapeueHuTe Recurrent Neural Networks. OcHoBHaTa TpynHOCT npu
RNN wuaBa oT HEBB3MOXKHOCTTA 32 TAXHOTO OOydYeHHE Ja C€ M3MOJI3BaT TOYHHU TPATUCHTHU
metoqu (Bmwk Werbos [WERB1990]). KomOunupan moaxon 3a oOydeHHE Ha HM3KyCTBEHU
HEBPOHHM MpPEXKH C TOMOIITAa Ha €BOJIOLMOHHUA AJITOPUTMU € TMPEIJIOKEH OT Yao
[YAOX1999] u npyru aBropu. EBONIONMOHHUTE aJITOPUTMHU JaBaT 3HAYUTENHO MO-A00pHU
pe3yaTaru 3a ThPCEHE HAa ONTUMYMH B CJIIO)KHM MHOTOMEpPHM IPOCTPAHCTBA C HAIMYMUE HA

MHOXCCTBO JIOKAJIHH OIITUMYMH, B KOUTO I'PaAUCHTHUTC MCTOAN HC AaBatT I[O6pI/I pe3yiaTaru

(Bmx Holland [HOLL1975]).

ﬂpednomeHa cucmemMa 3a npoc2Ho3upaHe

B nucepranvOHHMS Tpyd € NPENJIOKEHO 3a LEJIWTE Ha NPOTHO3MPAHETO Ja Ce
U3IMOJI3Ba MaTreMaTU4YecKu Mojen Oa3upaH Ha W3KYCTBEHHM HEBPOHHU MPEXKH, UYHUETO
oOyueHue ce u3BbpIIBa ¢ OudepeHlranHa eBolonus, noa ¢opMara Ha HM3YHMCICHUS B
pasnpeneneHa cpeaa. Tomonorusta Ha W3KYCTBEHHTE HEBPOHHM MPEXKH IPEICTaBIIsABA
M3CIIE0BATEIICKA MHTEPEC U 3a TOBa B co(TyepHaTa CUCTEMA TOIOJIOTHITA CE€ OINpPEAes OT
omeparop Ha OTAaJIeUeHUs CbpBLP. JomycTumMute BuaoBe Tonosnoruu ca: 1) MHorocionnu;
2) Muorocnoiinu ¢ obparHa Bpb3ka; 3) [IsaHO-cBBp3anu. [Ipennoxenust moaen e 6a3upan
Ha KJacu4ecka Mpexka, KaKBUTO C€ U3IOJI3BAaT B MOJEIUTE C 0OpaTHO pa3NpoCTpaHEHUE Ha

rpemkara. Kato cymupama (GyHKIMS € IPUETO Ja ce U3M0JI3Ba JIMHEWHA (DyHKIIHSL.

E R E -0 H O
[
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MyTayua (AE)
Oerita (MHM) Kavient
Cenexuyn (1)
/ Knierr-Crpetp
MHM-LE ABHHI 32 PRI
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@Due. 2.1 Cucmema 3a obyyenue na MHM c /IE, 6 pasnpedenena cpeda (1460) u oomen nHa 3a0ayu 8 cucmema 3a UPC (0sacHo).
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OOyueHrneTo Ha M3KYCTBEHM HEBPOHHM MPEXH CE€ OCBIIECTBSIBa C TOMOIITAa Ha
mudepeHImaiHa eBooua. B paMkuTe Ha anropurbMa AuQEpeHIMaiHa €BOIOIMS BCIKa
XpoMO30Ma TMPEACTaBs €IUH KOMIUIEKT Terjia 3a KOHKPETHA TOMOJIOTHS W3KyCTBEHU
HEBPOHHU MpEXKHU, KbM KOSATO CE€ OTHAcAT ompejaesneH Opod oOydaBallld MPUMEPH.
[TocnenoBaTenHo, OTAETHUTE XPOMO30MH (KOMIUIEKTH TEINa) C€ 3apexkaar B CTPyKTypaTa Ha
U3KYCTBEHATa HEBPOHHA MpeXka, CJe/l KOETO Ce MoaaBar o0yyaBalluTe MPUMEPH, U3UUCIIABA
ce rpelkara, KoATo U3KyCTBEHaTa HEBPOHHA MpeXka JIOIyCKa 3a BCEKU MPUMEpP, CyMHUPAT CE
I'PEUIKUTE OT OTAETHUTE MPUMEPH U ce ompefens KoedUIMEHT 3a KU3HECIOCOOHOCT Ha
XpoMo3oMara (KOMIUIEKT Teria). HauuHbT, mo KOWTO ce ompenens KoehUIHEHTHT Ha
KU3HECTIOCOOHOCT, € €IUH OT Hal-KJIIOYOBUTE MPOOJIEMH, OT KOUTO 3aBHCH YCIIEXHT Ha
ISJIOCTHOTO MporHo3upane. [Ipu BpemeBuTe penoBe € HeoOXoauMo 00ydaBalluTe MpuMepu
Jla ce ToJaBaT B XPOHOJOTMYHA MOCJEIOBATEIHOCT, KOETO Ch3/aBa 3aTPyJHCHUS MpHU
U3KYCTBEHH HEBPOHHU MPEXH, 00ydyaBaHU C aJTOPUTHM 3a OOpaTHO pa3mpoCTpaHEHHE Ha
rpemkara. CpI1o Taka, OT/aJ€YeHUTE BB BPEMETO OOydaBalld MPUMEpPU € HEOOXOAUMO J1a
OKa3BaT MMO-MaJKO BIMUSAHHE IPU (OPMUPAHETO HA KOe(ULHUEHTA 32 )Ku3HecnocoOHocT. Cren
KaTo OBbJAaT OLIEHEHW OTICIHUTE XPOMO3OMHU T€ BIM3aT B M3YHMCIWTEIHATa CXeMa Ha
nudepeHImaiHaTa €BOJIONUS KaTo HaJl TAX CE€ U3BBPIIBA CEJICKIUS, KPbCTOCBAHE U
MyTalHs.

[Ipu cucremute 3a H3YMUCICHUS B paslpesielieHa cpela ILEHTPATU3UpaH ChbPBBP
pasmpenens 3aJaHusl 3a U3YUCIeHUE Ha oTaanedeHu kommootpu (dur. 2.1 - crenka 1). B
HSKaKbB IEpPUOJ OT BPEME OTAAJIICYEHUTE KOMMIOTPU M3MbIHABAT 3amanueTo (Pur 2.1 -
cThIKa 2). 3amaHusiTa Morat aa ca oOpMEHU KaTo MakeTH 3a MPEeCMsITaHe B paMKUTE Ha
HSIKOJIKO MUHYTH, HO MOX€ Ja ca OoOpMEHU U B MAKETH 3a MPECMsITaHE B PaMKUTE Ha
ceamuna unu Mecel. [lepuoabT 3a IPOABIKUTEIHOCT HA MPECMATAHETO CUITHO 3aBHCH OT
€CTECTBOTO Ha M3UMCIIEHUATA, KOUTO TpsiOBa Ja ce u3BbpuIar. Ype3 moaxosuio peryaupaHe
Ha MepHoja 3a MPEeCMSITaHE MOXE Ja C€ NMOCTUTHE ONTHMAIHO HAaTOBApBAaHE HAa ChPBbpPA U
MakCHMallHa aKTyaJJHOCT Ha HWH(pOpMaluATa, KOSTO CHPBBPBT CBHXpaHsABA, C e
CUHXPOHU3UPAHE Ha pasnpeleieHus U3duciauTesneH mnpoiec. Korato KIMEHTHT MPUKIIOUU

M3UYMCIIEHUETO Ha BH3JI0KEHOTO 3aJjaHue, Bpbllla pe3ynrara Ha cbpBbpa (Dur. 2.1 - cThika
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3). TpuTe OCHOBHM CTBIIKM B TO3U IPOLIEC CE€ MOBTAPAT, JOKATO MMa paldoTell ChpBbp U
KJIMEHTCKHU KOMITIOTPH, 3aKaYEHU 3a HETO.

[Tpu mapanenHusi BapuaHT HA aIrOpUThMa 3a AUQPEPEHIIMAIHA €BOJIIOIMS CE€ Ch3aBaT
JOKaJTHU KOMHsA HAa HM3KyCTBEHATa HEBPOHHA Mpeka M Ha Au(epeHIraTHaTa EBOJIOIHS
[BAZA2010]. OOGyuyeHueTo mnpoTruya JOKAIHO, KaTO BCSKa XpOMO30Ma B TIOIMyJalUsTa
0003Ha4YaBa OT/AEJIHA TOYKa (MHAWBU]) B MPOCTPAHCTBOTO HA ThpceHE. Makap W pa3iinyHu,
UHAUBUIUTE CE€ TPYyNUPAT OTHOCUTEIHO OJM3KO €IWH 0 JIPYr B TOBA MPOCTpaHcTBO. IIpu
paszziensiHe Ha W3YUCICHUATA BBPXY MHOKECTBO H3YUCIUTENHU MAIIUHU, MOJ00HO
rpynupaHe Ha MHIUBUIM MOXE Ja JOBEJE J0 JIOKAJTHO U3CIeABaHE HA Pa3IMYHU 00JacTH OT
IPOCTPAHCTBOTO Ha pemieHusTa (mpoctpanctBoTo Ha Thpcene) [BATO2011]. B to3u acmekr
Hal-ChIIIECTBEHA € MOJHUTHKATa 3a CHHXPOHU3MpaAHE, KaTo Mpolieca Ha CHUHXPOHHU3UpPAHE
BKJIOYBAa H3IBUYBAHETO Ha HaAW-A00pUTE HHAMBUAM U CHOUPAHETO UM Ha €IHO
HEHTPATU3UPAHO MACTO (MPU KIMEHT-CHPBBP apXUTEKTypa). ToBa MHOXKECTBO Ha TIIOOAITHO
Hall-yCTOMYMBUTE MHIUBUIIM MOXKE Ja C€ M3MO0J3Ba P Ch3JaBAHETO Ha CJEIBAILIHU JIOKATHU
apeasii. OCBEH KIIMEHT-CHPBbp apXUTEKTypa € Bb3MOXKHO J1a C€ peanu3upa peer-to-peer
pelieHre, Mpu KOETO OTChCTBA LEHTPAIM3UpaH ChPBBpP, @ BCSIKO JIOKAIHO paboTemo
NPWIOKEHUE C€ TPWKU 33 KOMYHHUKAIUATA C JAPYTd JIOKAJIHO palOoTellyd HPUIOKEHHUS.
OCHOBHO TMpPEAMMCTBO Ha MPENJIOKEHATa KIMEHT-ChbPBbD CHUCTEMa 3a HW3YHCICHUS B
pasmpejieieHa cpeia € HeWHara HW3KIIOYUTEIHO BHCOKAa CTEMEH Ha CKaJIUPYEeMOCT
(M3KJIFOUUTENIHO YJECHEHO BKJIIOYBAHE HAa JOMBJIHUTEIHU KOMIIOTHPHH CHUCTEMHU B
cucTtemara 3a pasnpesaenenu uzuucieHus) [BAZA2011]. YecroraTta Ha KOMyHUKAIIAS MEXTY
KJIIMEHTUTE U ChPBbpAa MOXKE Jla CE€ pEeryiupa MpPeuu3HO, KaTo 3a MHTEpPBAJIM MOXKE Ja ce
NoJI3BaT 4YacoBe, ceaMuua W Aopu Meceuu. [lpm Hammume Ha rojasiM Opoil KIIMEHTH,
HAaTOBAapBAaHETO HAa CBHPBbPAa MOXE Jla CE€ KOMIIGHCHpa C HaMajsiBaHE uecToTara Ha
KOMYHHKAIIHS C KJIIUEHTUTE.

[IbpBOTO MPEAMMCTBO HA MPEMIOKEHHS MOZAENI C€ CBhCTOM B H3MOI3BAHETO Ha
mudepeHImaiiHa eBOIoNUs 3a 00YYEHUETO Ha U3KYCTBEHH HEBPOHHU MPEXH, KaTo MO TO3U
HauMH ce u30sra omacHoctra oT npeoOyuyenue [BATO2015]. Broporo mnpeaumcTBo €

BB3MOXKHOCTTA, 4pe3 I[I/I(I)epeHHI/IaJIHa CBOJIIONMA, JAa CC 06yanaT HN3KYyCTBCHH HCBPOHHHU
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MpEXH C OOpaTHH BPB3KU. TPEeTOTO MPEAUMCTBO € Bb3MOXXHOCTTA, 4pe3 Au(epeHInaIHa
eBOJIIOLMS, /1a ce 00yyaBaT M3KYCTBEHU HEBPOHHHU MpPEXH, O0€3 J1a € OT 3HaU€HUEe PEbT IO
KOMTO ce moaaBar oOydaBamiure nmpuMepu. YeTBbPTOTO MPEIUMCTBO € Bb3MOXKHOCTTA J1a C€
oOyuaBar pa3/IMyHU KOIUS HAa M3KyCTBEHW HEBPOHHHU MPEXH W TOBA J1a CTaBa MapajieiHo,
BOJIEIIO 0 1MO100psiBaHE HA OBP30JCHCTBUETO U MO-J00PO MOKPUTHE HA MPOCTPAHCTBOTO 32
TbpceHe. [Ipu eBeHTyaldHHM 3JI0HAMEPEHHM KJIMEHTH, KOUTO H3IpallaT HEKOPEKTHa
nH(opMalus KbM ChpBbpa (KOMIUIEKTH TETJIa), TO Ta3u MHGOpMAaIUs MOXE Ja ce MPOBEepHU
aecHo. Ot apyra cTpaHa, HEeKOpeKTHaTa UHGOopMalus, oJydYeHa OT 3I0OHAMEPEHH KIIMEHTH,
MOJKE Jla c€ M3IOJI3Ba B HEMOJIpaBeH BHJ 3a oOoraTsBaHe IreHeTHYHUsS (OHJ Ha ChPBbHpA.
PeanHo, 3moHamMepeHUTEe KIMEHTH HE MPEACTaBIsABAT MPOOJIEM 3a TMPEAsIoKEHHs] MOJEl,
JIOpHY aKO HE C€ B3eMaT CIeIHaIHU MEpKH 3a Oopba ¢ TX.

OcBeH mnpeauMcTBa MNPEAT0KEHUAT MOJAEI HMa W CIEIHUTE HEAOCTAaThLM:
W3non3BaHeTo Ha W3KYCTBEHHM HEBPOHHHM MPEXKHU € CBbp3aHO ¢ 0aBHO oOyueHue. Makap u
MHOTO €(EeKTUBHHU, W3KyCTBEHHTEC HEBPOHHU MpPEXKH H3UCKBAT TOJEMHU KOJIHYECTBA
U3YUCIUTEIHN pECypCU, OCHOBHO BBB (azara Ha oOydeHue. HM3mon3zBaHeTo Ha
mudepeHMaiHa eBOMIONMS 3HAYUTENIHO 3a0aBs mporeca Ha OOydYeHHe, B CpaBHEHHUE C
aJIropuThMa 3a 0OPATHO Pa3NPOCTPAHEHUE HA TPELIKaTa, HO MOPaJAl MHOXKECTBOTO U30POCHU
npeauMCcTBa IudepeHIaiia eBOOLUS € MPEeoYUTaH npe 00paTHO pa3lpoCcTpaHEHHE Ha
rpeuikata. atepecen 6u O6umi1 Mozen B KOWTO nudepeHnnaiia eBONIoNus e KOMOMHUpA ¢
00paTHO pa3MpOCTPAHEHHE Ha IpeIlKara, Makap M TOBa J1a HE MOXE Ja C€ MOCTUrHEe Oe3
HSKaKbB KOMIIPOMHUC IO OTHOILIEHHE TOIOJIOTUATa Ha W3KYCTBEHUTE HEBPOHHU MPEXH.
Pa3paboTrBaHeTo Ha HporpaMH 3a HM3YHMCIECHHUS B pas3lpelesieHa cpela € IMO-CI0XKHO OT

IMUCAHCTO HAa CTPOTO MOCIICAOBATCIIHU WJIN ITAPAJICIITHU ITPOrpamMu.

laBa 3 - CodTyepHa cuctema 3a nporHo3vpaHe Ha BpeMeBU peaoBe C

N3KYCTBEHU HEBPOHHU MPEXUN N eBOJTIOLIMOHHWU aNroOpuTMmn

OcHoBeH (hakTOp TpW MpaKTUYECKaTa peaau3anus € HaJUYHeTO Ha TMOAXOISIIN

CKCIICPUMCHTAJIHHU OdHHMH. Pa3Butuero Ha (bl/IHaHCOBI/ITe ma3apu, Ipe3 IMMOCICAHUTC [BC
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NECETUJIETUs, JaBa H3KIIOYUTENHO J00bp HM300p OT BPEMEBO 3aBUMCHMMa HH(pOpMalHA.
Ilenara Ha HaIMOHAJIHUTE BallyTH C€ OMOBECTABa Ha Taka HapedeHus foreign exchange
market (FOREX). TwpryBaHeTo Ha BaJdyTHUTE IMa3apd H3KIIOYUTEIHO C€ YJIECHSBA C
YCIIyTUTE, KOUTO MpeiaraT HHBECTULMOHHUTE ocpeaHuin. Camara ThproBus c€ U3BbPILIBA
C TIOMOIITA Ha THPTOBCKHU cOPTyep HapeueH ThProBcku TepMunai. 3a M3rouna EBpona Haii-
pasnpocTpaHeHara ThproBcka miatdpopma e MetaTrader 4, mpousBenena ot ¢upmara
MetaQuotes Software Corp. [MTMQ2015].

B mnardpopmara MetaTrader 4 BamyTHara uHdopMalus € npeacTaBeHa mnoja gopmara
Ha BpEeMEBU pell, OHarlie[ieH rpad)uyHO C HUBA HAa OTBapsiHE, HUBA HAa 3aTBapsiHE, HUBA 32 Hali-
BHCOKa JOCTUTHATa 1IeHa U HUBA Ha Hail-HHMcKa nocturHara neHa (dur. 3.1). [sanara ta3u
uH(popMaIlMs € TPOrpaMHO JOCThIIHA CbC cpeAcTBara Ha BrpajeHuss B MetaTrader 4
nporpamen e3uk, HapedeH MQL4. TwproBckust Tepmunan Ha MetaTrader 4 naBa
BB3MOXKHOCT 3a BU3yaJlu3UpaHe Ha MHPOpMALMITa OT BPEMEBHS pell Ha HAKOJIKO Pa3INyHHU,
paBHU O ABJDKMHA, BPEMEBM HHTEpBajia, Karo ciensa: M1 - Bceku Oap oTpassBa eaHa
MUHYyTa, M5 - Bceku Oap oTpassBa mer MUHYTH, M15 - Bceku Oap oTpa3sBa MeTHaaeceT
MuHyTH, M30 - Bceku Oap oTpassiBa Tpujecer MuHyTH, H1 - Bceku Gap oTpassiBa euH yac,
H4 - Bceku Oap oTpazsaBa yetupu yaca, D1 - Bcexu Oap orpassiBa eaus aeH, W1 - Bceku 0ap
oTpaszsBa enHa ceaqmuiia, MN - Bceku Oap orpaszsBa enuH mecel. OT JsiBo, Ha BCEKH Oap
(®ur. 3.1) npuchcTBa XOPU30HTATIHA YEPTa, KOATO CUMBOJIU3UPA HUBOTO MPU KOETO OApPBT €
oun orBopeH. OT JSCHO Ha BCEKU Oap MMa BTOpa XOPU3OHTAIIHA YEPTa, KOSITO CHMBOJIM3HPA
HUBOTO Ha KOETO € Omy 3arBopeH. JlomHuAT Kpail Ha Bceku Oap moka3Ba Hall-HUCKOTO HUBO,
NOCTUTHATO B PAMKHUTE Ha BPEMEBHUS MHTEPBAJ, 32 KOUTO ce OTHAcs O0apbT. [OpHUAT Kpaii Ha
BCEKHM 0ap MoKa3Ba Hali-BUCOKOTO HUBO, IOCTUTHATO B PAMKUTE HAa BPEMEBUS MHTEPBAJ, 3a

KOMTO ce oTHacs 0apsbT.
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@Due. 3.1 Komuposxu EUR/USD ¢ MetaTrader 4.

[TporpamuanTe cpenacta Ha MetaTrader 4, upe3 Brpagenus e3uk MQL4, mo3BossBar
KOTUPOBKHUTE 3a BCAKA BallyTHa JBOWKa Ja ObJaT MNpeAOCTaBEHU H3BBH PAMKHUTE Ha
TBProBCKUsA TepMUHal. M3BexxnaHero Ha HH(OpManusATa MOXKE Ja CTaHe IO HIKOJIKO
pa3IUYHU HaYMHA, KaTO HaW-ymaa4deH 3a JUCEPTAIMOHHUS TPYHA € 3aMUChT Ha MHPOpMAIHITA
B TekcToB (¢aiin. [Ipeau nndopmanusTa 3a Bceku 0ap ot rpadukara ¢ KOTUPOBKUTE Ja Objie
U3BE/IEHa OT TBHPrOBCKMs TepMuHan MHpopmauusTa ce Hopmanusupa. Ha rpadukara ce
ompesieNsi Hali-BUCOKOTO MOCTUTHATO HUBO, CJIEA TOBA HaW-HUCKOTO MOCTUTHATO HUBO H
CTOMHOCTUTE Ha BCeku Oap ce Hopmamuzupar B juamazoHa 0.0-1.0. Tasu crenka 3a
HOpMaJu3allysl Ce Hajlara, Thil KaTo U3MOJI3BaHaTa U3KyCTBEHA HEBPOHHA MpeXKa paboTH ChC
curHanu HopMmanu3upanu B auana3zoHa 0.0-1.0. Bropara mpuunHa 3a W3BBPIIBAHETO HA
HOpMaju3alMs € HaJM4YMeTO Ha MHOXECTBO BalyTHH JABOWKHM, KOUTO HMAT pa3IUYHU
HOMHHAJIHA cTOMHOCTH. [Ipumepno, otHomennero EUR/USD e ot mopsapka Ha 1.13510
(uapopmanusa kpM aara 20.10.2015), moxaro otrHomenuero USD/JPY e ot mopsmbka Ha
119.830 (undopmanus xkpm gara 20.10.2015). Cnen xato M3KycTBEHaTa HEBPOHHA Mpexa
MPEIJIOKU CBOSTA MPOTHO3a C€ M3BBHPIIBA OOpaTHATa onepalys 1o MamadbupaHe Ha U3X0/a,
CHpsIMO MUHUMAJIHATAa U MaKCUMaJIHaTa CTOMHOCT Ha rpadukara.

[To cBosita cpmuoct, MetaTrader 4 € TBProBCKM TEpPMHUHAI CBhC codTyepHa
apXUTEKTypa OT THUIl ,,KIMEHT-CbPBBP*. ThHpryBalluTe KIMEHTH (XOpa, HApEYEHU Ha
npo(ecuoHAIeH KaproH TpeWabp) MONy4yaBaT KOTUPOBKHUTE Ha BaJyTHHUTE JBOWKH OT
LHEHTpaJM3UpaH ChbPBbP, YIPaBIsiBAH OT WHBECTUIIMOHHUS MOCPEAHUK. Ta3um opraHuzanus
MO3BOJISIBA HAa KOMITIOTHPA, Ha BCEKH TPEUABp /1a C€ CTapTUpa AOMBIHUTEIEH MOIYN 3a

npecMmsATaHus (MOAYJ NPEAJIOKEH B JAUCEPTAlUOHHUA Tpyd), KOWTO Ja H3BbpIIBA
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U3YUCIEeHUSI 10 OOydYeHHMeTO Ha HM3KYCTBEHM HEBPOHHU Mpexu. lIpensioxeHusar
U3UHUCIUTENICH MOMYJN TMPEJACTaBisABa CTAaHAAPTCH W3MBIHUM (aiiin, KOWTO mMpoduTa
KoTUpoBKUTE, 3anucaHu or MQL4, B TekctoBuTe (aitnoBe. OOyueHHETO HAa KOHKpETHa
TOIIOJIOTHS] U3KyCTBEHH HEBPOHHU MPEKH, 32 KOHKPETHU KOTUPOBKH, Ha KOHKPETEH BPEMEBHU

HHTCPBAJI MOXKC 1da CC pa3NpCaACIIn MCKAY MHOKCCTBO KOMITIOTPH.

Pa3eoliHu cpedcmea

Tbii kaTO cucTeMaTa € pasJ/ieleHa Ha HAKOJIKO JJOTHYeCKH 000COOEHU YacTH, 3a BCSAKa
YacT ca MOAXOASIIM Pa3InYHU Pa3BOITHU HHCTPYMEHTH.

3a pa3paboTkaTa Ha MPOTPaMHMS KOJA C€ U3MOJI3BaT TIpyna HHCTPYMEHTH 3a
paszpabotka. Ot crpana Ha MetaTrader 4, ecTeCTBEHUAT MpOTpaMeH €3UK € BrpajJicHHs B
Thprockara miarpopma MQL4. Manbk copTyepen nox moayn, Hanucad Ha MQL4, uma 3a
3aja4a Ja U3BexAa MHpopMmanusATa 3a BPEMEBHUTE PENOBE B TEKCTOBH (aillioBe U 1a 4ere
MPOTHO3UTE TEHEPUPAHU OT HW3KYCTBEHUTE HEBpOHHU Mpexu. Cwuio Taka, MQL4 mnon
MOIyABT MMa 3ajada Ja BU3yalu3upa IporHo3ara B mojaxonasdmia (opma 3a pazyuTaHe OT
KpaiHUTE TOTPEOUTEINH.

[To orHOmIEHHE Ha pa3pabOTEeHUss B TO3U JAMCEPTALUOHEH TPyd codTyepeH MOy,
CHILECTBYBAT HAa0Op OT aNTEepHATHUBU 3a M300p Ha mporpameH e3uk. Hail-momymspHute
nporpamu e3utm ca: C/C++, Java, C#. 3a pa3zpabotkara e nuzdbpan C/C++, kaTo apryMEeHTUTE
B HEroBa IOJ3a ca, Y€ TOBa € MPOrPaMEH €3WK, KOWTO HE € JOMUHHUpPAaH OT KOHKPETHA
KOopHoparuBHa (UpMa, UMa U3KIIOYUTETHO A00pa MOAAPHKKA HA Pa3IMdHU ONEPANUOHHU
cucremu (MS Windows, Mac OS X, Linux). 360psT Ha C/C++ e apryMeHTHpaH U C TOBa,
4ye e3uKbT UMa Jo0pa noaapwrxkka 3a cynep kommorpu (Open MPI), kakto u 3a rpaguyau
yckoputrenu ot Tun GPU. OcnoBHa xapaktepuctuka Ha C/C++ € OTHOCHUTEIHOTO
OBP30/IEHCTBHE C KOETO CE€ M3MBJHABA MIPOTrpaMHUs KO, Thil Karo ce CBEXJa /10 acemoiepa
Ha KOHKpeTHaTa XxapJayepHa apxuTektypa. He Ha mocneano mscto, C/C++ € OCHOBHHUAT €3UK
B iargopmara BOINC (Berkeley Open Infrastructure for Network Computing), kosto e

€IHa OT Hal-pa3NpOCTpaHEHUTE IUIaTGOPMHU 3a HU3YUCIECHHUS B pas3mpelereHa cpena.
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[Ipunbprxkaiiku ce KbM KoHLenuusTa 3a npecMsaTanusi B BOINC e Bb3MOXHO 1a ce Cch3/1aaar
cOOCTBEHHU pEIICHUS 3a MpeCMATAHE B pa3lpeciieHa cpena, kKakTo e onucano B [SINI2011]
[HREL2011].

TBil KaTo OCHOBHATa HJAEs 3a NMpPECMATAaHE B paslpelesieHa cpeAa € W3YMCICHUSTa
OCHOBHO J1a C€ U3BBPIIBAT HA KJIMEHTCKUTE MAIIIMHU, TO 32 ChPBBD € YIa4HO Jia ce moadepar
Hal-0JICKOTEHUTE TEXHOJOTUM M WHCTPYMEHTHU 3a pa3paboTka. ChoOlleHUsTa, pa3MEHSHU
MEXKy KJIMEHTCKUTE KOMMIOTPU U ChpBbpa ca B cTpykrypupad dopmar JSON. Cnen 1992
rOJIMHA €IMH OT HAW-IIUPOKO Pa3NpPOCTPAHCHUTE KOMYHUKAIMOHHU IpoTokonu € HTTP u
TOBa € MpUYMHATa TOU Aa Oblie u30paH B AucepTalMoHHMs Tpyad. 3a oOpaborkara Ha HTTP
3asBKM OT CTpaHaTa Ha CbpPBbpa € HEOOXOAMMO TIOCTOSHHO Ja paboTu codTyepHO
NPUWIOKEHHE HapeueHo yeO chpBbp. Hall-momynspHuTe BB3MOXKHOCTH 3a yeO ChbpPBBpP ca
Apache, Tomcat u Microsoft IIS. C nien HamansiBane Ha (PMHAHCOBHUTE Pa3Xou OT CTpaHa Ha
ChPBBpa, 3a HYKIUTE Ha NUCEPTAIMOHHUS TpyH, € u30pan yed cvpBbp Apache. Ved
ChpBBPBT Apache Moxke J1a ce MHCTaIupa Ha MHOXKECTBO OMNEPAIMOHHU CUCTEMH, Thil KaTo
IpeJICTaBIsABa COPTYep C OTBOPEH KOI.

N360pbT Ha Apache yeb chpBBp € 00BBpP3aHO U C M300pa HAa MPOrpaMEH €3UK OT
CTpaHa Ha ChpBbpa. Hali-pasnpocTpaHeHUTe MPOrpaMHU €3UIH 32 CbPBbPHU MPUIIOKEHUS ca
PHP, JSP u ASP. B nucepranmonnust Tpyn € uzbpan PHP, Thil kato € €3uK ¢ OCHOBHO
npelHa3HauYeHue 3a pa3paboTka Ha ChbPBbPHU CKPUIITOBE.

CrnosiT 3a TpallHO ChXpaHEHUE Ha JAHHUTE, OT CTPaHa HA ChPBBHPA, € MPEJICTABEH OT
penamnyoHHa cuctema 3a ympamienne Ha 0asum ot gaHHu (CYbBJl). Hait-momynsipHute
Bb3MOXHU antepHaTuBu ca Oracle, MS SQL Server, PostgreSQL u MySQL. U360psT € Ha
MySQL 3amoro € 3HAuWTENHO IMO-JIECHA 3a HW3IO0JI3BAHE B CPAaBHEHUE C OCTAHAIMTE.
Komnanusita Oracle nputexasa npasara Hag MySQL, koeTo € cBoeoOpa3Ha rapaHius 3a

cTabuiHOTO noaabspkane Ha Tazu CYB/I.

ModenupaHe Ha cmpykmypume om OaHHU 8 cucmemMama

[TporpamMHusT KO, pabOTEIl OT CTpaHATAa HAa KIMEHTCKUTE KOMIIOTPH, MPEICTaBIsIBa
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rpyna KJacoBe, KOMIWIMPAIM CE€ IO CaMOCTOATENeH M3NbJHUM (ain. OT kiacoBere, B
namMeTTa Ha KOMIIIOThpa, ce ch3faBar oOekTH. Ilo Bpeme Ha paborta, Ha cucremara
BBTPEIIHOTO ChCTOSIHUE HA OOEKTUTE ce MpoMeHsl. Ta3u npomsiHa Ha 0OEKTUTE CE ChbXpaHsIBa
B CHEpPrHilHO He3aBHCHMMa MaMeT, 1oj opmara Ha penanuMoHHa 0a3a JaHHU. 3a IenTa ce
U3BBPIIBA OOEKTHO-PENAIIMOHHO HalacBaHe. 3a OHarve[sBaHe Ha OOEKTHO-OpHUEHTHpaHaTa
CTPYKTYypa, Bceku kiac e npeactaBeH cbe CRC kapra (Class Responsibility Collaboration).
ANN e OCHOBHUSAT KJIaC B MporpaMara U OMUCBA W3KYCTBEHA HEBPOHHA Mpexka, KOETO
BKJIIOYBA BHTPEIIHO MPEACTABIHE HA MpeKaTa M aJITOPUTMU 3a 00pabOTKa Ha MocThIIBalaTa
n mnu3amara napopmanusa. ANNIO e 3a BXomHO-u3x0qHaTa HHGOPMAIUS U MIPEICTABIsIBA
BEKTOp OT PEaJIHH YMCIia, a KOUTO € TpeHa3HaueH otnesneH 6a3oB kiac. ANNInput otroBaps
3a BXOAHaTa MH(MOpMAIMS U € BEKTOp OT peajHu YMcia U MPEJICTaBIsBa 4acT OT BXOIHO-
uzxoneH Bekrop a ANNOutput 3a uzxogHara uHGOpMaLKs U € BEKTOP OT peajlHd 4yucia U
MPENICTaBIIsIBa YacT OT BXOJHO-U3XO0/IeH BekTop. B ActivityMatrix e mpeacraBeHa Marpuiiata
32 aKTUBHOCTHUTE Ha BPBH3KUTE B M3KYCTBEHHUTE HEBPOHHU MPEXKH U € JBYMEPEH MacHuB OT
peanHu 4Mciia, KOMTO ompenesns MaTpuiara Ha chceAcTBO. M3momn3Ba ce 3a onpezessHe Ha
cujata, Ha BPB3KUTE B M3KYCTBEHHUTE HEBPOHHU MPEXKH, Karo MO TO3W HAYMH OMPEes
TOMOJOTHUATA, KOATO Mpexara uma. Chromosome onucBa XpoMO30MHTE, KOUTO ca OOEKTH,
KOUTO U3rpaXaaT MoNylanuara Ha audepeHuuanHara eBomonus. Beska Xxpomozoma
MpE/ICTaBlIsiBa KOMIUIEKT TEria 3a HM3KyCTBEHA HEBPOHHA MpEXa W MMa JIONMBJIHUTETHA
XapaKTEepUCTUKA 3a >KHW3HEHa CTOMHOCT Ha Xxpomo3oMara. Communicator e 3a
KOMYHHKAIUsTa C OTAajledeHus cbpBbp. lloBepeHa e Ha rpyma KiacoBe, KOWUTO ca
OpraHu3MpaHu B Hepapxus OT HacieasBaHus. To3u moaxona € u30paH 3a na ObJe Bb3MOXKHO
pa3mmpsiBaHe Ha CUCTEMaTa C JOMBIHUTEIHH KOMYHUKAIIMOHHU MpoToKoiau. Communicator
e 0a30B KJac, HacjelJeH OT MOo-CHeUUu(PUYHH pealu3alii Ha KOMYHUKallMOHHATa
dbynkuronannoct. B Counter 3a 1a ce chOupa cTaTuCTHKa IO BpeMe Ha padoTa 3a cucTeMara
U € MpeJCTaBeH OT KOHTeiHep ¢ Oposiun. Ha 6a3a, Ha muHbopManusTa oT OposiuuTe Ce TIPaBU
CTaTUCTHYECKa OIEHKa 3a €()eKTUBHOCTTA HAa OOYyYEHHUETO M TOYHOCTTa Ha mporHozute. C
CrossoverType B amropuTbma 3a audepeHLraTHa €BOJIOLMS MOraT Ja ce MpUJIoXkKar

pa3iindHu THUIIOBC KPBCTOCBAHC, KOCTO YCCTO 3aBHUCH OT H36paHaTa TOIIOJIOTHUA Ha
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M3KyCTBEHATa HEBPOHHA Mpeka. AJITOPUTHMBT 3a JudepeHIaiHa eBOTIONUS € pean3upaH
B otzeneH kiaac DE, koliTo nMa OTTOBOPHOCT Ja M3BBPIIIBA CENEKIINATA, PEKOMOWHAIIUATA U
OIICHKATa Ha OTACIHUTE MHAWBUIW B IMOMyJlanusaTa. Tl KaTo Teriata U aKTUBHOCTHUTE Ha
BPB3KUTE B HM3KYCTBEHUTE HEBPOHHHU MPEKH CE€ MOJETUpaT C Marpuila Ha CBHCEACTBO €
yIa4qHo 3ajlaraHetro Ha 0a3oB kiac GraphMatrix, koiito na O6p1ae HacienedH. EnquH or Haii-
pa3MpOCTPAHEHUTE KOMYHUKAIMOHHU NTPOTOKOoIM € HTTP, koeTto € ocCHOBHA aprymeHTanus B
cucremara ga ObJe MpeoCTaBeHa Bb3MOKHOCT 32 OOMEH Ha ChOOIIECHUS, MEXKY KIUEHTA U
cepBbpa HttpCommunicator, Touno Ha ocHoBata, Ha HTTP nmpotokona. Ilpu 3apexnane Ha
cucremara, 0e3 HaJM4KMe Ha BPH3Ka KbM CHPBbpPA € BAXKHO IMapaMeTpuTe 3a oOydeHHEe Ha
U3KYCTBCHUTE HEBPOHHU MPEXKHU Ja ObJaT MHUIMAIM3UPAHU U TOpaayd Ta3u MPUYUHA €
BbBEJICHA BHb3MOXKHOCTTA MHUIIMATIU3ALMATA J1a C€ W3BBPIIM OT WHUIMAIM3AIMOHEH (ailn
Init. Tlpu xomynukamust mo mnporokona HTTP e Bw3MokHo wuHpopmanusara ma Obie
nmpenaBaHa B TEKCTOB BHUJI, 0e3 Ja ObJe CTPYKTypHpaHa, HO MHOTO TMO-€(EKTUBHO U
3alllUTEHO OT TPEelIKH €, ako uHpopmanusTa 6b1ae nakerupana B JSON cboOuienus. B To3u
acrekT € Jo0aBeHa BBH3MOXKHOCT 3a KOMYHHMKalMs MEXKIy KIHEHTa U ChpBbpa Ha 0Oa3za
HTTP+JSON B JsonHttpCommunicator. [Tapamerpute Ha Bcexku moaen (MHM+/IE+BP) ce
0o0paboTBat ot nomoiieH kiaac ModelParameters, Taka ye METOIUTE J1a MOJTy4aBaT caMo €UH
o0ekt, a He cepus oT mapamerpu. Otnened kimac Neuron MojenHpa TMOBEACHHETO Ha
HEBpOHUTE. MeToauTe Ha TO3M KJac MMaT 3ajaya Ja M3BbPIIBAT IMPECMATAHUATA U Ja
3ama3BaT BBTPEUIHOTO ChCTOSIHME Ha HeBpoHA. OCHOBHUTE TUIIOBE HEBPOHM, OINUCAHU B
NeuronType, OuBat - OOMKHOBEHH, BXOJISIIIM, U3XOMAII U bias (orMecTBamm). Ciopen cBos
TUI, BCEKU HEBPOH HU3MBJHSIBA pa3dyHa pojsi B Mpexara. Bb3MOXKHO € HEBPOHU Ja
CchYeTaBaT MoBeye OT eHa (PyHKIus (MPUMEPHO HEBPOH, KOMTO € BXOJEH, a B CHIIIOTO BpEME
U U3XOJICH 3a Mpekata). Besika Mpeka e mpencTaBeHa HEBPOHU U TEIIa 32 BPBb3KUTE MEKIY
TAX. B maMmerra Ha KOMIIOThpa C€ HM3MOJ3Ba CNHMCHhK OT HeBpoHUW NeuronsList, kato
KOHTEMHEp 3a OOEKTUTE OT TUN HeBpoH. [lomymamusTa € mpeiacTaBeHa B IaMeTTa Ha
KOMITIOTBpa ¢ kiac Population karo koHTeliHEep OT 00EKTH TUIT XpoMo3oMa. BpemeBus pex 3a
CTOMHOCTTA Ha BaJyTHHUTE JABOWKHU c€ TpencTaBs moj Gopmara Ha rpaduka ¢ 6apoBe U Kiiac

Ratelnfo. Bcexn 6ap Hocu nH(pOpMaIys 3a KOTUPOBKATA HA BAIyTUTE B KOHKPETEH MOMEHT

Asmopeghepamu Ha ducepmavuu 6 (2017) 23-58



44 Topop banabaHoB

ot BpemeTto. B mporpamara MetaTrader4 BpemeBuTe penoBe ca OpraHM3WpaHU Ha pPaBHU
UHTEpBaIM OT BpeMe. [Iporpamara jnaBa Bb3MOXKHOCT ¢uHaHCOBaTa MH(poOpMaIusa aa Oble
IpelCTaBsHa BbB BPEMEBU PEAOBE C PA3IUYEeH MNEPHUOI, MEXAY OTACIHUTE OTYUTAHUS.
Bpemesute nepuoau ca uzbpoen tun TimePeriod xakro ciensa: M1 (emna munyta), M5
(net munytu), M15 (nernanecer munytu), M30 (Tpunecer munytn), Hl (equn uyac), H4
(uetupu yaca), D1 (enun nen), W1 (emna cenmunia), MN1 (eaun mecenr). MHOXECTBOTO OT
00EKTH 3a W3KYCTBEHA HEBPOHHAa MpExa, Au(epeHluanHaTa €BOJIOLUA, 00yyaBallo
MHOKECTBO, KOMYHHKAI[MOHEH O0EKT U OpOosUYr ce MoMecTBa B OOEKT OT KJjiaca 3a TpEHUpaHe
Ha Mpekara. 3ajadyara Ha kjac Trainer € Ja Ciy’)XM KaTo KOHTEMHEp OT BHCOKO HHUBO, 3a
octaHanute o0ekTu. TpeHUPOBLUYHAT MpUMEp € mpeATaBeH ¢ kiac TrainingExample u e
CTOMHOCT Ha HEBPOHUTE, KAKTO CJIEJIBA: BXOJIHW CUTHAJIU B M3KYCTBEHHU HEBPOHHU MPEKU,
W3XOAHU CUTHAIM OT W3KYCTBEHHM HEBPOHHU MPEKU M OYAKBAHW W3XOMHH CUTHAIA OT
U3KYCTBEHH HEBPOHHU Mpexu. (OOyuaBamoTo MHOXKECTBO € kiac TrainingSet u e
MIOCIIEZIOBATEIHOCT OT TPU MapajelHd MachBa, KaKTO CJIe/lBa: BXOJ B U3KYCTBEHH HEBPOHHU
MpPEXXH, M3XOJ Ha W3KYCTBEHHM HEBPOHHM MpPEXH W OYaKBaHA CTOMHOCT Ha W3X0Ja, Ha
U3KYCTBEHH HEBPOHHM Mpexu. Marpuiiara 3a Teriara Ha Bpb3KUTE B U3KYyCTBEHA HEBPOHHA
Mpexa npeactaBeHa oT WeightsMatrix e 7ByMepeH MacuB OT peajHU YKCIia, KOWTO Onpeess
MaTpHIlaTa Ha CbCeNCTBO. M3mons3Ba ce 3a ompesensHe Ha CWiara, Ha CUTHAIUTE MEXKIY
HEBPOHUTE B U3KYCTBEHU HEBPOHHU MPEXKH, KaTO MO TO3U HAYUH OMPE/Es 3HAHUETO, KOETO
MpekaTa uMa.

Cwxpanennero Ha MH(OpMaIUsATa B CUCTEMara C€ M3BBPIIBA HA IEHTPATU3UPAHUS
chpBBp ¢ nmoMoinra Ha CYB/I, B KoSITO TaHHUTE ca MOACIUPAHU 110/ (hopMaTa Ha CHITHOCTH
u penauuu. B tepmunnute Ha CYB]] chiiHOCTUTE M penanuuTe ce mpeacTaBaT noj ¢popmara
Ha TaOiuiy B O0azara JaHHH.

B Tabmuma ann Bcska M3KyCTBEHa HEBPOHHA Mpeka € ONHcaHa ¢ MaTpuila Ha
ChCeACTBO (mosieTo wights), KOSITO ChAbpKa TeriaTa Ha BPB3KUTE B Mpexkara. Paznuunure
MpEXH MMaT pa3iMueH KOMIUIEKT TeIia M ChOTBETHO OMXa Jajiu pa3jiudyHa TOUYHOCT IPHU
nporuosupanero. OO01iara A0MycHaTa Ipelika NPy MPOTHO3UPAHETO CE U3IIOI3BA 32 JKU3HEHA

CTOMHOCT B anroputrbMa 3a nudepeHnuanHa epoitonus (mosieto fitness). Pasnuunute
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M3KYCTBEHH HEBPOHHH MPEXKH CE€ XapaKTEpH3UpaT C TUIl HA MpeXara U TOBa C€ OTpa3siBa C
noMmoInHa Ttabnuia, Bpbh3kara KbM KosiTo € monero ann kind id. B Ttabmuma ann kind
BUJIOBETE M3KYCTBEHW HEBPOHHH MPEXHU OCHOBHO CE€ ONMCBAT C TOMOJIOTHSI Ha BB3IUTE U
CHJIaTa Ha BPB3KUTE MEXKAY OTIACIHHUTE Bb3NHU (mosieto activities). Ilonero activiteis cbio
MPE/ICTaBIIsIBa MaTPHUIla Ha CHCEACTBO M OMPEIEIIsl AT MEX/TY J1Ba Bb3esa (BKIIOYUTEIHO U
NPUMKHUTE) CHIIECTBYBa BpBh3Ka W KOJKO CHIIHA € Ta3u Bpb3Ka. Bceku BUA M3KyCTBEHa
HEBpPOHHA MpeXa HMa omnpeaenaeH Opoi HeBpoHu (moneto number of neurons) u
uH(popMaIMs KakbB TUIl € BCcekH oT HeBpoHutTe (mosiero flags). Tl kaTo HE ce THpPCAT
BPB3KM MEXAy OTACTHU BaJIyTHH JBOWKH, BCEKH BHJ W3KYCTBEHAa HEBPOHHA MpEXka ce
OTHACS caMoO 3a KOHKpPETHA BaJlyTHA JBOMKA U KOHKPETEH MEPHOJ] Ha BpeMeBHs pell (BhHIITHA
BpB3Ka Mpe3 noneto currency pairs id). Upes tabnuia currency pairs BCEKH BPEMEBH pejl B
cucTemMara orpassBa WHGoOpMammsTa 3a €JHa BaJTyTHA JBOIKA. BamyTHUTE HBOWKH ce
XapakTepus3upar chc cuMBOIHO HazBanue (mpumepHo EURUSD, monero symbol). Bropara
XapaKTepUCTUKAa Ha BPEMEBUS pell € NepuoabT (BbHIIHA Bpb3ka mpe3 nojeto period id). B
Tabnuua neurons_coordinates, 3a LETUTE HA CUCTEMHATA aJMUHUCTpALUs, BCAKa N3KYCTBEHA
HEBPOHHA MpeKa Ce BU3yallu3upa B aJIMUHHCTpAaTUBEH naHes. Ha mpakTuka ce nu3o0pa3ssar
HEBPOHHUTE, KaTo BB3IM B rpad, W Teriara karo pebpa Ha rpada. 3a ga ce OChIIECTBU
BU3yaIM3allMATa, BCEKH HEBPOH C€ OMKCBA C KOOPJAWHATH B JAByMEpHaTa paBHHHA (IIOJIETO
coordinates). B mporpamara MetaTrader4 ca 3amoskeHHM HSAKOJIKO CTaHIAApTHU BpPEMEBU
UHTEpBaja, 3a BPEMEBUTE pPEIOBE, OTpa3eHH B Tabmuma time periods. MuTepBamute ce
OMHCBAT ChC CHUMBOJIHO Ha3BaHue (moseto period) m Opoli MHUHYTH, HA KOUTO OTTOBaps
UHTEpBaIBT (MosieTo minutes). Upe3 Tabnuma training options cucrtemara OW Morjia Ja
oTpesensi mapaMeTpH 3a 00yUYeHHETO Ha N3KYCTBEHH HEBPOHHU MPEXH C OTAETHA Tabnuia B
penanronHara 6a3a nqanHu. Karo mapamerpu Ha 00y4eHHETO ce M3MOI3BAT OPOAT MHAMBUAU
B nudepeHImainaTa eBotoLus, OposT 6apoBe 3a BXOJ B Mpexara, OposiT 6apoBe 3a U3X0J1 OT
Mpekara U KoM BuJ Mpexka mie ce oOyuyaBa. Ot Tabnuma training set TPEHUPOBLYHHUTE
IpUMEPH 32 M3KyCTBEHaTa HEBPOHHA MpEXKa IMPEACTABISABAT CAMHUST BPEMEBU pell, KOWTO
MOCTHIIBA B CHCTEMara OT u3xoja Ha mporpamara MetaTrader4. BpemeBusiT pen cbabpika

uHpopManys 3a BalyTHAaTa JBOWKa, TMEpHoJa Ha BPEMEBUS pEl, KOJKO CTOWHOCTH OT
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BpEMEBHS pejl ca MPEICTaBEHHU U IpyTia MapajeTH! MaCUBH, KOUTO UMaT CIIEAHOTO 3HAUCHUE:
time - MOMEHT BbB BPEMETO 3a KOMTO C€ OTHACSl CTOMHOCTTa, Open - HUBO Ha OTBapsiHE, 3a
CBbOTBETHUSI MHTEpBaJ, close - HUBO Ha 3aTBapsiHE, 32 CHOTBETHUS MHTEpBal, low - Haii-
HUCKO IOCTUTHATO HUBO, 32 ChOTBETHUS MHTEpBal, high - Hail-BCOKO HUBO, MOCTUTHATO 32

CHOTBETHUS UHTEPBaJ, volume - u3ThpryBaH 00eM B KOHKPETHUSI BPEMEBU UHTEPBAJ.

AdMuHucmpamueeH modyn 3a HabnrdeHue u HacmpolieaHe Ha cucmemMama

MogaynbT 3a HaOIIONEHHE M HACTPOMBAaHE HA CHUCTEMaTra ce IMOJI3Ba 3a 3a/aBaHe Ha
napameTpH, Mpu KOUTO MPOTUYa OOYUYEHUETO Ha U3KYCTBEHH HEBPOHHU MpPEXU. MoOIymbT €
paspaboren non ¢popmara Ha Java Applet, 3a 1a Ob/ie JOCTBIIEH OT PA3IUYHU KOMITIOTHPHU
CUCTEMHU, M3MOJ3BAIM CTaHIApPTeH yeO Opay3npp. MomynsT € peanmsupad noj (popmara Ha
JBYyCIOitHa coTyepHa apxXuTeKTypa (moTpeburencku nurepdeic - 6aza nannu). Cucremara
3a CUTYpHOCT (aBTEeHTH(UKALMS W aBTOpHU3alus) € M3LI0 Oa3upaHa Ha cucTemara 3a
CUTypHOCT, KoATO mpepoctaBs CYDB/l. AIMHHUCTPAaTUBHUAT MOAYJI € IpPEAHA3HAYECH
€IMHCTBEHO 3a OIIEpATOPUTE HA CUCTEMAara, KOUTO Ca B poJisITa HA JOBEPEHU JIMIIA.
Honbauurenno, HUBoTo Ha curypHoct B CYB]l orpannuaBa noctbna A0 JaHHUTE CaMoO B

paMKHTE Ha JIOKaJTHaTa MpEeXoBa MH(PpaCTPyKTypa.

I Applet Viewer: VitoshaTradeApplet. class SEx
Applet
Commands Network Tools

i‘rﬁ:%\.
R P
AT

Apnlet started.

@Due. 3.2 Expan 3a eusyarusayus na MHM [NIRA2012][ANMO2011].

Haii-chiiecTBeHara Bb3MOXKHOCT Ha aJIMUHUCTPATUBHATA CUCTEMA € BU3yaJIU3UPAHETO

Asmopeghepamu na ducepmavuu 6 (2017) 23-58



PASIMPEOENEHA CUCTEMA 3A NMPOrHO3MPAHE HA BPEMEBW PEJJOBE C EBOJITOLIMOHHW AITTOPUTMMU ... 47

Ha W3KYCTBEHM HEBPOHHU MPEXKHU C BCUUKH BPB3KH, KAaKTO 1o/ (popMara Ha Tervia, Taka v MoJy
dopmara Ha akTMBHOCTU. HeBpoHUTE B Mpexara ce M300pa3sBaT C pa3IMyHU I[BETOBE,
COpSIMO pOJIATAa, KOSITO M3MBIHABAT B Mpekara (BXOIHHM, HU3XOJHU, BBTPEIIHU WIH
oTMecTBalM). Pa3nonoxkeHne Ha HEBPOHUTE BbPXY BU3YAIIHOTO MPOCTPAHCTBO MOXKE /1A CE€

MIPOMEHS, C TOMOILITa Ha MUIIIKaTa U KiaBuarypara (Qur. 3.2).

IMy6nu4yeH modyn 3a uH¢hopmMayusi om cucmemama

[TyOonmuunuaT Moayn npeacTaBisBa yed caut, paspadoren ¢ HTML, CSS, PHP. Ilenra
Ha TyONMYHUA MOAYN € Ja IpeiacTaBd UHQOpMaIus OT CHCTeMara, KOSATO € 3a MyOJIM4HO
nosBane. [lyOnmmunara wHOpManus BKIIOYBA CHUCHK Ha PAa3IUYHUTE W3KYCTBCHH
HeBpoHHH Mpexu B CYBJl, pasnuunata e€(peKTHBHOCT A0 KOATO OTIEITHUTE MPEXKHU ca

oOyueHu U TexHus ciyxxebeH unenrudukarop B pamkute Ha CYB/] (Dur. 3.3).

VitoshaTrade® e P e nformation ™ Contacy s

The Ultimate
ForexPrediction
Indicator-..

Contact Us

) Symbol Period Fitness.

@ue. 3.3 Ocnogna yeb cmpanuya 3a nyoauKyeane Ha nyoauuHo 00Cmvnua UHGOpMayus. om cucmemama.

[{sutocTHATA cUCTEMa BKJIIOYBA PA3JIMYHU MOIYJIM, YacT OT KOWTO Ca JOCTBHIIHU 3a
nyonuuHo mon3BaHe. CHUCBK ¢ MYyOJIWYHO JOCTBIIHUTE MOJYJIH € TMpPEACTaBeH B
JTOMBJIHUTENHA yeb cTpaHuna. ChIlo Taka MyOIUYHUSAT MOIYJ ChIbpKa U yed CTpaHHUIla C

uHpOpMaIys 32 KOHTAKT.
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lmaBsa 4 - lMpunoxeHue Ha cucTemMaTta 3a nporHo3vpaHe UM aHanu3 Ha

eKCnepuMeHTanHn pe3ynrtartum

CnoxXHOCTTa NpH MPOTHO3UPAHETO HA BAlyTHUTE Ma3apy C€ ABbJDKU HA JUHAMHKATA B
M3MEHEHHETO Ha Ma3apHUTE MPOILIECH U MHOKECTBOTO (DAKTOpH, OKa3BAIlld BIHUSIHUE BBHPXY
neHara. [IpennoxkeHusT TeOpeTUYeH MOJEN U KOHKpeTHaTa My CO(pTyepHa peanu3anus Iie
MOCTY’KaT 3a U3CIEABAaHE Ha MPOOJIEMUTE, pa3IiielaHu MO-/10JIy B TEKCTA.

[Ipu HapacTBaHe Oposi Ha BB3IUTE B HM3KYCTBEHUTE HEBPOHHU MpEXKHU, OpOST Ha
TerjaTa ce yBeJIMuaBa 3HAYMTEITHO, KOETO MOXXE JOMBIHUTEIHO Ja 3aTpydHHU Ipolleca Ha
oOyueHure, 0cOOEHO TPH MO-CIOKHA TOTIOJOTHS HA U3KYCTBEHU HEBPOHHHU Mpexu. [IbpBOTO
HaIpPAaBIICHHUE 3a U3CJIE/IBAHE € KaKBa TOIMOJIOTUSl HA M3KYCTBEHHU HEBPOHHU MpPEXH Ou Omiia
Hali-eeKTUBHA 3a IEJUTE Ha MPOTHO3UpaHeTo. Pa3riemaHm ca Kiacudecka TPHUCIOITHA
M3KYCTBEHA HEBPOHHA MpPEKa, MHOTOCIIONHA U3KyCTBEHA HEBPOHA MpeXa ¢ OOpaTHU BPB3KU
U IBJIHO-CBbP3aHa HW3KYyCTBEHA HEBpOHHA Mpexka. OCBEH OpOAT CJIOEBE U KOHKPETHUSAT
Ha0O0p BPB3KHU MEXKAY TAX OT ChIIECTBEHO 3HAYEHUE € U OOIIUAT OpOi HEBPOHH.

CpliecTBEH MOMEHT B M3CJIEIBAHETO € M300PhT HAa BUJA HAa BXOIHO-U3XOJAHUTE JAHHU
npu paboTa ¢ U3KYCTBEHH HEBPOHHHM Mpexu. [1o oTHOIIEHHE Ha U3XO0/a, KENaTeIIHO € Jia ce
noJiyyaBa JIUPEKTHO NPOTHO3HA CTOMHOCT (KOHKPETHO YHUCJIO WIJIM pas3liMka Ha
MIPOTHO3UPAHUS MOMEHT, CIIpsIMO TeKyIus ). [1o oTHOIIeHHe Ha BXOJAHUTE ITaHHU ca Ha JIUIE
CIeQHUTE Bb3MOXKHOCTH: 1. /la ce momaBa cTOMHOCT 3a Bpeme; 2. Jla ce mogaBa CTOMHOCT Ha
BeJIMUMHATa OT MpeaxoiaeH MoMeHT; 3. Jla ce mogaBa ChBKYIHOCT OT CTOMHOCTH Ha
BeJIMYMHATA B MPEIXOAHU MOMEHTH; 4. Jla ce moaaBaT pa3jIuku B CTOMHOCTTA Ha BEJIMUUHATA
OT MpeaxoaHu MomeHTH; 5. [la ce momaBa KoMOWHAIUS OT MPEIXOAHU CTOMHOCTH Ha
BEJIMYMHATA U UH(OpMAIUS 32 BPEMETO.

OcCBeH C JaHHU 3a BpeMe€ U CTOMHOCT Ha BEJIWYMHA, U3KYCTBEHUTE HEBPOHHU MPEKHU
MOKe Jla ce o0yyaBa 3a Kiacuuimpane Ha ,,ACTUHCKH W ,,(alluBu’ CUTHAJH, MOAaBaHU
0T (pMHAHCOBU MHAMKATOPH W/WiK ocuuiaTtopu. [Ipu T031 BapuaHT caMOTO MPOTHO3UPAHE Ce
MoJTy4aBa OT KOMOWHAIWS WHIMKATOP/OCIUIATOP M W3KYCTBEHH HEBPOHHH MPEKHU, KOSITO

IMOTBBPKAaBa JOCTOBCPHOCTTA HA IIOAABAHUTC CUTI'HAJIN.
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NHyudeHmHo y4dyacmue Ha 8b3J1U 8 cucmema 3a pa3npedeneHu u34ducirieHus

B npennoxenara cucteMa 3a pa3npeieliCcHH M3YMCICHUS, OCHOBHATA TOIMYJAIUs Ce
HaAMUpa Ha €IWH IEeHTpajJcH Bb3en (ChpPBBp). Bcekn KIMEHT ce 3akada KbM CHCTEMaTra U
nojiyyaBa TMOAMHOXECTBO OT mioOanHara mnomynanus (Pur. 4.1 - nsBo). Cnen Tazum
IbPBOHAYAJIHA WHUIMAIN3AIMSA ONTHMH3AlMATa MPOTHYA HA JIOKAJIHO HUBO, KaTo KBbM
IIEHTPAHHS Bh3€JI C€ M3IpallaT caMoO MHANBUAM OT JIOKAJTHATA MOMYIalusl, KOUTO UMaT I10-

n00pa KrM3HEHa CTOMHOCT CIIPSIMO BeUe M3BECTHATA Hal-100pa riobaaHa KU3HEHA CTOMHOCT.

A\

Due. 4.1 Unyuoenmno exarou6ane Ha 6b31u 8 pasnpedeneHama cucmema (1560) u CpasHeHue Mexcoy UHYUOEHMHO BKII0YBAHE HA 8b3TU U

KpPb208a Mononoaus (05CHO).

Ha npaktuka, HEHTpAIHUAT Bb3€N CIIYXKH 3a XPAaHWIHUIIE HA MHAUBUIUTE C Hail-n10o0pa
NOCTUTHATA KU3HEHOCT OT JIOKAJTHHUTE MPOLIETypH 3a onTuMu3anus (cBoeoOpa3Ha hopma Ha
enutapu3bM). Tasum dyact oT cucremara, 3a OOMEH HAa HHJMBHIA MEXKIY OTIEITHUTE
W3UYMCIWTEIIHN BB3JIM € pasrienaHa, B u3onupad Bapuant B [TBIZ2015], karo e HarpaBeHO
CpPaBHEHHE MEXAY BB3JIM C HUHUUACHTHO BKJIIOYBAHE M W3KJIIOUYBaHE, U OOMEH Ha
uH(pOopMaIKs MO KPhroBa TOMOJIOTHSI.

OT npoBeNEHUTE EKCHEPUMEHTH CE€ BWXKJAA, Y€ NPHU WHLUWUJIECHTHO BKJIIOYBAHE Ha

BB3JUTE CXOJUMOCTTA Ha ONTUMU3AIMOHHUSAT Mpoliec € mo-n106pa (dwur. 4.1 — ascHO).

CpaesHeHue mexdy C++ u JavaScript, npu npaeusi nac Ha UHM

B nacrosmoto uscnensane [BAGE2016a] e mpencraBeH momen 3a oOydeHHE Ha
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W3KYCTBEHM HEBPOHHU MpPEXKHU C TOMOINTAa Ha oOyuaBail ajiropuTbM - JudepeHIraiHa
EBOJTIOIIHSI, KOWTO € OT Ipyrara Ha €BOJIIIOIMOHHUTE alropuTMU. OOy4eHHETO Ha U3KYCTBEHU
HEBPOHHHU MPEXH C€ OCBHLIECTBSBA B Pa3lpeesieHa cpea, KaTo Mpekara € peJCTaBeHa BbB
BUJ Ha JavaScript mporpaMeH koj, a KOMYHHKAITUATA C IICHTPATHUS BH3EJ CE U3BBPIIBA C
nomorra Ha AJAX acunxpoHHu 3asBku. llenTa 3a oOydeHre Ha HW3KyCTBEHH HEBPOHHH
MpEXHU € MPOTHO3UPaHE Ha CTOMHOCTUTE 3a Pa3IMYHU BAJIyTHU JIBOWKH, HA TJI0OATHHS
BaJIyTE€H Ma3ap.

bwvp3oneiicTBueTo, mpu U3NMbIHEHUETO HA JavaScript, € OCHOBHMST apryMEHT €3UKbT
Ja ce M30sirBa MpHU M3BBHPIIBAHETO HA TOJEMHU MO 00€M W3YUCICHUS WU MPU U3UUCICHUS,
KOWTO WM3UCKBAT TOJIsIMa TOYHOCT. JavaScript momaga B rpymnara Ha CKPUIITOBUTE €3HUIIH,
YUUTO KOJ HE C€ KOMIIWIMpa OO HHCTPYKUMU 3a MIPOLEcopa, a CE€ HHTEpHpeTUpa OT

IIPOrPaMHM MOJYJIM HapE€YEHU UHTEPIPETATOPH.
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Que. 4.2 Cpasnenue 6 6vp3o0eticmauemo npu panpocmpanenue na ungopmayuama ¢ HHM, no epeme na npasus nac, medxcoy C++ u
JavaScript. Ilo ocma X ca 6posm neeponu, a no ocma Y e dvp3ooeticmsauemo 6 MUIUCEKYHOU (11460) U CMAHOAPMHO OMKIOHEHUe No epeme npu
pasznpocmpanerue Ha unpopmayusma ¢ MHM, no epeme na npasust nac, mexcoy C++ u JavaScript. Ilo ocma X e bposim neeponu, a no ocma Y

e CInanoapmHomo OmKIOHeHue (0SCHO).

BbB BCekH €IMH MOMEHT HHTEPIIPETATOPHT MOXKE Ja MPEKpaTH H3MBIHCHHETO Ha
NpPOrpaMHHUS KOJ W TIOpaau Ta3W MpUYMHA HE MOKE Ja Ce€ TapaHTHpa J0CTaThb4yHa
HAJIKIHOCT HA HU3YHCICHUATA. 3a Ja ce MpOBEepU pa3inkara B ObpP30ACHCTBUETO Ha
npemioxeHoto AJAX-JavaScript pelenne ca HU3BBPIIEHU CEpUS EKCIIEPUMEHTH, C
pasnpocTpaHeHHe Ha HH(OpMaIusATa B W3KYCTBEHa HEBPOHHA MpEKa IMPU IpaBUs Tac.
ANTOpPUTHMBT 3a MPaBHs TIAC € KOAUPAH B JIBa OTACIHUA MOayJia Ha cuctemara VitoshaTrade -
choTBeTHO Moayn Ha C++ um momyn Ha JavaScript. Kakro e Bugno or ®wur. 4.2 (1580),

OBP30AEHCTBUETO € ChUu3MepuMo, 3a Mpexu oT 10 go 100 HeBpoHa. Beceku ekcriepuMeHT e
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u3nbJIHeH 30 bTH U CPEAHUTE CTOMHOCTH ca mpeAcTaBeHu Ha ¢urypara [BAKE2016].

[To orHomeHne Ha Obp3oxeiicTBreTo e3uruTe C++ u JavaScript ca cbU3MepUMH, HO
YCTOMYMBOCTTA Ha U3UUCIUTENHUS Ipouec € no-goope npu C++, koeto € BugHO Ha Dur. 4.2
(ISICHO), KOSITO OTpa3siBa CPEJHOTO KBAJAPATUYHO OTKIOHEHHE HAa BPEMETO HYKHO 3a
u34uucieHne. Ta3u pa3nuka ce TBJDKA OCHOBHO Ha HAMYMETO, HA WHTEPIpPETaTop u yed
Opay3bp, HEIIO KOETO HE MPUCHCTBA MpuU u3uucienusTa B C++. [lpu e3unu ot kareropusita
Ha C++ mporpamara MbpBOHAYAIHO CE€ TPAHCIMpa A0 ACEMOJEPEH €3MK, a CJlel TOBa U JI0
MAaIlIMHEH KOJ.

Peanuzanusta Ha u34YMCIEeHUs] B paslpeneneHa cpena, noa gopmara Ha AJAX yeb
O0a3upaHa cucTeMa BOAM JI0 MHOTO BHCOKAa CTEIEH Ha pa3lIupseMOCT B CHCTeMara.
[IpakTruecku, pa3npeneseHUTe U3UMUCICHUSI MOTraT J1a C€ CTapTHpPAT Ha BCAKO YCTPOKCTBO
MOJIBPIKAIIO ChBpeMeHeH yeO Opay3bp, cmocobeH nma craptupa JavaScript u AJAX. Twit
KaTo HM3YMCICHUETO C€ M3BBPIIBA B PAMKUTE Ha yeO Opay3bpa, KONTO OT CBOS CTpaHa €
IpoLEC B apeCHOTO MPOCTPAHCTBO HA OMNEpPAlMOHHATa CUCTeMa, a TS OT CBOS CTpaHa ce
M3MbJIHSIBA Ha (U3MYECKUA Xapayep, Makap MU ChbU3MEpPUMHU MO OBp30jaeiicTBHE,
W3YUCIICHUSTA Ca TIO-HEeHAJIeKHH (HAIMYMe Ha MHTEPIPETATOP), OTKOIKOTO Orxa Ouiu npu

peanuzanus Ha e3unu, karo C/C++ unu Assembler.

CpaeHeHue mMexdy pa3siudHU mornosioauu Ha UHM

[Ipu nmporHo3upaHeTo Ha BPEMEBH PEIOBE C U3KYCTBEHU HEBPOHHU MPEXKU JIBaTa Hall-
aKTyaJTHU MOJIeJIa MPEXH ca Kilacu4ecKa TPUCIOWHA Mpexka, 0e3 00paTHU BPB3KU U MPEkKa C
oOpaTtHU BpB3KU. [IpoBeeHUTE EKCIIEPUMEHTH ca C TPHUCIONHU MPEXKH, KOUTO HMaT
pa3JIMueH pa3Mep Ha CKPUTHS CJIOW U MBJIHO CBHP3aHU MPEXH (BCEKH BB3EJ € CBHP3aH C
BCEKH OCTaHaJI, BKIIFOUUTEIIHO U ChC cebe cu). [Ipu mbiiHaTa cBbp3aHOCT ce 1ieiu eeKT Ha
KpaTKOBPEMEHHA ITaMeT B MperKara.

3a CpaBHEHHMETO MEXJy ITbJIHO-CBbP3aHa U TPUCIIOHA Mpexa € u30paHa TpUCIIOitHa
torosiorusi 28-12-5. IIbaHO cBbp3aHaTa Mpexa ce ChCcToum oT 45 Bb3ena. M nBara Buaa

MPCKH Ca O6quHI/I C I'CHCTHUYHH QAJTOPUTMH IIPU CICIHUTC IApaMCTpU 3a I'CHCTHYHMHA
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anropuTbM: Pazmep Ha nomynanusta - 37; BeposarHocT 3a kpbeTtocBane - 0.9; BeposatHocT 3a
myTtauus - 0.03; s enutHu enemeHtd - 0.1; ApryMeHTH 3a cbCTe3aTelHa CEJNEKUHUs - 2;
Bun xpbcTocBane - 6uHapHO; By MyTtanus - ciayyaeH JieiaTa BEKTOp; YCIOBHE 3a Kpal - 24
yaca.

W nBere Mpexu ca OOy4yeHHU, MPU PABHU JIPYTU YCIOBA. YCIOBHETO 3a Kpail Ha
00y4EeHHUETO € U3TUYaHETO Ha (DUKCHpaH Mepruo OT BpeMe, a UMeHHO 24 yaca. B pesynrar Ha
00y4Y€HHETO, MBJIHO-CBbp3aHaTa Mpeka MOoKa3Ba Mo-100py MapaMeTpH, 3a MO-MaJKO E€MOXH
obOydeHue. 3a TpucioitHaTa Mpexa ca HykHU 296037 ernoxu, mocTura ce )KU3HeHa CTOHHOCT
Ha Hal-700pusa MHAMBU B nomyiaanusaTa oT 656.1699030329493 u nomycHarara rpeiika ot
U3KycTBeHaTta Mpexa € 317.7286234453099, nokaro mpu MBIHO-CBbpP3aHAaTa MpEka ca
Hy)kHu 294003 emoxm, Hai-m00pa ku3HEeHa cToMHOCT 656.169903010489 u momycHata
rpemka ot 317.0226357675591.

Hannurero Ha moBede Teriia mpu €aHA MBJIHO-CBbP3aHa MpeXa BOAMU JI0 MO-OaBeH
npouec Ha OoOydeHHe, HO HaJIMYMeTO Ha OOpaTHU BPB3KU MO3BOJISBA (POpMUPAHETO HA
KpaTKOBPEMEHHA MaMeT B M3KYCTBEHUTE HEBPOHHHM MPEXKU W MPU 3HAYUTEIHO MO-ABITO

06yquHe TOBa AaBa IPCAUMCTBO HA TO3HW MOZICII.

CpasHeHue mexdy mpucnolHu MHM c pa3nu4yeH pa3mep 8 ckpumus csou

[IpoBeeHUTE EKCIEPUMEHTH Ca U3BBPUIEHU C TPUCIOWHU MPEXKHU, KaTO HAa BXOAa C€
nojiaBar 25 CTOMHOCTU OT U3MHUHAJ MEPUOJI, @ HAa U3X0/a CE OYaKBaT 5 CTOMHOCTU B ObJEIIl
nepuol. 3a eIUTe Ha eKCIEPUMEHTA IAaHHUTE YCIIOBHO Ca pa3/IelIeHH B TPU O]l MHOXKECTBA!
1. Hannu 3a oOyuenue; 2. Jannu 3a Banumauus; 3. Jlauau 3a tectBaHe. M3mpoOBaHu ca
TOTIOJIOTHH C pa3Mep Ha ckputus cioi oT 30 Bb3ena a0 1 Bb3en. Bcuuku ekciepumeHTH ca
U3BBPIICHU MPU €AHAKBB MHTEpBad oT Bpem. dur. 4.3 (1s1B0) moka3Ba pasiukata B Opos

€MOXH, CIPAMO pazMepa Ha CKPUTHS CIIOH.
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Due. 4.3 bpoii enoxu 3a 06yuenue, Npu eOHAKbE BpeMesU UHMEPSA, 3a 00yYeHUemo, HO pa3iuieH pasmep Ha CKpumus cioil (1460) u cpeoua
epewxa, oonyckara om MHM, npu o6yuenue na mpesicu ¢ monono2usi om mpu ciosi, 8 Koumo pasmepvm Ha ckpumusi ciot eapupa om 30 0o 1

(0sicHo).

B ekcnepuMeHTUTE € OIlCHEHa CpeaHara Trpenika, KOSTO JOMyCKaT MpPEXKUTE C
pasznunuHa Tonojiorus. llenta € na ce ycTaHOBU MPU KOM CTOMHOCTHU 3a pa3Mepa Ha CKPUTHS
ciol mpexara € Hal-eexTuBHA. M3uucisiBaHeTO Ha rpemikata € H3BBPIICHO camMo C
W3MO0JI3BAaHE Ha JJAHHUTE OT MOJMHOXXECTBOTO 3a TecTBaHe. ToBa ca JaHHU, KOMTO HE ca
W3MOJI3BaHU B Mpolieca 3a 00y4YeHUe U BaJuallus.

Ot @Owur. 4.3 (1CHO) SICHO C€ BIIKJIA, Y€ Hal-TIepCIEeKTUBHU ca MoAenuTe ¢ 22, 12 u 9

€JIEMEHTA B CKPUTHS CJION, KOETO ChOTBETCTBA HA TOMOJOTHU Mpexu: 1. 25-22-5; 2. 25-12-5;

3. 25-9-5.

CpaeHeHue 3a e(heKmMuUeHOCM Ha NMPO2HO3UPaHemo npu passiuydeH npo3opey, om exo0HU

O0aHHU

3a Tpute Hal-e(heKTUBHU Mojena, onpeaeneHn Ha Our. 4.3 (15CHO), ca U3BBPIUICHU
JOITBTHUTEITHN €KCIIEPUMEHTH ¢ M3MEHEHHE Ha pa3Mepa, KOMTO MMa BpEMEBUS MPO30pEI] OT
OTMHUHAJIUTE Nepuoau. PasmepbT Ha BpeMeBHsI TPO30peEL] € U3CienBaH OT 35 10 5 CTOMHOCTH
KaTo Mpo3opera 3a MPOTHO3UpaHe Ha ObaemuTe pe3ynratd € (ukcupaH camo Ha 5

CTOUHOCTH.
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@Due. 4.4 Bpoil enoxu 3a 0byuenue, npu eOHAKbE 8pemMesyU UHMeP8al, 3a 00yUeHUemo, HO PA3TUieH pasmep Ha 6X00HUs Cot (1460) U cpeoHa
epewka, donyckara om MHM, npu obyuenue na mpedicu ¢ monono2us om mpu ciosi, 6 KOUmo pasmepvm Ha 6xo00nus cioi éapupa om 35 00 5

(0sicHo).

Ot Qur. 4.4 (151BO) SCHO C€ BIIKJA, Y€ pa3MEephT HA BXOJHMS CIIOM MOYTH HE OKa3Ba
BJIIMSIHUE B OpOsi €MOXH, IPe3 KOUTO MPOoTUYa OOYUEHHUETO, 3a (PUKCUPAH MHTEPBAI OT BpeMe
(B ciyuas 1 yac). Cpuio Taka, siCHO ce 3a0elsi3Ba, 4e pa3MepbT Ha CKPUTHUSL CIOM OKa3Ba
IPSIKO BIIMSIHUE HA Oposi emoxu, 3a o0ydeHue, mpu GukcupaH uHTEpBasi oT Bpeme. Hait-0aBHO
IpoTuya 00YyYEHUETO MPU CKPUT CJIOHN OT 22 eJeMeHTa, a Hall-0bp3 MpOoTHYa 00YYEHUETO IIPU
CKPHT CJION OT 9 eneMeHTa.

Ha ®ur. 4.4 (nscHO) sSCHO ce BWXAA NMPU KOM CTOWHOCTH HA BXOJHHUSA CJOU
U3KYCTBEHAaTa HEBPOHHA MpeXa € IMOCTUrHala Hail-Mallka Tpenika 3a NpejioxeHara
POrHO3a. 3a pa3Mep Ha CKPUTHUS CIIOM OT 22 eneMeHTa, Hal-e(heKTUBHUST BXOJCH CIIoi € 29
enemenTa. [Ipu ckpur cioit ot 12 enemenra, Hail-ePEKTUBHUST BXOJIEH CIIOM € 28 enemMeHTa.
W npu ckpur cnoit ot 9 enemenTa, Hali-e(DEKTUBHUAT BXOJIEH cioi € 26 enemenTta. OT TpuTe
BBb3MOXXHOCTH Hall-100pHU pe3yiTaru ce MojydyaBaT pu CKPUT cJIoi oT 12 eneMeHTa, KOeTo €

OKOJIO TIOJIOBMHATA OT BXOJIHUS CJIOH.

3akn4yeHue

Pe3rome Ha nocmuzHamomo u udeu 3a 60ewa paboma

B mucepranmonnara paboTa ca MpeACTaBEeHM OCHOBHU pE3ylITaTH, IMOIYYEHU OT
IIPOBEJICHUTE M3CIEABAaHUS B 00JACTTa HA METOJUTE 3a MPOTHO3UMPAHE HAa BPEMEBU PENOBE,

QITOPUTMH U MPOTPaMHM CUCTEMHM 32 PEIIaBaHE HA 3aJa4M B 00JIACTTA HA MPOTHO3UPAHETO.
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[lenta Ha Te3u wW3CIeABaHHMS € pa3pabOTKaTa HAa EBPUCTUYHHUTE IMOAXOAM 32 MAIITMHHO
camooOyueHure, pa3lIupsBalld Bb3MOKHOCTHTE 3a MPOTHO3MpaHE Ha BpeMeBH perose. Ha
OCHOBaTa Ha TE3W €BPUCTHYHU IOJIXOMN Cca MPEJIOKEHN EBPUCTUYHN METOIU U AJITOPUTMH,
nono0OpsiBan OBP30IEHCTBUETO B MAITMHHOTO CaMOOOy4YeHHE HAa W3KYCTBEHH HEBPOHHU
MpPEXH. YCKOPSIBAHETO HA OBP30/IeCTBHETO B O0YUYEHUETO HA W3KYCTBEHH HEBPOHHHU MPEXKH
€ 0COOCHO BaXKHO MPHU MPOTHO3UPAHETO HA BPEMEBU PEOBE, Thil Karo ¢azara HA OOyUYEHUE €
3HAUYUTETHO M0-0aBHA OTKOJKOTO (ha3ara Ha CaMOTO MPOTHO3MpaHEe. XapaKTePUCTHKUTE Ha
TE3W METOAW M aJITOPUTMH, KadeCTBOTO Ha NPEUIOKEHHUS NW3aifH, KakKTo W Jo0para
nporpaMHa peanu3alus, ca B OCHOBaTa 3a Cbh3/IaBaHETO HA elHa e(eKTHBHA IMpOrpaMHa

CUCTEMa 3a MTPOTHO3MpPaHE Ha BPEMEBU PENIOBE, B chepaTa Ha BAIyTHUTE Ma3apu.

[TocTurHarure pe3yaTaru B AUCEpPTAllMOHHATAa paboTa odepTaBaT CIECTHUTE HACOKH 3a
ObACLIM H3CIEABAHMs, KaTO: H3CJIENBaHE Ha TMPEAJIOKEHUTE EBPUCTHUYHHU TMOAXOAU 32
ThPCEHE Ha MPOTHO3M B JIPYTM 00JIACTH, a HE CaMO IO OTHOIIEHHWE Ha BaJyTHHUTE Na3apu;
PasmmpsBane Ha mporpaMHara cucTeMa, KaTo ce€ BKIIIOYaT U JPYrd METOAM 3a MPOTHO3UPaHE
Ha BpPEMEBHM pEIOBE, C 1€ NO0-e(EKTUBEH CpAaBHUTENEH aHanu3; PasmupsiBaHe Ha
Bb3MOXKHOCTUTE Ha yeO Oa3upaHusi uHTepdeiic B cuctemara M JOPU OCHIIECTBSIBaHE Ha
U3YMCIICHUSI B pas3lpelelieHa cpeaa, Oa3upaliy ce Ha NpecMSITaHus BbPXYy MOOWIHU

YCTPOMCTBA.

Aemopcka cripaeka 3a npuHocume e oucepmayusima

Hay4Hu npuHocu

1. TlpennoxeH € €BpPUCTHYEH MOAXOJ] 3a OOy4YeHHE Ha IBJIHO CBBbP3aHU HEBPOHHU
MpEXH B pasnpejiesieHa cpea, 0a3upaH Ha MHIUICHTHO BKIIFOYBAHE HA BH3JIU;
2. TlpenyoxeH € €BPUCTHYEH MOAXO 3a OOy4YEeHHE Ha ITbJIHO CBBP3aHW HEBPOHHU

MpEXH B pa3npeesicHa cpeaa, 6asupan Ha audepeHIInaTHa SBOTFOIHS;
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3. Pa3zpabotreH € MeTon 3a MallMHHO 00yYeHHEe Ha IbJIHO CBbP3aHU HEBPOHHU MPEXKHU
B paslpeleieHa cpeaa, Oa3upaH Ha MPEUIOKEHUS EBPUCTUYEH MOAXOA 3a OOyueHue ¢
MHIIMJCHTHO BKJIIOYBAHE Ha BB3JIH;

4. PazpaboTeH e MeTo/l 32 MalllMHHO O0y4YeHHEe Ha MBJIHO CBbP3aHU HEBPOHHU MPEKHU
B paslpeleieHa cpeaa, Oa3upaH Ha MPEUIOKEHUS EBPUCTUYEH MOAXOA 3a O0OyueHue ¢

nudepeHIaiHa eBOIIOIHUS;

Hay'-IHO-HpVInO)KHVI npUHOCH

5. IlpensioxkeHu ca aNrOpUTMU 3a MPOTHO3WPAHE HA BPEMEBU PENIOBE C U3MOJI3BAHE HA
'BJIHO CBBP3aHU HEBPOHHU MpEXHU, OOy4aBaHU C MPEUIOKEHHS €BPUCTUYEH IOAXOH C
WHIIUJICHTHO BKJIFOYBAHE HA BH3JIU;

6. [IpenyioxxeHu ca aaropuTMU 3a NPOTHO3MPAHE HA BPEMEBU PENIOBE C M3MOJI3BAHE HA
I'bJIHO CBBP3aHU HEBPOHHU MPEXH, OO0y4aBaHU C MPEIJIOKECHHUS E€BPUCTUYEH TMOIXOMd C

nudepeHiaiHa eBOIIOIHS;

MpunoXxHu npuHocu

7. HSCH@I{B&HI/I Ca 1 Ca CKCIICPUMCHTAJIHO OOCHCHU IMPCATTO0KCHUTC ITIOAX0AU, MCTOIU U

AJITOPHUTMHU 34 IIPOTrHO3UPAHC HA BPCMCBU PCAOBC C IAHHU OT BAJIYTHH IIa3apu.
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