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AKMOJIA OBJIBICBIHIAFBI KOIII-KOH MPOLECTEPIHIH 3AMAHAYH KAFJAUDBI

Byn orcymvic Axmona obnvicvbiHbly MYpebiHOAPLIHBIY KOWL-KOHbIH 3epmmeyine apuanean. Axmona
00NIbICLIHbIY MYPESLIHOAPLIHBIY KOULI-KOHbIH 3epmmeyoiy e3eKmiiel onipoiy YImmbulk IKOHOMUKALIK Keule-
HIHIY KOWI-KOH NPOYeCMepPiHCi3 KANbINmbl HCYMbIC ICMeyiHiH MYMKiH emecmiciver anvikmanaowvl. Cebeoi,
KOULI-KOH a8bIHOApbl 0emMocpadusiibly axyandvl JicaHe onipoei dicone mymacmail oHipoeci eyoeKx Hapul2blH
Kanvinmacmuipy2a acep emedi. Muepanmmapovly az2blHbl MeH a2biMbl eHOeK HAPblRbIHOASbl HCA2OAUObl,
UHDPAKYPBLIBIMEA, IIMHOCAPATBIK KAMBIHACMAP2A, IKOJOSUSAILIK HCALOANEA JiCoHe OHIpOei KblimMblC Oeneeliine
Kamovicmul Jicagoaiiovl e3zepmedi. Kymvicma Kewi-Kon macenenepiniy cebenmepi dicone oaapobly wewinyi
3epmmenoi. 3epmmey HaMUAICECTHOE AUMAKMAZbI KOULI-KOHObL HCAKCAPMY OOUBIHULA YCLIHICIAD KeAMIPinoi.

Maxkanansly MaHIH auiamolH cO30€pP: KOWi-KOH, KOWI-KOH azblMbl, Axmona oOnvicbl, KOUli-KOH
banaucel, 0emopausIbIK JHCyKmeme.
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THE MODERN STATE OF MIGRATION PROCESSES IN AKMOLA REGION

This work is devoted to the study of migration of the population of Akmola region. The relevance of
the study of the population migration of Akmola region is determined by the impossibility of a normal
functioning of the region’s national economic complex without a migration process. Since migration flows
affect the demographic situation and the formation of labor markets in the region and in the region as a
whole. The influx and outflow of migrants is changing the situation in the labor market, the burden on
infrastructures, on interethnic relations, on the ecological situation, and on the level of crime in the region.
In work the reasons, problems and the decision of problems of migration are investigated. As a result, the
research offered its own proposals for improving migration in the region.
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CASCADING OF NEURAL NETWORKS

Abstract

There are technologies that allow combining several neural modules into a
single neural network. The cascading procedure is designed to interface neural
networks on data flow and error back propagation. This allows the use of the gene-
ric method for forward propagation modular networks training with arbitrary
structure. The mathematical model of cascading neural networks is given.

In case of cascade connection modules, the neural network learning can be
made with different speeds of training for the incoming modules. Next, the article
presents the tasks based on neural networks.

Features that the task should have in order to justify the application of
neural networks, and the neural network could solve it, are:

- there are no algorithm or known principles for tasks solution, but there is a
sufficient number of examples,

- the task is characterized by large volumes of input data;

- the data is either incomplete or redundant, noisy, partially contradictory.

Neural networks are well suited for image recognition and solving prob-
lems of classification, optimization and forecasting.

Keywords: neural network, cascading, model, training, modules, tasks.
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OMITUPUKAJIbIK 3EPTTEYJIEP QMIMNPUYECKUNE NCCJIEJOBAHUA

There are technologies that allow combining several neural modules into a single neural
network. The cascading procedure is designed to interface neural networks on data flow and error
back propagation. This allows the use of the generic method for forward propagation modular
networks training with arbitrary structure (Figure 1.) [1, 2].
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Picture 1 — The diagram of cascade connection of two neural modules

Cascading procedure presupposes that each neuron module has an output module for the
generalized error vector, which is formed in the first layer of the neural network. Generalized error
vector is used to build the reference vector for the preceding neural module.

The output vector of generalized errors for nuclear neural network is determined by:

o,(U)=0.5) 0';. (v)W;l. (u,v)
where:

1 1
Wy (u,v) is a synoptic map of nucleus Bi, the first layer of the neural network, o5 (v) are
generalized errors of nucleus Bi, the first layer of the neural network,

1y~

U=(u)oy) is the global number of input layer receptor.

In case of cascade connection modules, the neural network learning can be made with
different speeds of training for the incoming modules.

The beginning of the modern mathematical modeling of neural computation was put in 1982
by Hopfield’s works, which formulated the mathematical model of associative memory at the neural
network using Hebbian rules for network programming [3].

But not only the model itself has caused the emergence of other authors works on the subject
as the neural network computing power function introduced by Hopfield. This is an analog of the
Lyapunov’s function in dynamic systems.

It is shown that for a single-layer neural network with links such as "all for all" convergence
to one of a finite set of equilibrium points (dots) is typical; they are local minimum of the energy
function which contains the whole structure of relationships in the network in itself.

Other researchers also understood this neural network dynamic. However, Hopfield and Tank
have shown how to construct the power function for a given optimization task and how to use it for
the task imaging in the neural network. This approach was developed for other combinatorial
optimization problems solution too.

Hopfield’s approach attractiveness is that the neural network for a specific task can be
programmed without training iterations. Connections weights are computed on the basis of the
power function type that is designed for this task.

Boltzmann’s machine proposed and researched by Jeffrey E. Hinton and R. Zemel is the
development of the Hopfield’s model for combinatorial optimization problems solution and for
artificial intelligence tasks [4].
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Problems solved on the basis of neural networks

Features that the task should have in order to justify the application of neural networks, and
the neural network could solve, are:

- there are no algorithm or known principles for tasks solution, but there is a sufficient
number of examples;

- the task is characterized by large volumes of input data;

- the data is either incomplete or redundant, noisy, partially contradictory.

Thus, neural networks are well suited for image recognition and classification tasks solution,
optimization and forecasting.

The following is a list of possible industrial applications of neural networks, on the basis of
which either already established commercial products created, or demonstration prototypes are
realized.

Banks and insurance companies:

- Automatic checks and financial documents pick-up;

- Verification of signatures;

- Risk assessment for loans;

- Prediction of changes in economic indicators.

Administrative services:

- Automatic documents pick-up;

- Automatic barcodes recognition.

Petroleum and Chemical Industry:

- Geological information analysis;

- Equipment failure identification;

- Mineral deposits exploration on aerial photographs data;

- Impurities composition analysis;

- Process control.

Armaments industry and Aeronautics:

- Audio signal processing (separation, identification, localization, noise elimination,
interpretation);

- Radar signals (target detection, identification and sources localization);

- Infrared signals processing (localization);

- Information generalization;

- Automatic piloting.

Industrial production:

- Manipulators control;

- Quality control;

- Processes control;

- Failure detection;

- Adaptive robotics;

- Voice control.

Security personnel:

- Face, voice and fingerprints detection.

Biomedical industry:

- X-ray photograph analysis;

- Deviation in the electrocardiogram detection.

TV and communication:

- Adaptive network connection control;

- Image squeezing and restoration.
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The presented list is far from being complete. Every month mass media report about new
commercial products based on neural networks. So, different equipment which can, for example,
monitor water quality, find plastic bombs in the luggage of passengers, etc., is produced. Investment
banks experts by means of software neuropackage make short-term forecasts of currency fluctua-
tions.

The major commercial hardware products based on neural networks are, and probably in the
near future will be, neuro LSI (large-scale integration circuit). Different types of neuro LSI the
parameters of which often differ by many times are produced. Among them is ETANN model of
Intel. This LSI, made according to Micron Technology, is an implementation of a neural network
with 64 neurons and 10,240 synapses.

Among the cheapest is the model MD 1220 neuro LSI of Micro Devices. This LSI
implements a neural network with 8 neurons and 120 synapses.

Among the currently developed neuro LSI there is a model of Adaptive Solutions (USA) and
Hitachi (Japan). Neuro LSI of Adaptive Solutions is likely to become one of the fastest: the
processing speed is 1.2 billion connections. (Neural network contains 64 neurons and 262,144
synapses). Neuro LSI of Hitachi allows realizing of the neural network with up to 576 neurons.
These neuro LSIs undoubtedly will become the basis for new neuro-computers and specialized
multiprocessor products.

Most of today's neuro-computers are merely a personal computer or workstation, which
include additional neuro-board. These include, for example, a series of FMR computers of Fujitsu.
Such systems have an unquestionable right to exist, because their capacity is sufficient for the
development of new algorithms and solutions of a large number of applications by means of
neuromathematics methods. However, the most interesting are specialized neuro-computers which
immediately implement the principles of the neural network. Typical examples of such systems are
Mark family computers TRW (the first implementation of the perceptron, developed by Rosenblatt,
was called Mark I). Mark III model of TRW is a workstation with up to 15 Motorola processors
with mathematical coprocessors. All processors are connected by a VME bus. The system architec-
ture that supports up to 65,000 virtual processing elements with more than 1 million adjustable con-
nections enables to process up to 450 thousand interconnections. Mark IV is a uniprocessor super-
computer with a pipelined architecture. It supports up to 236 thousand virtual processing elements
that can process up to 5 million interconnects. Mark family PCs have a common modeling environ-
ment ANSE (Artificial Neural System Environment) which provides models software compatibility.
In addition to these models TRW firm offers a Mark II package — a software emulator of the neural
network.

Another interesting model is NETSIM neurocomputer, created by Texas Instruments based on
the development of Cambridge University. Its topology is a three-dimensional lattice of standard
computing nodes based on processors. NETSIM computer is used for modeling of neural network
models such as the Hopfield — Kohonen network and neural network with back-propagation. Its
performance reaches 450 million interconnects.

Computer Recognition Systems (CRS) sells a series of WIZARD / CRS 1000 neuro-compu-
ters for the processing of video images. CRS 1000 model has already found application in industrial
automatic control.

Today, the market offers many models of neurocomputers. In fact, there may be a lot more,
but the most powerful and advanced models are still created on the military orders.
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EAIZIMYXAMEI[OB, M.®., ECJISIMOB, C.T'., MYCTA®A KEMAJIb AKI'FOJIb

HEUWPOHABIK KEJIJVIEPAI KACKAIATAY

Heiiponoulk sceninepdi kackaomay. biprewe nelponovik Mo0yav0epdi bip HelipoOHObIK Jicelice OipiK-
mipyee MymKinoix b6epemin mexnonozusinap oap. Kackaomay npoyedypacet depexmep agbinoapbl OOUbIHULA
HelpoHObIK Jiceninepdi apanacmelpy JcaHe Kepi mapamy Kamenepi yulin apuanean. byn mooynsdix mixeneii
mapamy HceniciH epikmi KYpuliblMbLMeH OKblMY2ad ApHANZAH JHCATNBIIAHRAH 20icmi RAUOANAHY3A MYMKIHOIK
bepedi. Hetiponowix siceninepoi Kackaomayovily MamemMamuKaiblk MoOeni YColHbLAAObL.

Mooynvoepoi kackaomay xesinde HelUpOHObIK JHCENiHi OKbIMY 02aH eHei3ileeH MOOYaboep YliH apmyp-
i 0Ky orcuinikmepimen gicacanyvt Mymkin. ConbiMer Kamap, Makaiadda HeupoHObIK Jiceniiep Hezizinoe ule-
winemin ecenmep KapacmolpolieaH.

Hetiponowix srceninepdiy natioananviizanvii 0anenoey JicoHe HeUpoHObIK diceli ecenmi wieulyi yulin,
ecenmep:

- npobnemanapovl weulyoiy aneopummi Hemece 6eneini npUHYUnmepi HCoxK, OIpax HCemKinikmi Mvlca-
0apoblly JHCUHAKMATLYbIMEH,

- Maceneniy Kipic aknapamulHbly YIKeH KoJeMIiMeH CUNAmmMAanybiMeH,

- Oy ecenmep MOALIMCHI30bIZLIMEH HeMece TWIHAPA Kapama-Katiublibl@blMen epekuleneHyi Kajcem.

Hetiponowix oiceninep Kypolavimovl mamy, oaapowbl Jicikmey, OHMAatianobipy dicane 601cay npooiema-
JApbIH wewy yYulin ome Koaauaosl.

Maxanaunsiy MoHIH QuamoslH co30ep: HEUPOHOBIK JCenilep, KACKaomay, Mooeib, OKblimy, MOOY1boep,
mancoipmanap.

BAMMYXAMEJIOB, M.®., ECJISIMOB, C.I'., MYCTA®A KEMAJIb AKTTOJIb

KACKAJIMPOBAHUE HEHPOHHBIX CETEN

Kackaouposanue uetiponnvix cemeii. Cyujecmsyiom mexHono2uu, no380asiiouue o0beouHsms He-
CKOJILKO HEeUpPOHHbIX MOOYell 8 0OHY HelpoHHYio cemb. IIpoyedypa Kackaouposauus npeoHA3HaueHa Ons
CONPANCEHUS. HEUPOHHBIX Cemell N0 NOMOKAM OAHHBIX U N0 OWUOKAM 0OPAMHO20 PACHPOCIPAaHeHus. Dmo
n0380J15em UCHOb308aAMb 0000UEeHHbLI MemOo0, 0151 00YUeHUs MOOVIbHOU Cemu NPAMO20 PACHPOCMPAHEHUs
¢ npou3sgonvbHol cmpykmypoil. llpugooumesa mamemamuyeckas Mooenb KACKaOUpOB8aHus HEeUPOHHBIX cemell.
Ilpu xackaonom coedunenuu mooynei oOyueHue HeupOHHOU Cemu MONCEM NPOU3BOOUMbC C PA3TUYHBIMU
CKOpocmAMU 00yHeHUs: 05l 8X00uux 8 Hee mMooynel. [laree 6 cmamve npueooamcs 3adayu, peuiaemvie Ha
OCHOG€ HEUPOHHBIX Cemell.

Tpusnakamu, komopvimu 001dCHA 0bradame 3adaud, 4modvl NpUMEHeHUe HeUpOHHbIX cemeti Oblio
ONpaABOano, U HeUPOHHAS cemb MO2la Obl ee Peuums, S6III0MCL:

- omCcymcmeyem aneopumm Ul He U38eCmubl NPUHYUNDBL peueHusl 3a0ay, HO HAKONIEHO 00Cmamoy-
HOe YUCTIO NPUMEPOS;

- npobaema xapaxmepuzyemcs 6oabuuUMU 00vemamu 6Xx00HOU unGopmayulL,

- Oanuvle 3a0a4u HenoIHbL ULU U3OLIMOUHDL, 3aULYMIEHbL, YACMUYHO NPOMUBOPEUUBYL.

Hetipounvie cemu xopouio nooxoosm 0isi pacno3nasanus 006pasos u peuienus 3a0ay Kiaccugurayuu,
ONMUMUZAYUY U RPOSHOZUPOBAHUSL.

Knrouegvie cnosa: netiponnvie cemu, kackaouposauue, Mooeb, 0oyuenue, Mooyau, 3a0a4i.
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