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ДОДАТОК А 

Графічний матеріал атестаційної роботи 
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ДОДАТОК Б 

Програмний код реалізації нейромережевих моделей 

 

 

Б.1 Клас Layer для реалізації оболонки нейронної мережі 

 

package neural; 

import java.io.Serializable; 

public class Layer implements Serializable 

{ 

Math m; 

boolean bLast = false; double dMaxNum; 

int LSize; 

int prevLSize; int MtxSize; double[] Bias; double[] Weights; double[] 

Outputs; 

 

public Layer (int CurSize, int PrevSize) 

{ 

LSize = CurSize; prevLSize = PrevSize; MtxSize = LSize*prevLSize; 

Bias = new double[LSize]; Weights = new double[MtxSize]; Outputs

 = new double[LSize]; 

} 

 

void Run (double[] prevOut) 

{ 

int Index = 0; double dTmp; 

for (int i=0; i<LSize; i++) 

{ 

dTmp = Bias[i]; 

for (int j=0; j<prevLSize; j++) 

{ 

dTmp += prevOut[j]*Weights[Index]; 

++Index; 

} 

  

 

dLastFunction(dTmp); 

 

} 

} 

  

if (bLast) Outputs[i] = 

 

else Outputs[i] = dTrFuntion(dTmp); 

  

 

double dTrFuntion (double X) 

{ 

if (40.0<X) return 1.0; 

if (X<-40.0) return 0.0; return 1.0/(1.0 + m.exp(-X)); 

} 

double dLastFunction (double X) 

{ 

if (dMaxNum/2<X) return dMaxNum; if (X<-dMaxNum/2) return 0.0; return 

X+dMaxNum/2; 

} 

} 
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Б.2 Клас TestNeural для реалізації тестування мережі 

 

package neural; 

 

import java.io.*; 

import java.util.Properties; import java.io.Serializable; 

 

public class TestNeural implements Serializable 

{ 

Layer[] Layers; int LNum; 

double pdWeights[]; 

public boolean CanRun = false; String NetFileName; 

String ParFileName; 

 

public TestNeural (String Path) throws IOException 

{ 

ParFileName = Path + ".par"; NetFileName = Path + ".net"; 

System.out.println("PATH1: " + ParFileName); System.out.println("PATH2: 

" + NetFileName); 

ReadArch(); 

CanRun = ReadNet(); SetWeights(); 

} 

 

void ReadArch () throws IOException 

{ 

String myString; 

Properties props = System.getProperties(); InputStream is; 

int Arch[] = new int[4]; 

is = new FileInputStream(ParFileName); props.load(is); 

LNum = 

(Integer.valueOf((String)props.get("train.parameters.0"))).intValu e(); 

Layers = new Layer[LNum]; Arch[0] = 

(Integer.valueOf((String)props.get("train.parameters.1"))).intValu e(); 

Arch[1]= 

(Integer.valueOf((String)props.get("train.parameters.2"))).intValue(); 

Arch[2] = 

(Integer.valueOf((String)props.get("train.parameters.3"))).intValu e(); 

Arch[3] = 

(Integer.valueOf((String)props.get("train.parameters.4"))).intValu e(); 

int iNNum = 0; switch (LNum) 

{ 

  

 

(Arch[iNNum+1],Arch[iNNum]); 

 

++iNNum; (Arch[iNNum+1],Arch[iNNum]); 

++iNNum; (Arch[iNNum+1],Arch[iNNum]); Layers[0].bLast = true; 

  

case 3: Layers[2] = new Layer 

 

 

case 2: Layers[1] = new Layer 

 

 

case 1: Layers[0] = new Layer 

  

Layers[0].dMaxNum = 

(Double.valueOf((String)props.get("train.parameters.12"))).doubleV alue(); 

 

break; 

} 

iNNum = 0; 
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for (int i=0; i<LNum; i++) iNNum += Layers[i].MtxSize + Layers[i].LSize; 

pdWeights = new double[iNNum]; 

} 

 

boolean ReadNet () throws IOException 

{ 

double[] WTmp; 

File FNet = new File (NetFileName); if (FNet.exists()) 

{ 

try 

{ 

ObjectInputStream OS = new 

ObjectInputStream(new FileInputStream(FNet)); 

WTmp = (double[])OS.readObject(); if (WTmp.length != 

  

pdWeights.length) return false; pdWeights[i] = WTmp[i]; 

} 

  

 

for (int i=0; i<WTmp.length; i++) OS.close(); 

  

 

false; } 

  

catch (ClassNotFoundException e) { return 

 

catch (EOFException e) { return false; } 

return true; 

} 

else return false; 

} 

 

void SetWeights () 

{ 

int Seek = 0; 

for (int j=LNum-1; 0<=j; j--) 

{ 

for (int i=0; i<Layers[j].LSize; i++) Layers[j].Bias[i] = 

pdWeights[Seek+i]; 

Seek += Layers[j].LSize; 

for (int i=0; i<Layers[j].MtxSize; i++) Layers[j].Weights[i] = 

pdWeights[Seek+i]; 

Seek += Layers[j].MtxSize; 

} 

} 

 

public int Test (double[] dpInp) 

{ 

Layers[LNum-1].Run (dpInp); 

for (int i=LNum-1; 0<i; i--) Layers[i- 1].Run(Layers[i].Outputs); 

return (int)(Layers[0].Outputs[0] + 0.5); 

} 

} 

 

Б.3 Клас TrainNeural для реалізації навчання нейронної мережі 

 

package neural; 

 

import java.io.*; 

import java.util.Properties; 
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public class TrainNeural extends TestNeural 

{ 

Math m; 

int iRecordLength = 0; int iRecordsNumber = 0; double pdInputBuffer[]; 

double pdInput[]; 

int piClass[]; 

int StopFlag = 5500000; 

long lCheckPoint 

int lNumOfPoints; double dTrFactor; double dOffset; 

 

double LC[] = new double[3]; double MC[] = new double[3]; 

double MBias[][] = new double[3][]; double Moments[][] = new 

double[3][]; double Errors[][] = new double[3][]; 

 

 

public TrainNeural (String Path) throws IOException 

{ 

super(Path); ReadParameters(); ReadData (Path + ".trn"); 

} 

 

void ReadParameters () 

{ 

String myString; 

Properties props = System.getProperties(); InputStream is; 

try 

{ 

is = new FileInputStream(ParFileName); props.load(is); 

switch (LNum) 

{ 

case 3: LC[1]= 

(Double.valueOf((String)props.get("train.parameters.6"))).doubleVa lue(); 

MC[1]= 

(Double.valueOf((String)props.get("train.parameters.9"))).doubleVa 

lue(); 

 

LC[2]= 

(Double.valueOf((String)props.get("train.parameters.5"))).doubleVa 

lue(); 

MC[2]= 

(Double.valueOf((String)props.get("train.parameters.8"))).doubleVa 

lue(); 

 

break; 

case 2: LC[1]= 

(Double.valueOf((String)props.get("train.parameters.5"))).doubleVa lue(); 

MC[1]= 

(Double.valueOf((String)props.get("train.parameters.8"))).doubleVa 

lue(); 

} LC[0]= 

(Double.valueOf((String)props.get("train.parameters.7"))).doubleVa 

lue(); 

MC[0]= 

(Double.valueOf((String)props.get("train.parameters.10"))).doubleV 

alue(); 

lCheckPoint = 

(Long.valueOf((String)props.get("train.parameters.14"))).longValue (); 

dTrFactor

 =(Double.valueOf((String)props.get("train.parameters.13"))).doubleV 

alue(); 

dOffset = 

(Double.valueOf((String)props.get("train.parameters.16"))).doubleV 

alue(); 

lNumOfPoints= 
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(Integer.valueOf((String)props.get("train.parameters.15"))).intVal ue(); 

StopFlag = 

(Integer.valueOf((String)props.get("train.parameters.17"))).intVal ue(); 

 

Rand((Double.valueOf((String)props.get("train.parameters.11"))).do 

ubleValue()); 

SetWeights(); 

for (int i=0; i<LNum; i++) 

{ 

MBias[i] = new 

double[Layers[i].LSize]; 

Moments[i] = new double[Layers[i].MtxSize]; Errors[i] = new 

double[Layers[i].LSize]; 

} 

} 

catch(Exception ex) 

{ 

ex.printStackTrace(); 

} 

} 

 

void Rand (double Range) 

{ 

for (int i=0; i<pdWeights.length; i++) pdWeights[i] = 

Range*(2.0*m.random() - 1.0); 

} 

 

void GetWeights () 

{ 

int Seek = 0; 

for (int j=LNum-1; 0<=j; j--) 

{ 

for (int i=0; i<Layers[j].LSize; i++) pdWeights[Seek+i] = 

Layers[j].Bias[i]; 

Seek += Layers[j].LSize; 

for (int i=0; i<Layers[j].MtxSize; i++) pdWeights[Seek+i] = 

Layers[j].Weights[i]; 

Seek += Layers[j].MtxSize; 

} 

} 

 

boolean ReadData (String datFile) throws IOException 

{ 

String myString; int i, iIndex = 0; 

File FDat = new File (datFile); double[] buf; 

iRecordsNumber = 0; 

if (!FDat.exists()) return false; 

 

BufferedReader in = new BufferedReader(new InputStreamReader 

 

(new DataInputStream(new FileInputStream(FDat)))); 

try 

{ 

myString = in.readLine(); iRecordLength = CheckString(myString); 

--iRecordLength; iRecordsNumber = 1; while (true) 

{ 

myString = in.readLine(); 

if (myString == null) break; 

++iRecordsNumber; 

} 

} 

catch (EOFException e){ } 

catch (IOException e) { iRecordsNumber = 0; } in.close(); 

buf = new double[iRecordLength+1]; pdInput = new double[iRecordLength]; 
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if ((0<iRecordLength)&&(0<iRecordsNumber)) 

{ 

piClass = new int[iRecordsNumber]; pdInputBuffer = new 

double[iRecordLength*iRecordsNumber]; 

BufferedReader in1 = new BufferedReader(new InputStreamReader 

 

(new DataInputStream(new FileInputStream(FDat)))); try 

{ 

  

 

j++) 

 

 

break; 

  

for (int j=0; j<iRecordsNumber; 

 

{ 

myString = in1.readLine(); if (myString == null) 

 

if ((iRecordLength+1) != 

  

ReadString (myString,buf)) break; 

for (i=0; i<iRecordLength; 

i++) pdInputBuffer[iRecordLength*j+i] = buf[i]; 

piClass[j] = 

(int)buf[iRecordLength]; 

} 

} 

  

 

 

0; } 

  

catch (EOFException e){ } 

catch (IOException e) { iRecordsNumber = 

 

in1.close(); 

} 

return 0<iRecordsNumber; 

} 

 

int CheckString (String s) 

{ 

int spaceAt, startingFrom = 0, count = 0; while (true) 

{ 

spaceAt = s.indexOf(" ",0); if (spaceAt == -1) break; if (spaceAt == 0) 

s = 

s.substring(1,s.length()); 

else 

{ 

++count; s = 

s.substring(spaceAt+1,s.length()); 

} 

} 

if (0<s.length()) ++count; return count; 

} 

 

int ReadString (String s, double[] buf) 

{ 

int spaceAt, startingFrom, count = 0; Double dA; 

startingFrom = 0; while (true) 

{ 

spaceAt = s.indexOf(" ",0); if (spaceAt == -1) break; if (spaceAt == 0) 
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s = 

s.substring(1,s.length()); 

else 

{ 

dA = Double.valueOf(s.substring(0,spaceAt)); 

buf[count] = dA.doubleValue(); 

++count; s = 

s.substring(spaceAt+1,s.length()); 

} 

} 

if (0<s.length()) 

{ 

dA = Double.valueOf(s); buf[count] = dA.doubleValue(); 

++count; 

} 

return count; 

} 

 

void ErrorCalc () 

{ 

int Index; 

for (int k=0; k<LNum-1; k++) 

{ 

for (int j=0; j<Layers[k+1].LSize; j++) 

{ 

  

 

 

i++) 

  

Index = j; Errors[k+1][j] = 0; 

for (int i=0; i<Layers[k].LSize; 

 

{ 

Errors[k+1][j] += Errors[k][i]*Layers[k+1].Weights[Index]; 

 

Layers[k+1].LSize; 

} 

  

 

Index += Errors[k+1][j] *= (dOffset + Layers[k+1].Outputs[j]*(1-

Layers[k+1].Outputs[j])); 

} 

} 

} 

 

void Update (int k, double[] Inp) 

{ 

int Index = 0; 

for (int i=0; i<Layers[k].LSize; i++) 

{ 

 LC[k]*Errors[k][i]; 

  

MBias[k][i] = MC[k]*MBias[k][i] + 

 

Layers[k].Bias[i] += MBias[k][i]; 

for (int j=0; j<Layers[k].prevLSize; j++) 

{ 

  

Moments[k][Index] = MC[k]*Moments[k][Index] + LC[k]*Errors[k][i]*Inp[j]; 

Layers[k].Weights[Index] += 

  

Moments[k][Index];}   }  } 

  



92 
 

++Index; 

  

boolean ErrorPropagation (int iRecPointer) 

{ 

int i, j; double dTmp; 

 

for (j=0; j<iRecordLength; j++) 

{ 

pdInput[j] = pdInputBuffer[iRecPointer*iRecordLength+j]; 

} 

int iTmpClass; 

iTmpClass = Test(pdInput); 

if (piClass[iRecPointer] == iTmpClass) return false; Errors[0][0] = 

(piClass[iRecPointer] - 

Layers[0].Outputs[0])/Layers[0].dMaxNum; 

ErrorCalc(); Update(LNum-1,pdInput); 

for (i=LNum-1; 0<i; i--) Update(i- 1,Layers[i].Outputs); 

return true; 

} 

 

boolean WriteNet() throws IOException 

{ 

GetWeights(); 

File FNet = new File (NetFileName); ObjectOutputStream OS = new 

ObjectOutputStream(new 

FileOutputStream(FNet)); 

OS.writeObject(pdWeights); OS.close(); 

return true; 

} 

 

public int Train (int FrameRate) throws IOException 

{ 

int j, i = 0, iCount = 0, iErrCount = 0; while 

((i<StopFlag)||(iErrCount==0.0)) 

{ 

  

 

 

: 0; 

  

if (ErrorPropagation(iCount)) ++iErrCount; 

++iCount; 

iCount = (iCount<iRecordsNumber) ? iCount 

  

 

if (i==lCheckPoint) 

{for (j=0; j<LNum; j++) 

{ 

LC[j] *= dTrFactor; MC[j] *= dTrFactor; 

} 

lCheckPoint = 

(long)(lCheckPoint/dTrFactor);} 

 

if (i%FrameRate == (FrameRate-1)) 

{ 

 

System.out.print((100.0*(double)iErrCount)/FrameRate + " "); 

iErrCount = 0; 

} 

++i;} 

WriteNet(); return 0; 

}} 


