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package WEKA.classifiers.functions;

import lombok.*;

import org.apache.commons.io.output.*;

import org.apache.commons.lang3.time.StopWatch;
import org.deeplearningé4j.*;

import WEKA.classifiers.*;

import WEKA.core.*;

import WEKA.d1l4j.*;

import WEKA.filters.*;

/**
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* A wrapper for Deeplearning4j that can be used to train a multi-

layer perceptron.

*/
@Log4j2
@Data
public class Dl14jMlpClassifier extends RandomizableClassifier
implements BatchPredictor, CapabilitiesHandler,
IterativeClassifier {
/**
* The ID used for serializing this class.
*/
private static final long serialVersionUID = -6363254116597574265L;
/**
* filter: Normalize training data
*/
public static final int FILTER NORMALIZE = 0;
/**
* filter: Standardize training data
*/
public static final int FILTER STANDARDIZE = 1;
/**
* filter: No normalization/standardization
*/
public static final int FILTER NONE = 2;
/* % o
* The filter to apply to the training data
*/

public static final Tag[] TAGS FILTER = {

new Tag (FILTER NORMALIZE, "Normalize training data"),
new Tag (FILTER STANDARDIZE, "Standardize training data"),
new Tag (FILTER NONE, "No normalization/standardization"),

bi
/**
* Filter used to replace missing values.

*/

protected ReplaceMissingValues replaceMissingFilter;

/**

* Filter used to normalize or standardize the data.

*/
protected Filter filter;
/**
* Filter used to convert nominal attributes
attributes.

*/

to binary numeric
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protected NominalToBinary nominalToBinaryFilter;
/**
* ZeroR classifier, just in case we don’t actually have any data
to train a network.

*/
protected ZeroR zeroR;
/**
* The actual neural network model.
*/
protected transient ComputationGraph model;
/**
* The model zoo model.
*/
protected ZooModel zooModel = new CustomNet () ;
/**
* The size of the serialized network model in bytes.
*/
protected long modelSize;
/**
* The layers of the network.
*/
protected transient Layer[] layers = new Layer[] {new
OutputlLayer () };
/xx
* The configuration of the network.
*/
protected NeuralNetConfiguration netConfig = new
NeuralNetConfiguration() ;
/**
* The configuration for early stopping.
*/
protected EarlyStopping earlyStopping = new EarlyStopping() ;
/**
* The number of epochs to perform.
*/

protected int numEpochs = 10;
/** The current upper bound for the number of epochs */

protected int maxEpochs = 0;

/**
* The total number of epochs that have been performed.
*/

protected int numEpochsPerformed;

/** The number of epochs performed in this session of iterating */
protected int numEpochsPerformedThisSession;

/**
* The dataset trainlterator.
*/
protected transient DataSetIterator trainlIterator;
/**
* The training instances (set to null when done() is called).
*/
protected Instances trainData;
/**
* The instance iterator to use.
*/
protected AbstractInstancelterator instancelterator = new

DefaultInstancelterator ()



/**
* Queue size for AsyncDataSetIterator
AsyncDataSetIterator is not used)
*/
protected int queueSize = 0;
/**

initial

* Whether to normalize/standardize/neither
*/
protected int filterType = FILTER STANDARDIZE;
/**
* Coefficient x0 used for normalizing the class
*/
protected double x0 = 0.0;
/**
* Coefficient x1 used for normalizing the class
*/
protected double x1 = 1.0;
/**
* Caching mode to use for loading data
*/
protected CacheMode cacheMode = CacheMode.MEMORY;
/**
* Training listener list

*/

(1f
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protected TrainingListener iterationListener = new EpochListener();

/**
* Flag indicating if initialization is finished.

*/

protected boolean isInitializationFinished = false;

/**
* List of indices to store the label order.
*/

protected int[] labelSortIndex;

/**
* Logging configuration.
*/
protected LogConfiguration logConfig = new LogConfiguration();
/**
* Whether to allow training to continue at a later point after the
* model is built.
*/
protected boolean resume;
/**

* The main method for running this class.
*

* @param argv the command-line arguments
*/

public static void main(String[] argv) {
runClassifier (new D14jMlpClassifier (), argv);

}

/**
/**
* Custom serialization method.
*

* @param oos the object output stream

*/
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private void writeObject (ObjectOutputStream oos) throws IOException

// figure out size of the written network
CountingOutputStream cos = new CountingOutputStream(new
NullOutputStream()) ;
if (isInitializationFinished) {
ModelSerializer.writeModel (model, cos, false);

}

modelSize = cos.getByteCount () ;

// default serialization
oos.defaultWriteObject () ;

// Write layer configurations
String[] layerConfigs = new String[layers.length];
for (int 1 = 0; i < layers.length; i++) {
layerConfigs[i] = layers[i].getClass().getName() + "::" +
WEKA.core.Utils
.joinOptions (layers([i] .getOptions());
}

oos.writeObject (layerConfigs);

// actually write the network
if (isInitializationFinished) {
ModelSerializer.writeModel (model, oos, false);
}
}
/**
* Check if a given layer is a convolutional/subsampling layer
*
* @param layer Layer to check
* @return True if layer is convolutional/subsampling

*/
protected boolean isNDLayer (Layer layer) {
return layer instanceof ConvolutionLayer || layer instanceof
SubsamplinglLayer;
}
/**

* Check 1if layer names are duplicate. If so, correct them by

appending indices
*

* @param layers Array of network layer

*/
protected void fixDuplicatelayerNames (Layer[] layers) {
Set<String> names =
Arrays.stream(layers) .map (Layer: :getLayerName) .collect (Collectors.toSet ());
for (String name : names) {

// Find duplicates with the same name
List<Layer> duplicates =
Arrays.stream(layers)
.filter (1l -> name.equals(l.getLayerName ()))
.collect (Collectors.toList()):;

// If no duplicates were found, continue
if (duplicates.size() == 1) {
continue;
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}

// For each duplicate add an index
for (int 1 = 0; i < duplicates.size(); i++) {
duplicates.get (i) .setLayerName (name + " " + (i + 1));
}
}
}
/**
* Store the label sort index for mapping WEKA-labels to resorted
dl4j-labels.

*

* @param data Input data

*/
protected void savelabelSortIndex (Instances data) {
if (data.classAttribute () .isNominal ()) {

// Save Label order as DL4J automatically sorts them

List<String> labels = new ArrayList<>();

int numClassValues = data.classAttribute () .numValues();

for (int 1 = 0; 1 < numClassValues; i++) {
labels.add(data.classAttribute () .value(i));

}

List<String> labelsSorted = new ArrayList<>(labels);

Collections.sort (labelsSorted) ;

labelSortIndex = new int[numClassValues];

for (int i = 0; 1 < numClassValues; i++) {
String label = labels.get(i);
int sortedIndex = labelsSorted.indexOf (label) ;
labelSortIndex[i] = sortedIndex;

}
/*‘k

* Initialize early stopping with the given data
*

* @param data Data

* (@dreturn Augmented data - if early stopping applies, return train
set without validation set
*/
protected Instances initEarlyStopping(Instances data) throws

Exception {
// Split train/validation
double valSplit = earlyStopping.getValidationSetPercentage();
Instances trainData;
Instances valData;

if (useEarlyStopping()) {
// Split in train and validation
Instances[] insts = splitTrainVal (data, valSplit);
trainData = insts[0];
valData = insts[1];
validateSplit (trainData, valData);
DataSetlIterator vallterator = getDataSetIterator(valData,

cacheMode, "val");
earlyStopping.init(vallterator);
} else {
// Keep the full data
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trainData = data;

return trainData;

f——;

~
*

% o X X X X

~

Validate a data split of train and validation data

@param trainData Training data
@param valData Validation data
@throws WEKAException Invalid validation split

protected wvoid validateSplit(Instances trainData, Instances
valData) throws WEKAException {
if (earlyStopping.getValidationSetPercentage () < 10e-8) {
// Use no validation set at all
return;
1
int classIndex = trainData.classIndex();
int valDataNumDinstinctClassValues =
valData.numDistinctValues (classIndex) ;
int trainDataNumDistinctClassValues =
trainData.numDistinctValues (classIndex) ;
if (trainData.numClasses() > 1
&& valDataNumDinstinctClassValues =
trainDataNumDistinctClassValues) {
throw new InvalidValidationPercentageException (
"The validation data did not contain the same classes as
the training data. "
+ "You should increase the validation percentage in the
FarlyStopping configuration.™);
1
}
/**
* Apply WEKA filter preprocessing to the input data.
*
* (@param data Data as WEKA instances
* @return Preprocessed instances
* @throws Exception Preprocessing failed
*/
protected Instances preProcessInput (Instances data) throws
Exception {
// Remove instances with missing class and check that instances
and
// predictor attributes remain.
data = new Instances (data);
data.deleteWithMissingClass () ;
zeroR = null;
int numSamples = data.numInstances();
if (numSamples == 0 || data.numAttributes() < 2) {
zeroR = new ZeroR();
zeroR.buildClassifier (data);
return null;

}

// Retrieve two different class values used to determine filter
// transformation



double y0 = data.instance (0) .classValue();
int index = 1;
while (index < numSamples && data.instance (index) .classValue () ==
v0) |
index++;
}
if (index == numSamples) {

// degenerate case, all class values are equal
// we don’t want to deal with this, too much hassle
throw new Exception (
"All class values are the same. At least two class wvalues
should be different"):;
}

double yl = data.instance (index) .classValue () ;

// Init and apply the filters
data = 1nitFilters (data);

double z0 = data.instance(0).classValue ()

double z1 = data.instance(index) .classValue() ;

x1l = (y0 - yl1) / (z0 - z1); // no division by zero, since y0 !=
yal

// guaranteed => z0 != z1 227

x0 = (y0 - x1 * z0); // =yl - x1 * z1

// Randomize the data, just in case
Random rand = new Random(getSeed());
data.randomize (rand) ;

return data;

}
/%%

* Initialize {@link ReplaceMissingValues}, {@link NominalToBinary}
and {@link Standardize} or
{@link Normalize} filters

@param data Input data to set the input formal of the filters
@return Transformed data

@throws Exception Filter can not be initialized

/

protected Instances initFilters (Instances data) throws Exception {
// Replace missing values

replaceMissingFilter = new ReplaceMissingValues () ;
replaceMissingFilter.setInputFormat (data) ;

data = Filter.useFilter (data, replaceMissingFilter);

% K ok ok ok

// Replace nominal attributes by binary numeric attributes.
nominalToBinaryFilter = new NominalToBinary () ;
nominalToBinaryFilter.setInputFormat (data);

data = Filter.useFilter (data, nominalToBinaryFilter);

// Standardize or normalize (as requested), including the class

if (filterType == FILTER_STANDARDIZE) {
filter = new Standardize () ;
filter.setOptions (new String[]{"-unset-class-temporarily"});
filter.setInputFormat (data) ;
data = Filter.useFilter (data, filter);
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} else if (filterType == FILTER NORMALIZE) {
filter = new Normalize ()
filter.setOptions (new String[]{"-unset-class-temporarily"});
filter.setInputFormat (data) ;
data = Filter.useFilter (data, filter);
} else {
filter = null;
}

return data;

}
/‘k‘k

* Build the multilayer network defined by the networkconfiguration
and the list of layers.
*/
protected void createModel () throws Exception {
final INDArray features = getFirstBatchFeatures (trainData);
ComputationGraphConfiguration.GraphBuilder gb =
netConfig.builder () .seed(getSeed()) .graphBuilder () ;

// Set ouput size

final Layer lastlLayer = layers[layers.length - 1];

final int nOut = trainData.numClasses|():;

if (lastLayer instanceof FeedForwardLayer) {
((FeedForwardLayer) lastlLayer) .setNOut (nOut) ;

if (getInstancelterator () instanceof
CnnTextEmbeddingInstancelterator) {
makeCnnTextLayerSetup (gb) ;
} else {
makeDefaultLayerSetup (gb) ;
}

gb.setInputTypes (InputType.inferInputType (features));

ComputationGraphConfiguration conf =
gb.pretrain(false) .backprop (true) .build() ;
ComputationGraph model = new ComputationGraph (conf) ;

model.init () ;
this.model = model;

}
/**

* Returns the activations at a certain
*
* @param layerName Layer name to get the activations from
* @return Activations in form of instances
*/
public Instances getActivationsAtLayer (String layerName, Instances
input) throws Exception {
DataSetIterator iter = getDataSetIterator (input):;
iter.reset ();
DataSet next;
INDArray acts = null;
while (iter.hasNext()) {
next = iter.next();
INDArray features = next.getFeatures():;
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int layerIdx = model.getlLayer (layerName) .getIndex () - 1;
Map<String, INDArray> activations = model.feedForward(features,

layerIdx, false);

INDArray activationAtLayer = activations.get (layerName) ;

if (acts == null) {
acts = activationAtlLayer;
} else {
acts = Nd4j.concat (0, acts, activationAtLayer):;
}
1
if (acts == null) {
return new Instances (input, 0);
} else {
return Utils.ndArrayTolInstances (acts);
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[NocnigxeHHA MeTOAIE aganTHBHOrO

TECTYBaHHA 3HaHb
B AUCTaHUiAHIA OCBITI

KepisHuk, npod. locTak |.B.
Bukonas. cr.rp IM3m-18-4 Jlawwk B.A.

O06'eKT JocnigkeHHS

TpOLeC KOHTPOIIO 3HAHD V JHCTAHINAHIA (OpM1 HABIAHHA

+  [IWT3HHA KOMM'KITEPHOTO KOHTPOMK HENOCTATHRO WMPOKD OCBITNEH] B
TEOPETHYHOMY MN3HI, | IHTEPEC A0 MK 333BMYaN peaniayeTkcA B GinbLocTi
BANANKIB (WNAXOM CTBOPEHHA YEProBOT NPOrPAMK KOMITKITEPHOM KOHTPONK i3

333anerids CKnageHdM HaGopoM KOHTPONLHX 33B0aHE.

+  33cofy ananTMBHOTO TECTYBAHHA HELOCTATHLO OCBITNEHI W npopobineH
HENOCTATHE0 NPO3oPO.
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MeTa poboTi

NiNBWILEHHA edeKTHBHOCTI KOHTPOMNK 3HAHL CYO'EKTIE HABYAHHA NpK

MVCTAHLIAHIA DOpMi HABYAHHA 33 PAXYHOK 33CTOCYBAHHA ANanTHBHNX
METOMIB KOMMIOTEPHOIO TRCTYBAHHA.

[InA QOCATHEHHA METH HeoDXiOHO PO3B'A3ATH HACTYMHI 3BIAHHA.

* MPOBECTM AHAMI3 CYJACHOro CTaHy NpoGnemm KOHTPOMK 3HaHL ¥
NVCTAHLIAHIA DOpMi HABYAHHR

* MPOBECTH AHAMIA ICHYKOUMK CHCTEM KOMM KTEPHOTD TECTYBAHHA;

»  po3pOGUTY 3NaNTHEHWA METOL KOHTPOMK 3HaHe CyG'EkTIB HaBYaHHA ¥
NVCTAHLIAHIA DOpMi HABYAHHR

*  po3polMTM NPOTOTHN NporpamMHoro 3afeaneyeHHA ANA afanTMEHOM
TECTYBAHHA B AWCTAHLIAHOMY HaBYaHHI

Peaniza Lin By E05TPON Haks

KoHTpONKK0Ya QYHKWA NONATAE | BHABNEHH CTaHY 34 aHs | BMME \UHIZ, DEHR [N pO3ENTEY,
BMEuEs CTYMEHA J30E05HHR NOVIMEHE MM 33aNsH0T [ AMLHOCT, Ha3 0K paLjiosanssol
HaEVAN5H0T npayl.

Hag4ankHa HyHKWR Ko8TEOND NONARSE 8 YNOCHOHANKEaHE HaMs | BMME, 1 CHOTEMaTHI U
TiarwocTwyni dyHKwi wosTpona - onepsasks Bhopyal| npo noswn, senonio @ npofing y
JHAMHAY | SMIHHRY YUHIE T NDRYHKEN, WO 1% NORONEYHTS, YTEYNHSH: WUHIE B O30NoTHEI
HABUANEHIM MATEPGENOM , NED YHEND NOMKNGE.

MpOrHOETHYHE QYHKLIR NEpE AR CITYRNTE O SpHaH 60 SHNE DEIR ANsH0T HHop Maw i npo
H3EYANEHO-H 0B NOLE.

Pozeneatoa dyHKLIR NONAREE 8 CTHMYNKE3H M3 333NaH0| 3HTHEHOCT) WHIE, Y DOIRNTRY I
TROpUH Y 30ibHoTeR,

KoHTponE, WO OPIERTYE, - OfEpEaKHA MEOODM AL NP0 CTYMMS DOCRTHERHR METH HAZY3HER
CADEMAM WHEM | TDVN0N B LANOMY - HackNsa 33002 | R D0 D BHEYE Y Haguan s
MaTEDaN.

PyHELR KOHTPONK, WO BHXOBYE, NONATAE | SKX0A3HHI B WHIE BINNOINANEHOND BIHOWE 4R 10
HEEYEHH A, [WCLRNTEE, 30YPaTHOCT], YECHOCTL,
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ALlanTUBHWN TECTOBUW KOHTPONb

Komn T2 pHa08aka CHOTEME HayRoan of T o3a0l Nepe Sinn! H DU PE3YM5TATIE HAZUAHHE, WO
M3E BHCORY SISETHEHICT: 33 PEXYHOL O AL NPOYSLYD resepayil Npen RENe A | OuiH
DEIVNSTATIE BHEDHAKKR 30 ATTHEK I TECTI,

EdpesmiaHicT HOHT PONSK 0-0U HEN NPOUSRYP MIDSHLYETRCR MW BMD prcTanH | Bar aTorpoacas|
cTpaTeni aigfopy i NpEn RANE KR 338 aHs, ACH0EAH0! K3 ANMODHTME X 3 NOBH00 KOHTEICTHOND
JANERHICTR, Y AAX YEETo3e Kpox 3inGVEaETa0R TiNeM NICIR OUIHH P23 N5TaTIE BHE0H 355

nonep enHs0ro Kpoay (360 Kposa).

OcobNHBOCTI 30anTHEHOMD TECTVBARHE:

o 330nme BNl MHyMED ¥ TOMHO BHMIDAIEATH 3HaHR THX, €070 HaguadTsy

[0 330MAE BHMIDABATH 33 KR MEHILOK KNG0T 3380aHs, HOE B RNAGHYHE MO GEMT;

BHRENAE TeMK, R CyT BT HABUAKHR IHAE NOTEH0 | CHCTEME DOIBCNAE 330ATH N0 HILX HIEEY

[0 BATEOBHD T 3He;

333[ENENs HeainoMD, CENLm MHT a4 HeoDXNHO 330aTH TOMY, KOr0 TECTYTs, WOD BHaHauIT #Oro
DEEHE Ak,

RELLD MAT 3Hs, 33ENA0EHI Y CHOTEMY TECTYBAMH R, BMABNAETLCR HENOCTATHED, MOHHA NEpEpaaTH
TECTYBAHHR W OUIH0B3TY [R3YNTAT N0 TR KNBR0CT] MATaMs, K3 ALY SIDN0SE TOH, K070 HABW3TE,
MOETHE & 330TOCYBaHHA TN Ha TTK.



B3acMonin MOZenei i NpoLecis aganTHBHOT KOMN'OTEPH3IOBAHOT CHCTEMN
HABYAHHA | TECTYBAHHA

launy vma rwa [
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WIERCEHHT WiHy Pre—

MocTaHoBKa 3aday AoCNiQXeHHN

Kownnescsa wogens aganmuasol KEHT noassixa samovami:
CEMIHTHUHY MODENs HABYANSHIMD BYELY;
MO DENE THX, BO70 HABYAKTS;
M0 02N OPF 34033 14 NDOYSCY HABUaHHR f TECTVBAHHR 343 M THE, K070 Haguas Ts.

MpemweTsa obnacTs KAEWaMeHGT DRCLINEK, MPSACT 38NEHE MODENTED 3HaHy HABYANLHIN MATERENE,

¥ REDCTI MODEN] MaKs NP0 CTRYETYEY Hagyansxoro matepiany KCHT obpasa cemasmiisa mepesa, AEa
MICTHT: BiQoMOCTI NP NOKATTA nNpeAmeTHol OBN3cT  HasuaneHol [MCUWIMHW, npo e
B33EM033 AN, CEN3IHICT: OHDE MM MOHATS.

Mig MeTomMuEIM MaTEpiancy pO3YMEITE CYRYNHICTE M OPMaLl, WO MICTHT. 3HAHHA NPO NI, GopMK,
METOOH W 330003K HABUARHA | DAUSHHR HIGYANLH0-3HX08HMX 33836 .

Mopene cyf'eima HaauasHR, SMDAUYE 33B03HHA OTWCY MONEPEOHY Made THX, HOTO HaSWasTh, Npd
HIBYANEHW KPS 1 1% MOWSIDVANEHD OCODWOTIHMY XapasTepwocTHE | MICTHT: DOCHTE Noaky
mpopuaio

Anrcpwma migbopy W NpeD RENEHHA 33B0aMs DYOVETRCA 33 NpWHLWIOM 3B0DOTHOTD 33 Ry, EONW NP
NpasdNe Binnosin awnpofyeasono yeproe 3aafaswsn awdupacTecs GiNsl samews, 3 HegipHa
BINOEGE CNDWMMHRE NDED RENEHHA HAcTynworo GNeW Nemoro 3BNaHHA, HE T8, Ha AEe
aunprGysassm Gyna faxa #eaipHa signoaigs.

TasMm YoM, ¥ 0 i TecTyEauns KCHT T o] IEHA 3HAHL cyh'ekTa HABYaHHA.



Mogent gucumnninm Ha basi ceMaHTHYHHX Mepex

* Mopgens Hag4anLHoro
KypCy Ha Gasi cemanTHuHOi
MEDEXI peanizye
80anTHBHe
NpencTaBneHHsA
iHdhopmaLyi 8 Gasi
HEBYANEHO! AHCLMMTIHK.

Maopens BukoprCTOBYE
CTPOTHI CHOPMETHIH
anapar CeManTHHIX
MEPEX, LU0 [o3BOMAE
ABTOMATHIYBATH PiLLEHHA
(p03pOGUTH anropuTM)
HH3KM CYHOEMEHTANBHIX
33833Hb HAB4AMBHOMD -

[

MpOUECY

Mogent cyb'ekTa Hag4aHHA

MOBWHHA MICTUTK B CODI IHopMaLlik:

* TIPO METY HaBYAHHA;

Tr sl e 1 g
[,

L

CUREE

e

* TPO 3HaHHA TOTO, AKOTO HABYAKTE, Y PaMKaX AOCTITHYBAHOMD KypCy

(NOTOYHAIA CTaH NPOLECY HABYAHHA ),
v Mp0 ocoBNMBOCTI NOAAYI HABYANEHI MATEpianie | BUGORY KOHTPONEHIK

33B0aHL | MUTaHb;
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* TPO NPABHNA MY MOAENI TOMD, AKOID HABYAKTL, 33 Ppe3ynLTaTaMy poboTv 3

THM, VX HABYAKITS .

Mopeni cy0'ekTa HABYUAHHR, MOXYTL OyTW poanineH Ha OBl OCHOBHI TRYNM
thikcytoui it iMiTALiRHI. Dikcyioul, ¥ CBOK Yepry, BRNKNAKTE CRaNAPHI,
OBEPNEAH] (BEKTOPHI i MepesHi) | reHeTHuH madu. [lo iMITaUiHI MoXHa

BiOHECTI MOZEN! OOMEREHE, NOMANOK | (anLW-Npaenn



[lipamigansHa Moent afanTHBHOTO TeCTYBaHHA

Cmadii

meemyoann 1 2 3
Bidnoaid|
niddecnidnoze

+ 4

Cxema npoxogxeHHA
3aBflaHb NpH NOCTIMHIN
apantauii

FipeHE cHMamMEocTi

1 4 %4 %6 7 3910
Howmep NHTaHKS

PiesHEe cEnaoHScTi

10

Cxema npoxomkeHHA
3aBflaHb npH DnokoBiK
apantauii

12 3 4587891
Houep MHTaHKA

11
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PilweHHs uiei gunemu

v PE3NIZALIA ANrOpUTMY 3 MOXTMMBICTI) NOBEDHEHHA Ha3aM, ANA Toro Wof
MONINLWTIA HACTYTHI PiLUEHHR;

v Peanizallin MapLUOBOTO aNTOPMTMY, AKMH G BaXOBYR3B HACTITKM MPHAHATIX
¥ MaHGYTHEOMY piLLEHs.

B 37aWBHOMY TECTYBaHHI BIACTEXEHHA Y 380POTHOMY NOPALKY HEMOKIIMBD,
aIrOpHTM 33CTOCOB)ETECA B MACLLTA0I peanHoro yacy it nonepeaHin Budip
He Mo GyTi BiOMiHHIA,

TaKWM YHOM, 33ANWLAETLCA TINbKN OIHA MOXTIMBICTL: BUKOPWCTORYBATH
aropiTH, RKW Wopa3 BNOVPaE HOBE 3aBaHHA.

Lle HOBMI KNaC anropinTMie

12

Onisd meTony poBoTH CHOTEMH 30aNTHEKOMD TECTYEBaHHA

Cam aNropWT A anTHEH oo TECTYEaHH A NOBWHEH MaTH Ha KOEH MY Kpoyl (NpW nepexog Big ogHonD
ABNAHHA D0 MWD ) MARSIMANEHY HEODMATHEHICTE (TOOTO HADAB3TH MaRtueys B opaa i npo
INATHOCTI CTYMEKTA K3 OOHE 33M3HE MHT3HHR).

¥ ToM M2 4ac, He MONME NOBKICTH BIMOBNATACR 810 0B Ny cyf eamams iy BNaCTHBOCTEN CTYDEHT 3,
AE] W0R T BMDAATACR B KD O3MHHI DUSEHDHO MOCTAZNSHOTD T aHHA 300 3380 a8HA,

CROTEME TEOTIA & ZaMEHEH0H 3 Dod M nl Mapaoaon mepes, To0T0 REWD NUTaxHR (poxoaxne abo

[onaTEoae) REnAe cobow CTaH 3, W0 Mae MMoSipHicTs nepefyaassn B Hil cucTeMu Pisi), To
CyMapHa IMoaipHicTs PY nepefyaarsm cuoTewm B 5 TOTORMO BH3HIU3ETRER AL

P%=2 P(si)=1;

13



MoaudikoBaH1Mi anropuT™M aganTUBHOro TECTYBaHHA
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Kpauptvw ¢ nigxonm, wo ¥ ey
33cH0aakI il
Ha Enac GaraTooT mHYa oTry
WMETOME 30 ANTHBHOM TECTYEaHHA,
Rl & SETHEHO NIDTEHM TS

HOMNNSXCHY MONENE A7 ANTHEH D ©

MonenteaHHA piBHOMIPHOro po3noainy nuTaHb

Obpaxa mogent NpencTasnNeHHA TECTOBMX 38638Hb i3 BUKDPMCTaHHAM QOOATROBMX
MUTaHL Ha OCHOBI Mepex Mapkosa, Mo e 3a083NeyUTH BHPILLEHHA NPOTHRIYYA MiX
ANEXBATHOK) CTATUCTHHHOH OLIHKDHD 3HaHE | BMHb BunpoGyBsaHoro W oBpaxoro MeTomy,
32CHOBAHOM HA NPHHLIMN MAKCHMYMY IHDOpPMATHBHOCTI

Kpow1. BuaxauaeTsor SUNafE0as WiNe YKCND, Wo BiNN0aINae 3 38N ansHoMy aMnangy mpoy n-1
(moamayeHs Wiy, BIONo3IoHY 0o Usoro yeena AxWn-1).
JnaversR Wn-1 seomeTsoR Ha moncTamTy k11 DNWTeCR Ha bWy yiny goscTasTy p., Tobmo Wn-1:

Wn = k1* Wn-1(mod p).
Janawo i pOINOEINY & LKL YKCNOM, ke BRDHMDIETLCR B RECCTI BUNANKDEON0 UNOMD Ha Kpoyi n

MpwsisiaTa asoTawis Beanui numase ofyMoanesa signoginHicnd NpeNoT 38Ne H HyMepayl Macksia g
ofipasit (C++) MoBi Nporpasyaas.

Kpok2.Mepegipea, W =2  moyo W< o W =2

Kpok 3. 3gwcseTach nepeansades R Wn = Wn-1 inepexin oo wpony 1, v ewnany, Aouo ue 33
REAM 0 MpH N HaM K pe0 BigHo, Hamwe — a0 suessn pobote,

Pexomexnoaane mavesws P= BB k =470 001,
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Peanizauia mogudikosaHoro anroputMy BHbOpY TECTOBHX 3aBaHb

T Mirantae i

16
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[iarpama knacig
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[liarpamMa nocnigoBHocTeEN
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IHTepchenc npoekToBaHoro npototuny M3

 Hae2 MDY SAH N

Mobynoea Mepexi 33B0aHE i3
OOOATEOBMMK MATAHHAMK
30IMCHIDETECA po3pobneH M
M3 cTOXacTMYHWMM cnocobom,
TOGTO NpUMyCKaE
O0CNIQ¥EHHA PilLeHE HE
Deaniyi BMNaOKoBO
NoGYI0B3IHMK CEMAHTMYHMX
MEpEeR, Lo NiAKOPRIDTLCA
NpaBunaM Mepex Mapkoea:
MEpE¥E NOBWHHA OYTH
3AMKHEHA, HE MaTK TYMHKOBKUX
CTaHIB | BW3Ha4aTW Habip
MOBHWX CTAHIE CUCTEMM. 21

['padhik piBHIB NigroToBKH BUNpODYBAHOTO Bif aBTOPHTAPHOTO OO
NATEHTHOTD 3 BUKOPUCTAHHAM O00aTKOBKX NWTaHb | De3 nonaTkoB X
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ExpanHa dpopma NpaKk TMYHOro pe3ynbTaTy anpokcumail dyHKLil yenixy Bin
NOTITY CKNAAHOCTI OOHOTO BMNPOBYBAHOTO W eKCNepHMEHTANLHI OaHi
poBOTH Nporpami.

23

BUCHOBKW

B peayNLTaTl B0 akKR MaNCTEpoRRDl pODOTH NOKA3aH0 NEQE BT 3ANDONOHORAH0TD METORY
nofynoas 3 aganTeasoro TecTyBaxMR Ha el mepex Mapeoaa 3enewvextamm wepes MeTpi npw
BHEOQ WOT M EOHU BN T COHOBHMY | D03 RSN NHTAHS,

o Plaswus 8 DEHAY CHNARKOCT] OCHOBHIY | GO SET RO MHTaHs | ANRCHOBHMH 38 RI06 MK 0CHOZHM MW
I MMM 30 DATHOSHE MIUT 34k NO3B0NAE 3 NEOUSE TECTYBIHHRA RE M HINE VBATH NS Mo fuipHu
BIONDBINEH THX, KOTO HAZUADTE, QR BHIHVEHR DEHF % 3a8s, TAK1 CYTTEE0 NoNinLMTH
a0aNTawi BNaCTHEOCTI TECTYEAHHA.

Pe3yNLTaT N0 BUEDDHCTARK KD 333HAUEHD! METONHEM CTOCOBHD 00 J-X NaQaMeTDedK0| Mogen
TecTyeassA [ PaWa posi, Wo anpoKckMay R oy Rl yonizy, Wo NpHNYCEIE BHIHaUSHHR |TOMHERY
JHAYUS HE QRCEDAME 3TODIE 3380380 WIRNOM DAUSHSR 3330344 R ONTRMI3 AL NpH BRN0pD T axsl
BINOMX ANTCPHTMIE BH3HAYAND DiNbLUI BHTDATH MaILMHHOND Yaoy.

v JACTOCYEAHKR 3ANDONCHOBARNE ANMDDHTMIE & eeamiasms AnA By oe- R obcaria | e
BM3CTHAOCTEN, W0 BHIHAY 30T, TECTYBAHHA RE NpOUES

24
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BUCHOBKW (npopoxerts)

EACNEDHMEHT ANoHe NI TBEDNHEHKR 33 CHOBAHE KA MHOKIHI TECTORIX 3380 3Hs, 10 MITYIT: M08y
MO82 DEHHA TECTYRARHA NDH D3RI BHXDHID D35 NP0 ANI0 DK BNaCTHE0CTI M ymw oy eamia
TECT|BaHHE,

+ Craopeso nporpamse sabemneus s, W0 33083n2yyE NOCTAR0BEY YKCEMEHOTD BICNEDIMERTY K3
MOENRY TECT|BaHHA,

Poapofines 13 npoTecToaa«0 Ka Npe JWeT NDBUEINATHOCTI H DRLIEHS NLTABNEHIND 38034,
TECT|B3HH R NDOB0OATIONR K3 H0KTDONGHIG IDHANGNEN 3 INKDNTHY ¥ EDEN | NORA3ND RODRATHY
npayesnaacTs poapobnesoro N3,

Ha nieTasi NpoR eness A ME0eaN08aH Y S TECTIE MOXXa 300 By BRcwoa0e, Wo cTaopew

MpGTOTAN BIMODKE B0] (L, 3334aues y BuiOHe Saknt a pozpofiy i Binoaigas BoM
M0 RENEHIM 00 K070 BHMOTAM,

25
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JIOJIATOK B

Anpo0ariist pe3yapTaTiB poOOTH
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[Tomano Te3u momnoBial Ha MiskHapoaHH MoJoDKHUN hopyM «PagioenekTpoHika i

moioab B XXI cropivui

JOCLTAEHHA METOJIE A JATHEHOT O TECTVBAHHA
3HAHB B JHCTAHIIEHIH OCBITI

Jennm: B
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