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Main .S )

public class EvidentialBeliefFunctions {

public static void main(String[] args) {

Scanner in = new Scanner(System.in);
System.out.println("Enter number the of layers:");
int numOLayer = in.nextInt();

for (int i = 0; 1 < numOLayer; i++) {
CalculateFunctions cal = new CalculateFunctions();
}

}
}

3,90y aolg awle sl Constructor wie .Y

public CalculateFunctions() {
readInputDataFromCSV();
numOfClasses = inputValues.size();
calculateBel(inputValues);
calculateDis(inputValues);
calculateUnc(belValues, disValues);
calculatePls(belValues, disValues);
getEBFOutput();

b

B 5l ool yasles Y

private void readInputDataFromCSV() {
inputValues = new ArrayList();
//reading file

BufferedR eader bfr = null;

ArrayList data = new ArrayList();

\A-




StringTokenizer st;
String dataRow;
int row = 0;

int col = 0;

try {

// File file = new File(inputCSVFile);
bfr = new BufferedR eader(new FileReader(getFileFromUser()));
}+ catch (FileNotFoundException fnf) {
System.out.println("file not found!");

}
try {

//reading line

while ((dataRow = bfr.readLine()) != null) {
st = new StringTokenizer(dataRow, ",");
//reading columns

ArrayList vect = new ArrayList();

while (st.hasMoreTokens()) {
vect.add(st.nextToken());

col++;

}

int vectSize = vect.size();

double[] t = new double[vectSize];

for (int i = 0; 1 < vect.size(); it+) {

t[i] = Double.parseDouble((String) vect.get(i));
// System.out.println(t[i]);

}

inputValues.add(t);

row+-+;

}

bft.close();

}+ catch (Exception e) {

System. out.println("evidentialbilieffunctions.CalculateFunctions.readInputDataFromExcel()" +
e.getMessage());

}

}

AN
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public void calculateBel(ArrayList input) {

arrayOfWeightsForBel = new ArrayList();
belValues = new ArrayList();
double sumOfWeights = 0;

try {
for (int i = 0; 1 < input.size(); i++) {

double[] values = (double[]) input.get(i);

int numOfTotalPixels = (int) values[1];

int numOfClassPixel = (int) values[2];

int numOfKnownPixelInClass = (int) values[3];

int numOfTotallKnownPoxel = (int) values[4];

//get input from users:numOfTotallKnownPoxel, numOfKnownPixellnClass, numOfClassPixel,
numOfTotalPixels

double weight = calculateWeightForBel(numOfTotalPixels, numOfClassPixel,
numOfKnownPixellnClass, numOfTotallKnownPoxel, 1);

arrayOfWeightsForBel.add(i, weight);

}
/I System.out.printIn("Weights of Bel Values");
// print(arrayOfWeightsForBel);

//check sum and size of arraylist

if (arrayOfWeightsForBel.size() == numOfClasses) {

sumOfWeights = calculateSumOfArraylist(arrayOfWeightsForBel);

} else {

System.out.printIn("The size of weight array is not acceptable!!");

}

if (sumOfWeights != 0) {

for (int b = 0; b < numOfClasses; b++) {

double[] bel = new double[1];

bel[0] = ((double) arrayOfWeightsForBel.get(b)) / sumOfWeights;

belValues.add(b, bel);

}

\AY




}

// System.out.println("Bel Values");
// print(belValues);
} catch (Exception e) {

System. out.println("evidentialbilieffunctions.CalculateFunctions.calculateBel()Erro: " +
e.getMessage());

}

}

private double calculateWeightForBel(int numOfTotalPixels,
int numOfClassPixel,

int numOfKnownPixellnClass,

int numOfTotallKnownPixel,

int classNumber) {

double weightOfClass = 0;

try {

double denominator = ((double) numOfTotallKnownPixel - (double)
numOfKnownPixellnClass) / ((double) numOfTotalPixels - (double) numOfClassPixel);

double nominator = (double) numOfKnownPixellnClass / (double) numOfClassPixel;
weightOfClass = nominator / denominator;

} catch (Exception e) {

System. out.println("Error:
evidentialbilieffunctions.CalculateFunctions.calculateWeightForBel():" + e.getMessage());

}

return weightOfClass;

}

Dis e oo 5

private void calculateDis(ArrayList input) {

VAY




arrayOfWeightsForDis = new ArrayList();
disValues = new ArrayList();
double sumOfWeights = 0;

try {
for (int i = 0; 1 < input.size(); i++) {

double[] values = (double[]) input.get(i);

int numOfTotalPixels = (int) values[1];

int numOfClassPixel = (int) values[2];

int numOfKnownPixelInClass = (int) values[3];

int numOfTotallKnownPoxel = (int) values[4];

//get input from users:numOfTotallKnownPoxel, numOfKnownPixellnClass, numOfClassPixel,

numOfTotalPixels

double weight = calculateWeightForDis(numOfTotalPixels,

numOfKnownPixellnClass, numOfTotallKnownPoxel, i);
arrayOfWeightsForDis.add(i, weight);

h
// System.out.println("Weight of Dis Values");

//check sum and size of arraylist

if (arrayOfWeightsForDis.size() == numOfClasses) {
sumOfWeights = calculateSumOfArraylist(arrayOfWeightsForDis);
} else {

System.out.printIn("The size of weight array is not acceptable!!");
b

if (sumOfWeights = 0) {

for (int b = 0; b < numOfClasses; b++) {

double[] dis = new double[1];

dis[0] = ((double) arrayOfWeightsForDis.get(b)) / sumOfWeights;
disValues.add(b, dis);

h

H

// System.out.println("Dis Values");
// print(dis Values);

numOfClassPixel,
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} catch (Exception e) {
System.out.println("evidentialbilieffunctions.CalculateFunctions.calculateDis()  Error: " +
e.getMessage());

}

}

private double calculateWeightForDis(int numOfTotalPixels,
int numOfClassPixel,

int numOfKnownPixellnClass,

int numOfTotallKnownPixel,

int classNumber) {

double weightOfClass = 0;

try {

double nominator = ((double) numOfClassPixel - (double) (numOfKnownPixellnClass)) /
(double) numOfClassPixel;

double denominator = ((double) numOfTotalPixels - (double) numOfTotallKnownPixel -
(double) numOfClassPixel + (double) numOfKnownPixellnClass) /  ((double)
numOfTotalPixels - (double) numOfClassPixel);

weightOfClass = nominator / denominator;

} catch (Exception e) {

System. out.println("Error:
evidentialbilieffunctions.CalculateFunctions.calculateWeightForDis():" + e.getMessage());

}

return weightOfClass;

}

Uncertainty dacwlswe oo A

private void calculateUnc(ArrayList bel, ArrayList dis) {

uncValues = new ArrayList();

try {

VA




if (bel.size() == dis.size()) {

for (int i = 0; 1 < bel.size(); i++) {
double[] b = (double[]) bel.get(i);
double bb = b[0];

double[] d = (double[]) dis.get(i);
double dd = d[0];

double[] u = new double[1];

u[0] =1 -Dbb - dd;
uncValues.add(i, u);

}

} else {

System.out.println("The number of Bel values is not equal to Dis values!!Check the
functions.");

h

// System.out.println("Unc Values");

// print(uncValues);

} catch (Exception e) {
System.out.println("evidentialbilieffunctions.CalculateFunctions.calculateUnc() Error: " +
e.getMessage());

}

}

Plausibility acul=e o 4

private void calculatePls(ArrayList bel, ArrayList dis) {

plsValues = new ArrayList();

try {
if (bel.size() == dis.size()) {

for (int i = 0; 1 < bel.size(); i++) {

double[] p = new double[1];

\AS




p[0] = (double) ((double[]) bel.get(i))[0] - (double) ((double[]) dis.get(i))[0];
plsValues.add(i, p);

}

} else {

System.out.println("The number of Bel values is not equal to Dis values!!Check the
functions.");

h

// System.out.println("Pls Values");
// print(plsValues);

} catch (Exception e) {
System.out.println("evidentialbilieffunctions.CalculateFunctions.calculatePls() Error: " +
e.getMessage());

}

}
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[inputRaster, R] = geotiffread(rasterPath);
% Read Excel file
inputExcel = xlsread(excelPath);
for ii=l:size(inputRaster,1)

for jj=l:size (inputRaster,2)

% get pixel value
pixel=inputRaster (ii,jJj);

$get the value of class from excel file
for i=l:size(inputExcel, 1)
value = inputExcel(i,1);

if pixel == value

bel = inputExcel(i,2);

dis = inputExcel (i, 3);

unc = inputExcel (i, 4);

pls = inputExcel(i,5);

end

end

bel Values(ii,jj)=bel;

dis Values (ii,jj)=dis;
unc_Values (ii,jJj)=unc;

pls Values (ii,jj)=pls;

end
end

$Create output Rasters

info = geotiffinfo(rasterPath);

geotiffwrite (fullfile(rasterOutPutPath, 'BandInteg Bel.tif'), bel Values, R,

'GeoKeyDirectoryTag', info.GeoTIFFTags.GeoKeyDirectoryTaqg);
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Fuzzy-AHP S 4 bgs e Constructor wie ). ).).).N-Y-0

public FAHP(ArrayList indata) {

this.data = indata;

ArrayList sMat = calculateSMatrix(indata);
double[] weights = calculateWeight(sMat);
finalWeight = normalizeWeights(weights);

}

public ArrayList calculateSMatrix(ArrayList input) {

try {

double[] sumOfAllElements = calculateSumofAllElements(data);
ArrayList sMatrix = new ArrayList();

for (int r = 0; r < input.size(); r++) {

double[] row = (double[]) input.get(r);

double[] rowElm = calculateSumOfRowEIm(row);

double[] s = {rowEIlm[0] * sumOfAllElements[0], rowEIm[1] * sumOfAllElements[1], rowElm[2] *
sumOfAllElements[2]};

sMatrix.add(s);

H

return sMatrix;

} catch (Exception e) {

System.out.println("Error dsexpertknowledge.FAHP.calculateSMatrix(): " + e.getMessage());

return null;

H
H

public double[] calculateSumofAllElements(ArrayList input) {

try {
double[] sumOfAIlEIm = new double[3];

VAR




int numofClm = ((double[]) input.get(0)).length;
int numOfRow = input.size();

double sumoffirstElm = 0;

double sumofSecElm = 0;

double sumofThidtElm = 0;

for (int r = 0; r < numOfRow; r++) {

// double[] elemnts = new double[3];

//sum first elements of all rows

for (int ¢ = 0; ¢ <numofClm; ¢ += 3) {

double cl = (double) ((double[]) input.get(r))[c];

sumoffirstElm += cl;

}

//sum Second elements of all rows
for (int ¢ = 1; ¢ <numofClm; ¢ += 3) {
double c2 = (double) ((double[]) input.get(r))[c];

sumofSecEIm += ¢2;

}

//sum Second elements of all rows

for (int ¢ = 2; ¢ <numofClm; ¢ += 3) {

double ¢3 = (double) ((double[]) input.get(r))[c];
sumofThidtElm += ¢3;

H

H
sumOfAIIEIm[2] = (double) (1 / sumoffirstElm);

sumOfAIIEIm[1] = (double) (1 / sumofSecElm);
sumOfAIIEIm[0] = (double) (1 / sumofThidtElm);
return sumOfAIIEIm;

} catch (Exception e) {

System.out.println("Error dsexpertknowledge. FAHP.calculateSumofAllElements(): " + e.getMessage());
return null;

H

H
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public double[] calculateSumOfRowEIm(double[] inputRow) {
double[] sumOfRowEIm = new double[3];
try {

double sumoffirstElm = 0;

double sumofSecElm = 0;

double sumofThidtElm = 0;

//Sum of first Elms

for (int 1= 0; i < inputRow.length; i +=3) {
sumoffirstElm += inputRow[i];

H

//Sum of Second Elms

for (int i = 1; i < inputRow.length; i +=3) {
sumofSecElm += inputRow[i];

}

//Sum of Third Elms

for (int i = 2; 1 < inputRow.length; i +=3) {
sumofThidtElm += inputRow([i];

H

sumOfRowEIm[0] = sumoffirstElm,;
sumOfRowEIm[1] = sumofSecElm;
sumOfRowEIm[2] = sumofThidtElm,;
return sumOfRowEIm;

} catch (Exception e) {
System.out.println("Error dsexpertknowledge. FAHP.calculateSumOfRowEIm(): " + e.getMessage());
return null;

H

H

public double[] calculateWeight(ArrayList inputSmatrix) {

double[] weight = new double[inputSmatrix.size()];

double[] w = new double[inputSmatrix.size() - 1];

try {

V)




for (int r = 0; r < inputSmatrix.size(); r++) {
double v1 = (double) ((double[]) (inputSmatrix.get(r)))[1];
int cnt = 0;

for (int r2 = 0; r2 < inputSmatrix.size(); r2++) {

if(121=r) {

double v2 = (double) ((double[]) (inputSmatrix.get(r2)))[1];

if (vl >=v2) {

wlent] = 1;

cnt++;

} else {

double v;

double upperl = (double) ((double[]) (inputSmatrix.get(r)))[2];
double lower2 = (double) ((double[]) (inputSmatrix.get(r2)))[0];
double med1 = (double) ((double[]) (inputSmatrix.get(r)))[1];
double med2 = (double) ((double[]) (inputSmatrix.get(r2)))[1];
double minus = upperl - lower2;

if (minus >= 0) {

w[cnt] = (double) ((upperl - lower2) / (upperl - lower2 + med2 - medl));
cnt++;

} else {

wlent] =0;

cnt++;

H

H

H

}

weight[r] = calculateMin(w);

}

return weight;

} catch (Exception e) {

System.out.println("dsexpertknowledge. FAHP.calculateWeight(): " + e.getMessage());
return null;

H

H

\aY




Lyie gledle i aa )Y

private double[] normalizeWeights(double[] inputWeight) {

double[] normalWeight = new double[inputWeight.length];
try {

double sum = 0;

for (int r = 0; r < inputWeight.length; r++) {

sum += inputWeight[r];

H

for (int i = 0; 1 < inputWeight.length; i++) {
normalWeight[i] = (double) inputWeight[i] / sum;

H

return normal Weight;

} catch (Exception e) {

System.out.println("Error dsexpertknowledge. FAHP.normalizeWeights(): " + e.getMessage());

return null;

H
H

\ay



AHP-Group w9y & oylwld )5 Ol i 5ali . oo 545!

W b ol 3:4l5 9 AHP (g a0 0ljl dnslone 5 5125 990 sla Jold (yuilg> )

integrateWeightsOfExpert

public void expertManagementAHP() {

try {

HashMap<String, double[]> hashMap = new HashMap();

for (int i = 1; 1 <= DSExpertKnowledge.numOfExperts; i++) {

ArrayList alteration = readInputDataFromCSV("E:\\Work\\ExcelsWAHP\\Input\\Expert" + i +
"\Alteration.csv");

CalculateWeightAHP alterationWeight = new CalculateWeightAHP(alteration);
hashMap.put("alterationWeight" + i, alteration Weight.getWeight());

ArrayList buffer = readInputDataFromCSV("E:\\Work\\Excels\\AHP\\Input\\Expert" + i +
"\Buffer.csv");

CalculateWeightAHP buffergWeight = new CalculateWeight AHP(buffer);
hashMap.put("bufferWeight" + i, buffergWeight.getWeight());

ArrayList density = readInputDataFromCSV("E:\Work\\Excels\\AHP\\Input\Expert" + i +
"\Density.csv");

CalculateWeightAHP densityWeight = new CalculateWeightAHP(density);
hashMap.put("densityWeight" + i, densityWeight.getWeight());

ArrayList geoChem = readInputDataFromCSV ("E:\Work\\Excels\AHP\\Input\Expert" + i +
"\GeoChem.csv");

CalculateWeightAHP geoChemWeight = new CalculateWeight AHP(geoChem);
hashMap.put("geoChemWeight" + i, geoChemWeight.getWeight());

ArrayList ironOxide = readInputDataFromCSV("E:\\Work\\ExcelsWAHP\\Input\\Expert" + i +
"\Iron_Oxide.csv");

CalculateWeightAHP ironOxideWeight = new CalculateWeight AHP(ironOxide);
hashMap.put("ironOxideWeight" + i, ironOxideWeight.getWeight());

ArrayList lithology = readInputDataFromCSV("E:\\Work\\Excels\\AHP\\Input\Expert" + i +
"\\Lithology.csv");

CalculateWeightAHP lithologyWeight = new CalculateWeightAHP(lithology);
hashMap.put("lithologyWeight" + i, lithologyWeight.getWeight());

19¥




ArrayList rtp = readInputDataFromCSV("E:\\Work\\Excels\AHP\\Input\Expert" + i + "\RTP.csv");
CalculateWeightAHP rtpWeight = new CalculateWeightAHP(rtp);
hashMap.put("rtpWeight" + i, rtpWeight.getWeight());

}

double[] expertOne = null;
double[] expertTow = null;

double[] expertThree = null;

for (int n = 0; n < names.length; n++) {

ArrayList weight = new ArrayList();

for (int i = 1; 1 <= DSExpertKnowledge.numOfExperts; i++) {
ifi=1) {

expertOne = hashMap.get(names[n] + 1);

}elseif (i==2) {

expertTow = hashMap.get(names[n] + 1);

} else {

expertThree = hashMap.get(names[n] + 1);

H

H

double[] fw = integ.integrateWeightsOfExpert(expertOne, expertTow, expertThree);
weight.add(fw);

writeResultToXls(weight, DSExpertKnowledge.exportExcelPathAHP+names[n]);
H

} catch (Exception e) {

System.out.println("Error dsexpertknowledge.PrepareInputData.expertManagement(): " + e.getMessage());
}

}

AHP-Group g, 4 3.2l ¢l integrateWeightsOfExpert ais

public double[] integrateWeightsOfExpert(double[] weightOne, double[] weightTwo, double[]
weightThree) {

double[] final Weight = new double[weightOne.length];

try {
if (weightOne.length == weightTwo.length && weightTwo.length == weightThree.length) {

AR




for (int i = 0; 1 < weightOne.length; i++) {

double w = weightOne[i] * weightTwo[i] * weightThree[i];
w = Math.pow(w, DSExpertKnowledge.beta);

finalWeight[i] = w;

H

} else {

System.out.println("the size of weight arrays are not equal!!");
H

return finalWeight;

} catch (Exception e) {

System.out.println("Error dsexpertknowledge. WeightIntegration.integrateWeights(): " +
e.getMessage());

return null;

H

H
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SVM (g jlwesly .0 s 59X

Clc
clear all

group xlsread('Label.xls");
xdata = xlsread('LinDens 123.xls');

svmStruct = svmtrain (xdata,group) ;

output = svmclassify(svmStruct,xdata);
alpha = SVMStruct.Alpha;

supportVectors = SVMStruct.SupportVectors;

filename = 'LinDens 123 output.xlsx';
x1lswrite (filename, output) ;
filename = 'LinDens 123Weight.xlsx';

x1lswrite (filename, alpha) ;

\ay




mas a5 g5lwodly F p 5o5!

cle

clear all

group = xIsread('Label.xls");

xdata = xlsread('LinDens_123.xls");
X = transpose(xdata);

t = transpose(group);

out =1;
for h1=1:50
for h2=1:50

net = feedforwardnet([h1 h2],'trainlm’);
% net = feedforwardnet([15 7],'trainlm');
net = train(net,x,t);

y = net(x);

train Validation = round(y);

predicted = transpose(train Validation);
makhrajeR2 = 0;

squareError = 0;

for ii =1:size(predicted, 1)

error = predicted(ii,1) - group(ii,1);
squareError = squareError+ (error.”2);
makhrajeR2 = makhrajeR2 + (predicted(ii,1) - mean(group)).”2;
end

RMSE = sqrt((squareError/size(predicted, 1)));
Rsq =1 - squareError/makhrajeR2;
cnt=0;

for ii =1:size(predicted, 1)
if(predicted(ii, 1) == group(ii, 1))

cnt = cnt+1;

end

end

accuracy = cnt/size(predicted, 1);
output(out,1) =hl;

output(out,2) =h2;

output(out,3) = RMSE;

output(out,4) = Rsq;

output(out,5) = accuracy;

w1 =net.IW {1} %the input-to-hidden layer weights

VaA




w2 =net.LW{2} %the hidden-to-output layer weights
w3 =net.LW{3,2};

A = transpose(wl);

B = transpose(w2);

C=A*B;

D = transpose(w3);

final = C*D;

for w = l:size(final,1)
finalweight(w,out)=final(w,1);
end
finalweight((size(final,1)+1),out)=h1;
finalweight((size(final,1)+2),out)=h2;
out = out+1;
end

end

filename = 'LinDens_123 output.xlsx';

xIswrite(filename,output);

filename = 'LinDens_123Weight.xlIsx';

xIswrite(filename, finalweight);
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AHP (gigy a3 (yjg s sy oLl )5 ol i Jolos

L WS (359 i 30 Jol ol )5 &1y

Jol ol )8 bawgi (lw )50 ¥ (5l ooy (el ozl o N Jgur

Cc1 C2 c3 c4

Cc1 1 3 5 7
C2 0.333333 1 3 5
c3 0.2 0.333333 1 3
c4 0.142857 | 0.142857 | 0.333333 1
1.67619 | 4.47619 | 9.333333 16

Jol b, g o ylghas 8L 4 (gl 2 ol (il Comar )l (gt o Y Jgux

Cc1 C2 c3 c4
Cc1 1 3 5 7
C2 0.333333 1 3 5
c3 0.2 0.333333 1 3
c4 0.142857 | 0.142857 | 0.333333 1

Jgl )5 lawgi o,lshs I a¥ (gl p oo cpad Cauzxar yl (g o Y Jgu

Cc1 C2 c3
Cc1 1 3 5
c2 0.333333 1 3
c3 0.2 0.333333 1




Jol wbels )55 lawgi sy a0 (gl 00l (ondl Cum )l g o F Jgu

Cc1 C2 c3
Cc1 1 3 5
Cc2 0.333333 1 3
c3 0.2 0.333333 1

Jal bl )5 g (T omunsST 0¥ (5l 0kl (sl Cnez sl (o 5ilo B Jgor

Cc1 C2 c3 c4
Cc1 1 3 5 7
C2 0.333333 1 3 5
c3 0.2 0.333333 1 3
c4 0.142857 | 0.142857 | 0.333333 1

Jol bl )55 lawgd (s5edgid ¥ (gl 00l (il Cur I (g o F o

c1 Cc2 C3 Ca C5 ceé
c1 1 0.333333 0.2 0.1428571 3 3
Cc2 3 1 0.142857 0.2 5 5
C3 5 7 1 5 9 9
Ca 7 5 0.2 1 7 7
C5 0.33333333 0.2 0.111111 | 0.1428571 1 1
Ccé6 0.33333333 0.2 0.111111 | 0.1428571 1 1




J9l b, 15 bwgi RTP 4¥ (gl 2 00 [yl Szl (it Silo Y Jgux

c1 Cc2 C3
c1 1 0.142857 | 0.111111
Cc2 7 1 0.142857
C3 9 7 1

17 8.142857 | 1.253968

LN (59 O yo pgd whud ;5 Wiyl

P90 byl buwgi (Sl 50 ¥ (5l oo (el ozl o A 9o

c1 Cc2 C3 Ca
c1 1 5 7 9
Cc2 0.2 1 7
C3 0.142857 0.2 1 5
Ca 0.111111 | 0.111111 0.2 1

P Wb, bawgi o jlghas 8L Y (gl p ool (pail Coar )l (g ilo A Jgux

c1 Cc2 C3 Ca
c1 1 5 7 9
Cc2 0.2 1 5 7
C3 0.142857 0.2 1 5
Ca 0.111111 | 0.111111 0.2 1

Y.y



P99 bed )l buwgi o lghs (s 4Y (gl p oal (puad Coar )l (s pilo Ve Jgur

c1 Cc2 C3
c1 1 5 7
Cc2 0.2 1 5
C3 0.142857 0.2 1

£ Wbl )15 bawgd (condigh A (gl o0l (puri Cauxr I (g yilo V) Jgu

Cc1 C2 c3
Cc1 1 3 5
C2 0.333333 1 3
c3 0.2 0.333333 1

p99 (bl )5 Lo gi (T donunsS T ¥ (5l 0kl [yl Cne sl (i 5ilo Y Jguir

Cc1 c2 C3 c4
Cc1 1 3 5 7
C2 0.333333 1 3 5
c3 0.2 0.333333 1 3
c4 0.142857 | 0.142857 | 0.333333 1

Y.y



P99 Wbl ;15 bawgi (s5edgid ¥ (gl 00 (o Caur I (g yilo AT Jou>

c1 C2 C3 Ca C5 cé6
c1 1 0.333333 | 0.142857 0.2 3 3
Cc2 3 1 0.142857 0.2 5 5
C3 7 7 1 5 9 9
Ca 5 5 0.2 1 9 9
C5 0.33333333 0.2 0.111111 | 0.1111111 1 1
Ccé6 0.33333333 0.2 0.111111 | 0.1111111 1 1

p9® Ud )l buwgi RTP a4¥ (gl 2 ouds [l Szl (a Silo NP Jgu

c1 Cc2 C3
c1 1 0.2 0.142857
Cc2 5 1 0.2
C3 7 5 1

LW (539 e 5 pam bl ;5" ol s

pow byl buwgi' (Gl )50 ¥ (5l ooy (el Szl g il VD Jgu

c1 Cc2 C3 Ca
c1 1 5 7 9
Cc2 0.2 1 5 7
C3 0.142857 0.2 1 5
Ca 0.111111 | 0.111111 0.2 1

Yof




paw b, bawgi o,lghas 180 @Y (gl ouds (i Cozmx yl (g il VP Jguor

c1 C2 C3 Ca
c1 1 5 7 9
Cc2 0.2 1 5 7
C3 0.142857 0.2 1 5
Ca 0.111111 | 0.111111 0.2 1

pow byl buwgi o jlghs (I ¥ (glp ool (aai Coxar )l (s Flo WY Joua

c1 C2 C3
c1 1 7 9
Cc2 0.142857 1 7

C3 0.111111 | 0.142857 1

pow L)l bawgi (oadogi] A (gl oo (rail Syl o o VA Jgu

Cc1 C2 c3
Cc1 1 3 5
C2 0.333333 1 3
c3 0.2 0.333333 1

g bl )5 Lasgi (TS 0¥ (51 00 oyt Canmr )l i il N Jgur

c1 Cc2 C3 Ca
c1 1 5 7 9
Cc2 0.2 1 5 7
C3 0.142857 0.2 1 5
Ca 0.111111 | 0.111111 0.2 1

ARIA



pow i)l bwgd §5glgid Y (sl oo (i Caar sl u ilo L Y Jgux

c1 Cc2 C3 Ca C5 cé6
c1 1 0.2 0.142857 | 0.1428571 5 5
Cc2 5 1 0.142857 0.2 5 5
C3 7 7 1 7 9 9
Ca 7 5 0.142857 1 7 7
C5 0.2 0.2 0.111111 | 0.1428571 1 1
Ccé6 0.2 0.2 0.111111 | 0.1428571 1 1

o Wl )l bawgd RTP Y (gl 2 00 (ot Syl o Lo VY Jgux

c1 Cc2 C3
c1 1 0.142857 | 0.111111
Cc2 7 1 0.142857
C3 9 7 1

Yo$




Fuzzy-AHP g9y & W(y3g cymatd 510 oyl )5 Wiyl Jolus
L WS (359 i 30 Jol bl )l &l yis

Jgl b5 gl 551 slael 4y (Gl 5o aY Comaryl g lo Jod ) Jgur

c1 2 3 ca

c1 (1,1,1) (2,3,4) (4,5,6) (6,7,8)
2 |(1/4,1/3,1/2) (1,1,1) (2,3,4) (4,5,6)
c3 | (1/6,1/5,1/4) | (1/4,1/3,1/2) (1,1,1) (2,3,4)
ca | (1/8,1/7,1/6) | (1/6,1/5,1/4) | (1/4,1/3,1/2) | (1,1,1)

sl )15 (615t (5318 oluae 4y o g 53l ay¥ g g yilo s Y Jgot

c1 C2 c3 c4

c1 (1,1,1) (2,3,4) (4,5,6) (6,7,8)
C2 (1/4,1/3,1/2) (1,1,1) (2,3,4) (4,5,6)
C3 (1/6,1/4,1/5) | (1/4,1/3,1/2) (1,1,1) (2,3,4)
ca (1/8,1/7,1/6) | (1/6,1/4,1/5) | (1/4,1/3,1/2) | (1,1,1)

Jol b, 5 sl 63 slael 4 0,lghs (s Y Cozar )l (o 5lo Jrod ¥V Jgu

Jal Wb )5 (6l 53U dlael a condighy A oyl w yilo Jod .F Jgu

c1 c2 C3
c1 (1,1,1) (2,3,4) (4,5,6)
2 | (1/4,1/3,1/2) (1,1,1) (2,3,4)
c3 (1/6,1/4,1/5) | (1/4,1/3,1/2) | (1,1,1)

c1 2 C3

c1 (1,1,1) (2,3,4) (4,5,6)
2 | (1/41/3,1/2) (1,1,1) (2,3,4)
c3 (1/6,1/4,1/5) | (1/4,1/3,1/2) | (1,1,1)

Y-V



Jol b, 5 1y (631 slasl & cpdlonsT &Y Cuza )l g yilo Jowi .0 Jou>

c1 c2 c3 ca4
c1 (1,1,1) (2,3,4) (4,5,6) (6,7,8)
c2 (1/4,1/3,1/2) (1,1,1) (2,3,4) (4,5,6)
C3 (1/6,1/4,1/5) | (1/4,1/3,1/2) (1,1,1) (2,3,4)
ca (1/8,1/7,1/6) | (1/6,1/4,1/5) | (1/4,1/3,1/2) | (1,1,1)

Jol b )5 6l 631 olasl 4y (s5gdgid ¥ Comm yl o Yo Jowd & Jgu

Cc1 C2 c3 c4 c5 Cé
Cc1 (1,1,1) (1/4,1/3,1/2) | (1/6,1/5,1/4) | (1/8,1/7,1/6) | (2,3,4) | (2,3,4)
C2 (2,3,4) (1,1,1) (1/8,1/7,1/6) | (1/6,1/5,1/4) | (4,5,6) | (4,5,6)
c3 (4,5,6) (6,7,8) (1,1,1) (4,5,6) (8,9,10) | (8,9,10)
c4 (6,7,8) (4,5,6) (1/6,1/5,1/4) (1,1,1) (6,7,8) | (6,7,8)
c5 (1/4,1/3,1/2) | (1/6,1/5,1/4) | (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1,1,1) | (1,1,1)
Cé (1/4,1/3,1/2) | (1/6,1/5,1/4) | (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1,1,1) | (1,1,1)

Jol b )5 (sl 53 slacl 4 rp ¥ Cozaryl g Jilo Jroad .V Jgur

c1 2 C3
c1 (1,1,1) | (1/8,1/7,1/6) | (1/10,1/9,1/8)
2 (6,7,8) (1,1,1) (1/8,1/7,1/6)
3 | (89,10) (6,7,8) (1,1,1)

Y-A




P90 b5 gl 551 slacl 4y (Sl 5o Y Comaryl o Jlo Jrod A Jgur

LN (59 o 0 pgd whuh )5 iyl

c1 C2 C3 Ca
c1 (1,2,2) (4,5,6) (6,7,8) (8,9,10)
Cc2 (1/6,1/5,1/4) (1,1,2) (4,5,6) (6,7,8)
C3 (1/8,1/7,1/6) | (1/6,1/5,1/4) (1,2,2) (4,5,6)
Ca (1/10,1/9,1/8) | (1/6,1/5,1/4) | (1/6,1/5,1/4) | (1,1,1)

p90 Wbl ;5 sl (5318 dlusl s oylghas 8L aY Coxa | i Yo Jowd A Jgu

c1 C2 C3 Ca
c1 (1,2,2) (4,5,6) (6,7,8) (8,9,10)
Cc2 (1/6,1/5,1/4) (1,2,2) (4,5,6) (6,7,8)
C3 (1/8,1/7,1/6) | (1/6,1/5,1/4) (1,2,2) (4,5,6)
Ca (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1/6,1/5,1/4) | (1,1,1)

P90 U, sl 5 dlasl 4 0,lghs s Y ozl (i lo Jood N+ Jgu

p9e Pl sl 51 dlasl 4y ponbigd] Y Comm yl (u ilo Jad N Jgur

c1 Cc2 C3
c1 (1,2,2) (4,5,6) (6,7,8)
Cc2 (1/6,1/5,1/4) (1,2,2) (4,5,6)
C3 (1/8,1/7,1/6) | (1/6,1/5,1/4) | (1,1,1)

Cc1 C2 c3
Cc1 (1,1,1) (2,3,4) (4,5,6)
C2 (1/4,1/3,1/2) (1,1,1) (2,3,4)
c3 (1/6,1/5,1/4) | (1/4,1/3,1/2) | (1,1,1)

Y.

q



P99 Ly 15 (6l (6518 Sl 4y pa Tt &Y camaryl (i yilo Jood AT Jgur

Cc1 C2 c3 C4
Cc1 (1,1,1) (2,3,4) (4,5,6) (6,7,8)
C2 (1/4,1/3,1/2) (1,1,1) (2,3,4) (4,5,6)
c3 (1/6,1/5,1/4) | (1/4,1/3,1/2) (1,1,1) (2,3,4)
c4 (1/8,1/7,1/6) | (1/6,1/5,1/4) | (1/4,1/3,1/2) | (1,1,1)

p9e L, sl 51 dlasl @ (iggid Y Coma )l (o ilo Jrad IV Jgur

Cc1 C2 C3 c4 c5 Cé
Cc1 (1,1,1) (1/4,1/3,1/2) | (1/8,1/7,/16) | (1/6,1/5,1/4) | (2,3,4) | (2,3,4)
C2 (2,3,4) (1,1,1) (1/8,1/7,16) | (1/6,1/5,1/4) | (4,5,6) | (4,5,6)
c3 (6,7,8) (6,7,8) (1,1,1) (4,5,6) (8,9,10) | (8,9,10)
c4 (4,5,6) (4,5,6) (1/6,1/5,1/4) (1,1,1) (8,9,10) | (8,9,10)
c5 (1/4,1/3,1/2) | (1/6,1/5,1/4) | (1/10,1/9,18) | (1/10,1/9,18) | (1,1,1) | (1,1,1)
Cé (1/4,1/3,1/2) | (1/6,1/5,1/4) | (1/10,1/9,1/8) | (1/10,1/9,18) | (1,1,1) | (1,1,1)

P9 Wiy 5 gl 530 Slacl arTp ¥ Cozxr yl (gt yilo Jood NF Jguor

c1 Cc2 C3
c1 (1,1,1) |(1/6,1/5,1/4) | (1/8,1/7,/16)
Cc2 (4,5,6) (1,2,2) (1/6,1/5,1/4)
C3 (6,7,8) (4,5,6) (1,2,2)

\RK




pow Ul (sl (530 slacl ay (Gl 50 @Y Coza )l (i Flo J1owd VO Jgoar

LW (539 e 50 pam (bl ;5 ol s

c1 C2 C3 Ca
c1 (1,2,2) (4,5,6) (6,7,8) (8,9,10)
Cc2 (1/6,1/5,1/4) (1,2,2) (4,5,6) (6,7,8)
C3 (1/8,1/7,1/6) | (1/6,1/5,1/4) (1,2,2) (4,5,6)
Ca (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1/6,1/5,1/4) | (1,1,1)
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c1 C2 C3 Ca
c1 (1,2,2) (4,5,6) (6,7,8) (8,9,10)
Cc2 (1/6,1/5,1/4) (1,2,2) (4,5,6) (6,7,8)
C3 (1/8,1/7,1/6) | (1/6,1/5,1/4) (1,2,2) (4,5,6)
Ca (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1/6,1/5,1/4) | (1,1,1)
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c1 2 3

c1 (1,1,1) (6,7,8) (8,9,10)
2 (1/8,1/7,1/6) (1,1,1) (6,7,8)
c3 | (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1,1,1)

Cc1 C2 c3
Cc1 (1,1,1) (2,3,4) (4,5,6)
C2 (1/4,1/3,1/2) (1,1,1) (2,3,4)
c3 (1/6,1/5,1/4) | (1/4,1/3,1/2) | (1,1,1)
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c1 C2 C3 Ca
c1 (1,2,2) (4,5,6) (6,7,8) (8,9,10)
Cc2 (1/6,1/5,1/4) (1,2,2) (4,5,6) (6,7,8)
C3 (1/8,1/7,1/6) | (1/6,1/5,1/4) (1,2,2) (4,5,6)
Ca (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1/6,1/5,1/4) | (1,1,1)

paw Wbty 5 (6l (53 dlacl & 3glgid MY Comma )l (o ilo Jrod Ve Jouo

c1 2 c3 c4 cs C6
c1 (1,1,1) (1/6,1/5,1/4) | (1/8,1/7,1/6) | (1/8,1/7,1/6) | (4,5,6) | (4,5,6)
2 (4,5,6) (1,1,1) (1/8,1/7,1/6) | (1/6,1/5,1/4) | (4,5,6) | (4,5,6)
c3 (6,7,8) (6,7,8) (1,1,1) (6,7,8) (8,9,10) | (8,9,10)
c4 (6,7,8) (4,5,6) (1/8,1/7,1/6) (1,1,1) (6,7,8) | (6,7,8)
cs | (1/6,1/5,1/4) | (1/6,1/5,1/4) | (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1,1,1) | (1,1,1)
c6 | (1/6,1/5,1/4) | (1/6,1/5,1/4) | (1/10,1/9,1/8) | (1/8,1/7,1/6) | (1,1,1) | (1,1,1)
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c1 Cc2 C3
c1 (1,1,1) |(1/6,1/5,1/4) | (1/8,1/7,1/6)
Cc2 (4,5,6) (1,2,2) (1/6,1/5,1/4)
C3 (6,7,8) (4,5,6) (1,2,2)

"y




ol> LS BliasT oogazme jo e jle p sloyg (Sl (VAY) dass ¢j90 56l
sl it A8l L i fannd b, 42 ST sloesls 5adls 3o, 5l 5,5
Olpl (olesl (labol s olKisls

ol Sledbl slaailols 5 450 5l jromw (VWA+) .z «olalS 5 1. o oplelales
Ao PV gyl 8l 5 b (60,8

S8 Lamass ile dge VAT Ll ool a0 ciese o cou S cjlle paie Do
arly olKails = e Sl (g y3lis g sho SuLAS Gess w53
(swgb ol sl

o, Jyad Lo pS Gl Sl 5 Jyol OYAY) 5 (B 5 o o anas
PAY (Glpl oo g ple oSl «(g58 (slo acgame (595 (Eyman oras SldSd
Ao

5 LSS (0,8 G slaeome SIS SL5)l ez 5 50 VYAT) B e (qngnd 5 (oo 3
G 0310 ()l g5 olaiBl g s laime axly wonte o s Haiste dalip conss ] Wi,
Aao VP

chres LS (28 s (bl wpeldllal (Slag, LT cdems Ll B
Dempster-Shafer b3, b So5ds5 sloools sile Jow ;0 Conlad sac 5,91, NYAY
0l o8&l Gl pl e (e (el 45T (e

Shoolaiwl b (o5a) e Camlae 3JUT (VYAY) 2 o ol 9 .7 (60ly0 oo (guma
SEbegsy o uled (pen03es GIS laowe jo ol yiwes SVl (6,655

il (VAT leke Jomw Hlawe mle b pde w550 5 (Sle o) oo pollas
Olalys —ogllin (liw 0 160)50 Aalllae) Harh - aed (595 b anwg HUT L)

FY YV Lo ¥ 5l T+ 5,90 ( owlis oo (590,

Y

&y



ey e e LSt s lile Sl g 5,8 AYAY o ey e

G@&MJL) OLQ.? u‘)LMH..)‘ sQJ.M )Q )lef Qﬁ)ls \\“/\& ‘) ‘Lsﬁlflf 9.][.5 o“p ‘Lsé.w% °

s60L4:§1 LSLQW)Q LSJ‘"?MB‘&“‘) Co pde AYAQ ")‘LS‘DL& “p ‘Go..ny °
VUL VDN I PO N L S R PSR P ]

e ) e il 55l e sl i, Syl ATAR oo, SIS oo s sy @
alKals sl ol lasl (oLdlis ol

M‘ é.'aLJ.A 4.;.:.9‘.3 H.)L?'Lu‘ \\“/\V s.ﬁ ‘)% L_SJ.‘Z ¢ i;:lflf 9JL5 c.‘c@bs) )&Als s.‘é ‘&59'“)9) o
iz Sl gt 5 byl HLAIST le Jlns 5ol 5l eolital b ik

e Adiat, K.A.N., Nawawi, M.N.M., Abdullah, K., 2012. Assessing the accuracy of
GIS-based elementary multi criteria decision analysis as a spatial prediction
tool—a case of predicting potential zones of sustainable groundwater resources.
J. Hydrol. 440, 75-89.

o Agterberg, F.P, 1988, Appliation of recent developments of regression analysis in
regional mineral resource evaluation. In: CF. Chung. A.G. Fabbri, R. Sinding —
Larsen (Eds), Quantitative Analysis of Mineral and Energy Resources, D. Redel
Publishing Company, Dordecht, pp. 1-28.

o Agterberg, F.P. Bonham — carter, G.F., Cheng. Q., Wright, D.F., 1989. Weights
of evidence modeling and weighted logistic regression in mineral potential
mapping. In: J.C. Davis, U.C. Herzfeld (Eds), Computers in Geology, Oxford
University Press, New York, pp. 13 — 32.

e Agterberg, F.P., 2001. Multifractal simulation of geochemical map patterns. In:
D.D. Meriam, J.C. Davis (Eds), Geologic Modeling and simulation: Sedimentary
systems, Kluwer — plenum Publishers, New work, PP. 327 — 346

YVF



Agterberg, F.P., Cheng, Q. 2002. Conditional independence test for wights — of —
evidence modeling. Natural Resources Research 11(4): 249 — 255.

Alavi, M., 1994. Tectonics of the Zagros orogenic belt of Iran; new data and
interpretations. Tectonophysics 229, 211-238.

Alpaydm, E., 2004. Introduction to machine learning. The MIT Press Cambridge,
Massachusetts London, England.

Aminzadeh, F. (1994). Application of fuzzy expert systems in integrated oil
exploration. Computational Electrical Engineering, 20, 89-97.

Aminzadeh, F., & Simaaned, M. A. (1991). Expert systems in exploration. Tulsa:
SEG Press (244 pages).

An, P, Moon, W.M., Bonham — Carter , G.F, 1992. On knowledge — based
approach on integrating remote sensing, geophysical and geological information.
Proceedings of International Geoscience and remote Sensing Symposium
(UGARSS) 1992, pp. 34 —38.

An, P. Moon, W.M. Bonham - carter, G.F. 1994. An object — oriented
knowledge representation structure for exploration data integration.
Nonrenewable resources 3(2): 132 — 145.

Andri¢, J. M., & Lu, D.-G. (2016). Risk assessment of bridges under multiple
hazards in operation period. Safety Science, 83(Supplement C), 80-92,
doi:https://doi.org/10.1016/].ss¢1.2015.11.001.

Aven, T., 2003. Foundation of risk analysis. John wiley & sons, Itd.

Awasthi, A., & Chauhan, S. S. (2011). Using AHP and Dempster—Shafer theory
for evaluating sustainable transport solutions. Environmental Modelling &
Software, 26(6), 787-796.

Beynon, M. (2002). DS/AHP method: A mathematical analysis, including an
understanding of uncertainty. European journal of operational research, 140(1),
148-164.

Billa, M., Cassard, D., Lips, A.L.W., Bouchot, V., Tourliere, B., Stein, G.,
Guillou-Frottier, L., 2004. Predicting gold-rich epithermal and porphyry systems
in the central Andes with a continental-scale metallogenic GIS. Ore Geology

Reviews 25(1-2): 39-67.

ARIA



Bishop, C. M., 2006. Pattern Recognition and Machine Leaming. Springer
Science+Business Media, LLC, 233 Spring Street, New York, NY 10013, USA.
Boleneus, D.E., Raines, G.L., Causey, J.D., Bookstrom, A.A, Frost, T.P., ~nd
Hyndman, P.C., 2001. Assessment method for epithermal gold deposits rn
northeast Washington State using weights-of-evidence GIS modeling. USGS
Open-File Report 01- 501, 52 pp.

Bonham-Carter, G.F .. Agterberg, F.P., 1999. Arc-WofE: a GIS tool for statistical
integration of .mineral exploration datasets. Proceedings of International
Statistical Institute, Hetsinki, August 11-16, p. 497-500.

Bonham-carter, G.F., 1994. Geographic information system for geoscientists:
modelling with GIS, pergamon, ontario

Bonham-Carter, G.F., Agterberg, F.P., 1990. Application of a microcomputer-
based geographic information systems to mineral potential mapping. In: r.
Hanley, D.F. merriam (Eds.), Microcomputer Applications in Geology, Vol. 2,
Pergamon Press, Oxford, pp. 49-74.

Bonham-Carter, G.F., Agterberg, F.P., Wright. D.F., 1989. Weights of evidence
modelling: a new approach to mapping mineral potential. In F.P. Agterberg, G.F.
Bonham-Carter (Eds.), Statistical Applications in the Earth Sciences, Geological
Survey of Canada, Paper 89-9, pp. 171-183.

Bonham-Carter, G.F., Chung, C.F., 1983. Integration of mineral resource data for
Kasmere Lake area, Northwest Manitoba, with emphasis on uranium.
Mathematical Geology 15(1): 25-45.

Bordossy, G., fodor, J., 2004, Evaluation of uncertainties and risk in geology,
mathematioal approaches, springer verleg berlin

Brunsdon, C., Fotheringham, A. S., & Charlton, M. (2008). Geographically
weighted regression: a method for exploring spatial nonstationarity.
Encyclopedia of Geographic Information Science, 558.

Bui, D. T., Pradhan, B., Lofman, O., Revhaug, I., & Dick, O. B. (2012). Spatial
prediction of landslide hazards in Hoa Binh province (Vietnam): a comparative
assessment of the efficacy of evidential belief functions and fuzzy logic models.
Catena, 96, 28-40.

Burges, C. J. (1998). A tutorial on support vector machines for pattern

recognition. Data mining and knowledge discovery, 2(2), 121-167.
Y\#



Carranaz, E.J.M., 2008. Geochemical anomaly and mineral prospectivity
maooing in GIS, Mand book of exploration and Environmental Geochemistiy, rol
11, Elsevier, Amsterdam.

Carranza, E.J.M, Wibowo, H., Barritt, S.D., Sumintadireja, P., 2008c. Spatial
data analysis and integration for regional-scale geothermal potential mapping,
West Java, Indonesia. Geothermics 33(3): 267-299.

Carranza, E.J.M., 2002. Geologically — Constrained Mineral Potential Mapping
‘(Examples from the Philippines), Ph.D. Thesis, Delft University of Technology,
The Netherlands, ITC (International Institute for Geolnfonnation Science and
Earth Observation) Publication No. 86, Enschede, 480 pp.

carranza, E.J.M., 2008. Geochemical Anomaly and Mineral Prospectlvity
Mapping in GIS, Handbook of Exploration and Environmental Geochemistry,
Vol. 11, Elsevier, Amsterdam

Carranza, E.J.M., Hale, M., 2001a. Geologically-constrained fuzzy mapping of
gold mineralization potential, Baguio district, Philippines. Natural Resources
Research 10(2): 125-136.

Carranza, E.J.M., Hale, M., 2001b. Logistic regression for geologically -
constained mapping of gold mineralization potential, Baguio district. Philippines.
Exploration and Mining Geology Journal 10(3): 165-175.

Carranza, E.J.M., Hale, M., 2002c. Wildcat mapping of gold potential Baguio
district, Philippines. Transactions of the Institution of Mining and Metallurgy
{Section B -Applied Earth Science) 111 (2): 100-105.

Carranza, E.J.M., Hale, M., 2002b spatial association. of mineral association of
mineral occurrences and curvi-linear geological features. Mathematical Geology
Carranza, E.J.M., Mangaoang, J.C., Hale, M., 1999. Application of mineral
exploration models and GIS to generate mineral potential maps as input for
optimum land-use planning in the Philippines. Natural Resources Research 8(2):
165-173.

Carranza, E.J.M., Sadeghi, M., 2010. Predictive mapping of prospectivity and
quantitative estimation of undiscovered VMS deposits in Skellefte district
(Sweden). Ore Geology Reviews, doi:10.1016/j.oregeorev.2010.02.003 .
Carranza, E.J.M., Van Ruitenbeek, F.J.A., Hecker, C.A., Van der Meijde, M.,

Van der Meer, F.D., 2008b. Knowledge-guided data-driven evidential belief
YV



modeling of mineral prospectivity in Caba de Gata, SE Spain. International
Journal of Applied Earth Observation and Geoinformation, doi:
10.1016/j.jag.2008.02.008.

Carranza, E.J.M., Woldai, T., Chikambwe, E.M., 2005. Application of datadriven
evidential belief functions to prospectivity mapping for aquamarinebearing
pegmatites, Lundazi district, Zambia. Natural Resources Research 14(1): 47-63.
Chang, D.-Y. (1996). Applications of the extent analysis method on fuzzy AHP.
European journal of operational research, 95(3), 649-655.

Chen, C.H., Ho, P.G.P., 2008. Statistical pattern recognition in remote sensing.
Pattern Recognition 41: 2731 - 2741.

Chica — Olmo, M. Abarca, F. Riogol, J.P, 2002. Development of a decision
support system based on remote sensing and GIS techniques of gold-rich area
indentification in SE spain. International Journal of Remote Sensing 23 (22):
4801-4814.

Chung, C.F, Agterberg, F.P. 1988. Poisson regression analysis and its
application. In: C.F. Chung, A.G. Fabbri. R. Sinding — Larsen (Eds), Quantitative
Analysis of Mineral and Energy Resources, D. Reidel Publishing Company,
Dordercht, pp. 29-36.

Chung, C.F, Fabbri, A.G. 1993. The representation of geoscience information for
data integration. Nonrenewable Resources 2(2): 122 — 139.

chung, C.F., Agterberg, F.P., 1980. Regression models for estimating mineral
resources from geological map data. Mathematical Geology 12(5): 472-488.
Craven, B., & Islam, S. M. (2011). Ordinary least squares regression: Sage
Publications.

Daneshfar, B., Desrochers, A., and Budkewitsch, P., 2006, MineralPotential
Mapping for Mvr Deposits with Limited Data Sets Using Landsat Data and
Geological Evidence in the Borden Basin, Northern Baffin Island, Nunavut,
Canada .Natural Resources Research, 15(3): 129-149

Davoodi Moghaddam, D., Rezaei, M., Pourghasemi, H.R., Pourtaghie, Z.S.,
Pradhan, B., 2015. Groundwater spring potential mapping using bivariate
statistical model and GIS in the taleghan watershed Iran. Arab. J. Geosci. 8 (2),
913-929.

YA



De Araujo, C.C., Macedo, AB., 2002. Multicriteria geologic data analysis for
mineral favorability mapping: application to a metal sulphide mineralized area,
Ribeira Valley metallogenic province, Brazil. Natural Resources Research 11 (1
): 29-43.

Dempster, A.P, 1967, Upper and lower probabilities induced by a multuvalued
mapping. Annals of mathematical statistics 8(2): 325 — 339.

Dempster, A.P. 1998. A Generalization of Bayesian inference Journal of the
Royal Statistical Society B 30(2): 205 — 247.

Denoeux, T. (2000). A neural network classifier based on Dempster-Shafer
theory. IEEE Transactions on Systems, Man, and Cybernetics-Part A: Systems
and Humans, 30(2), 131-150.

D'Ercole, C., Groves, D.I., Knox-Robinson, C.M., 2000. Using fuzzy logic in a
Geographic Information System environment to enhance conceptually based
prosoectlvdy analysis of Mississippi Valley-type mineralisation. Australian
Journal of Earth Sciences 47(5): 913-927.

Dhillon, P. S., Foster, D. P., Kakade, S. M., & Ungar, L. H. (2013). A risk
comparison of ordinary least squares vs ridge regression. The Journal of Machine
Learning Research, 14(1), 1505-1511.

Eddy. B.G. Bonham — Carter. G.F. Jefferson, C.W. 2006, Mineral Potential
analyzed and mapped at multiple scales — a modified fuzzy logic method using
digital geology. In. J.R. Harris (Ed).Gis for the Earth Sciences. Geological
Assocation of Canada Special Publication 44. Geological Assocation of Canada,
St. John’s. pp. 143 — 162.

Ferson, S., Nelsen, R. B., Hajagos, J., Berleant, D., Zhang, J., Tucker, T.,
Ginzburg, L. R., and Oberkampf, W. L. 2004. Dependence in probabilistic
modeling, Dempster-Shafer theory and probability bounds analysis. New
Mexico. 153 p.

Fotheringham, A. S., Brunsdon, C., & Charlton, M. (2003). Geographically
weighted regression: the analysis of spatially varying relationships: John Wiley
& Sons.

Goh. A.T.C. Gon, S.H. 2007. Support vector machines. Their use in gecetchinal
enginerring as illustrated using seismic liqufacion data. Computers and

Geotechnics 34: 410 —421.
yia



Hagan, M. T., & Menhaj, M. B. (1994). Training feedforward networks with the
Marquardt algorithm. IEEE transactions on Neural Networks, 5(6), 989-993.
Hagan, M., Demuth, H., & Beale, M. (1997). Neural Network Design, PWS
publishing. Boston, MA.

Haris, D.P. Zucher, L. Stanley, M. Marow, J. Pan, G. 2003. A Comparative
analysis of favoubality mappings by weights of evidence probabilistic neural
networkds discriminant analysis, and logistic regression Natural Resources
Research 12(4): 241 — 255.

Harris, D.P, Pan, G. 1999, Mineral Favorability Mapping: a com panson of
artificial neural networks, logistic regression and discriminant analysis Natural
Resources Research 8(2): 93 — 109.

Harris, J.R. Wlkinson. L. Heather, K. Fumerton, S. Bemier, M.A. Ayer, J. Darn,
R, 2001. Application of Gis processing techniques for producing mineral
proscectivity maps — a case study. Mesothemal Au in the Swayze Greenstore Belt
Ontario, Natural Resources Research 10(2): 91 — 124.

Harris, J.R., wilkinsonr., meather, k., fumerton, s., berinieir, M,A., ayer, j., dahan,
1.,2001. Application of GIS processing techinques ps for producing. Mineral
prospectivity maps: mesothermal Au belt, ontario, canada, Natural Resources
Research, 10(2):91-124

Harris. J.R. Sarcom — Barrie, M. 2006. Mineral Potential mapping: Examples
from the Red Lake Greenstore Belt Northwest Ontario. In: J.R. Harris (Ed). Gis
for the Earth Sciences Geogical Association of Canada Special Publiction 44.
Geological Association of Canada. St. John pp. 1 —21.

Harris. J.R. Sarcom — Barrie, M. Panagapko, D.A. Skulski, T. Parker, J.R, 2006,
Gold prospectivity maps of the Red Lake greenstone belt application of GIS
technology Canadian Journal of Earth Sciences 43(7): 865 — 893.

Haykin, S. (1994). Neural networks: a comprehensive foundation: Prentice Hall
PTR.

Hermandeza C.S. Boyd, D.S. fody. G.M. 2007. Mapping Specific habitats from
remotely sensed imagery support vector machine and support vector data
description based classification of coastal saltmarch habitats. Ecological

Informations 2: 83 — 88.

YY-



Hosseinali, F., & Alesheikh, A. A. (2008). Weighting spatial information in GIS
for copper mining exploration. American Journal of Applied Sciences, 5(9),
1187-1198.

Hummel, J. M., Bridges, J. F., & lJzerman, M. J. (2014). Group decision making
with the analytic hierarchy process in benefit-risk assessment: a tutorial. The
Patient-Patient-Centered Outcomes Research, 7(2), 129-140.

Kanungo, D., Arora, M., Sarkar, S., & Gupta, R. (2006). A comparative study of
conventional, ANN black box, fuzzy and combined neural and fuzzy weighting
procedures for landslide susceptibility zonation in Darjeeling Himalayas.
Engineering Geology, 85(3), 347-366.

Kavzoglu, T., Colkesen, 1., 2009. A kernel functions analysis for support vector
machines for land cover classification. International Journal of Applied Earth
Observation and Geoinformation 11, 352-359.

Lee, S., Kim, Y.S., Oh, H.J., 2012a. Application of a weights-of-evidence
method and GIS to regional groundwater productivity potential mapping. J.
Environ. Manag. 96, 91-105.

Lee, S., Song, K.Y., Kim, Y., Park, I., 2012b. Regional groundwater productivity
potential mapping using a geographic information system (GIS) based artificial
neural network model. Hydrogeol. J. 20, 1511-1527.

Liu, Z., Forsyth, D., Safizadeh, S., Genest, M., Mandache, C., & Fahr, A (2006)
The Use of Locally Weighted Regression for the Data Fusion with Dempster-
Shafer Theory. In Proceedings of the 5th International Workshop, Advances in
Signal Processing for Non-destructive Evaluation of Materials, Quebec City
(Canada), ed. Maldague, X, 2006 (pp. 13s18)

Malczewski, J., 1999- GIS and Multicriteria Decision Analysis, John Wiley &
Sons INC.

Manap MA, Sulaiman WNA, Ramli MF, Pradhan B, Surip N (2011) A
knowledge-driven GIS modeling technique for groundwater potential mapping at
the Upper Langat Basin, Malaysia. Arab J Geosci:1-17

Martin, A., & Osswald, C. Experts fusion and multilayer perceptron based on
belief learning for sonar image classification. In Information and Communication
Technologies: From Theory to Applications, 2008. ICTTA 2008. 3rd

International Conference on, 2008 (pp. 1-6): IEEE
YY)



Meng, Y., Tang, D., Xu, H., Li, C., Li, L., & Meng, S. (2014). Geological
controls and coalbed methane production potential evaluation: A case study in
Liulin area, eastern Ordos Basin, China. Journal of Natural Gas Science and
Engineering, 21(Supplement O), 95-111,
doi:https://doi.org/10.1016/j.jngse.2014.07.034.

Mennis, J. (2006). Mapping the results of geographically weighted regression.
The Cartographic Journal, 43(2), 171-179.

Mogaji KA, Lim HS, Abdullah K (2013) Modeling groundwater vulnerability
prediction using geographic information system (GIS)-based ordered weighted
average (OWA) method and DRASTIC model theory hybrid approach. Arab J
Geosci:1-21

MogajiKA,Aboyeji OS, Omosuyi GO (2011) Mapping of lineaments for
groundwater targeting in the basement complex region of Ondo State, Nigeria,
using remote sensing and geographic information system (GIS) techniques. Int J
Water Resour Eng 3(7):150-160

Mohammady M, Pourghasemi HR, Pradhan B. 2012. Landslide susceptibility
mapping at Golestan Province, Iran: a comparison between frequency ratio,
Dempster-Shafer, and weights-of evidence models. J Asian Earth Sci 61:221—
236.

Nampak, H., Pradhan, B., Manap, M.A., 2014. Application of GIS based data
driven evidential belief function model to predict groundwater potential zonation.
J. Hydrol. 513, 283-300.

Neshat, A., Pradhan, B., 2015. Risk assessment of groundwater pollution with a
newmethodological framework: application of Dempster—Shafer theory and GIS.
Nat. Hazards http://dx.doi.org/10.1007/s11069-015-1788-5.

Nikravesh, M., & Aminzadeh, F. (2001). Mining and fusion of petroleum data
with fuzzy logic and neural network agents. Journal of Petroleum Science and
Engineering, 29(3—4), 221-238.

Nykanen, V, Groves, D.I, Ojala, V.. Eilu, P. Gardoll, S.J. 2008a.
Reconnaissance scale conceptual fuzzy — logic prospectivity modeling for iron
oxide copper — gold deposits in the northern Fennoscandian Shield, Finland.

Australian Journal of Earth Sciences 55 (1): 25 — 38.

Yy



Nykanen, V, Groves, D.I, Ojala, V.J. Eilu, P. Gardoll, S.J. 2008b. Combined
conceptual / empirical prospectivity mapping for orogenic gold in the northern
Fennoscandian Shield, Finaland. Australian Journal of Earth Sciences 55(1): 39 —
59.

Oh, H.J., Lee, S., 2010. Application of Artificial Neural Network for GoldSilver
Deposits Potential Mapping: A Case Study of Korea. Natural Resources
Research, doi: 10.1007/s11053-010-9112-2

Omrani, H., lon-Boussier, L. and Trigano, P. 2006. An Approach for
Environmental Impacts Assessment using Belief Theory. Intelligent Systems. 3:
pp: 457- 46.

Ozdemir, A., 2011. GIS-based groundwater spring potential mapping in the
Sultan Mountains (Konya, Turkey) using frequency ratio, weights of evidence
and logistic regression methods and their comparison. J. Hydrol. 411 (3—4), 290-
308.

Pahlavani, P., Sheikhian, H., & Bigdeli, B. (2017). Assessment of an air pollution
monitoring network to generate urban air pollution maps using Shannon
information index, fuzzy overlay, and Dempster-Shafer theory, A case study:
Tehran, Iran. Atmospheric Environment, 167(Supplement C), 254-269,
doi:https://doi.org/10.1016/j.atmosenv.2017.08.039.

Pan, G.C. 1996, Extended Weights of evidence modeling for the pseudo
estimation of metal grades. Nonrenewable Resources. V.5. p 53 — 76.

Pan, G.C., Harris, D.P., 2000. Information Synthesis for Mineral Exploration,
Oxford University Press, Inc., New York.

Park, L., Kim, Y., Lee, S., 2014. Groundwater productivity potential mapping
using evidential belief function. Groundwater 52, 201-207.

Park, N. 2011. Application of Dempster-Shafer theory of evidence to GIS-based
landslide susceptibility analysis, Environ earth Sci. 62: 367-376

Park, N.W., 2010. Application of Dempster—Shafer theory of evidence to GIS-
based landslide susceptibility analysis. Environ. Earth Sci. 62 (2), 367-376.

Park, N.W., 2011. Application of Dempster—Shafer theory of evidence to GIS-
based landslide susceptibility analysis. Environ. Earth Sci. 62 (2), 367-376.

Yyy



Porwal, A., .Carranza, E.J.M., Hale, M., 2003c. Knowledge-driven and data.
driven fuzzy -models for. predictive mineral potential mapping. Natural
Resources Research 12(1 ): 1-25.

Porwal, A., Carranza, E.J.M., Hale, M., 2003a. Extended weights-ofevidence
modelling for predictive mapping of base metal deposit potential in Aravalli
province, western India. Exploration and Mining Geology 10(4): 155-

Porwal, A., Carranza, E.J.M., Hale, M., 2006a, Hybrid neuro — fuzzy model for
mineral potential mapping. Mathematical Geology 36 (7): 803 — 828.

Porwal, A., Carranza, E.J.M., Hale, M., 2006b. Bayesian network classifiers for
mineral potential mapping. Computers & Geosciences 32(1): 1-16.

Porwal, A., Sides, E.J., 2000. A predictive model for base metal exploration I)( in
a GIS environment. International Archives of Photogrammetry and Remote
Sensing XXXI11I(B7): 1178-1184.

Pourghasemi, H.R., Beheshtirad, M., 2014. Assessment of a data-driven
evidential belief function model and GIS for groundwater potential mapping in
the Koohrang Watershed, Iran. Geocarto Int.
http://dx.doi.org/10.1080/10106049.2014.966161.

Pourtaghi, Z.S., Pourghasemi, H.R., 2014. GIS-based groundwater spring
potential assessment and mapping in the Birjand Township, southern Khorasan
Province Iran. Hydrogeol. J. 22 (3), 643-662.

Pourtaghi, Zohre Sadat; Pourghasemi, Hamid Reza (2014) GIS-based
groundwater spring potential assessment and mapping in the Birjand Township,

Southern Khorasan Province, Iran; Hydrogeology Journal, Volume 22, Issue 3,

pp 643-662.

Pradhan, B., 2009. Groundwater potential zonation for basaltic watersheds using
satellite remote sensing data and GIS techniques. Open Geosci. 1 (1), 120-129.
Rahmati, O., Nazari Samani, A., Mahdavi, M., Pourghasemi, H.R., Zeinivand,
H., 2014. Groundwater potential mapping at Kurdistan region of Iran using
analytic ~ hierarchy = process and GIS. Arab. J.  Geosci. doi
http://dx.doi.org/10.1007/s12517-014-1668-4.

YYY¥



Rahmati, O., Pourghasemi, H.R.,Melesse, A.M., 2016. Application of GIS-based
data driven random forest and maximum entropy models for groundwater
potential mapping: a case study at Mehran Region, Iran. Catena 137, 360-372.
Ranjbar, H., Honarmand, M., 2004. Integration and analysis of airborne
geophysical and ETM+ data for exploration of porphyry type deposits in the
Central Iranian Volcanic Belt using fuzzy classification. International Journal
Rigol — Sanchez, J.P. Chica — Oimo. M. Abarca — Hernandez , F. 2003, Artficial
neural networks as a tool for mineral potential mapping with GIS International
Journal of Remote Sensing 24(5): 1151-1156

Rogge, D.M .Halden, N.M .. Beaumont-Smith, C., 2006. Application of data
integration for shearhosted Au potential modelling: Lynn Lake Greenstone Belt,
Northwestern Manitoba, Canada. In: J.R. Harris (Ed.), GIS for the Earth
Sciences, Geological Association of Canada Special Publication 44, Geological
Association of Canada, St John's, pp. 191-210.

Rogova, G. (1994). Combining the results of several neural network classifiers.
Neural networks, 7(5), 777-781.

Rogova, G. L. (2008). Combining the Results of Several Neural Network
Classifiers. Classic Works of the Dempster-Shafer Theory of Belief Functions,
219, 683-692.

Saaty, R. W. (1987). The analytic hierarchy process—what it is and how it is
used. Mathematical Modelling, 9(3), 161-176, doi:https://doi.org/10.1016/0270-
0255(87)90473-8.

Saaty, T. L. (1990). Decision making for leaders: the analytic hierarchy process
for decisions in a complex world: RWS publications.

Shafer, G. 1976, A Mathematical Theory of Evidence. Princeton University
Press, Princeton, N.J.

Singer, D.A., 1993. Basic concepts in three part quantitative assesments of
mineral resources. Nonrenewable resources, 2(2): 69-81

Skabar, A, 2007b. Modeling the spatial distribution of mineral deposits using
neural networks. Natural Resource Modeling 20(3): 435-450.

Tangestani, M. H., & Moore, F. (2002). The use of Dempster—Shafer model and
GIS in integration of geoscientific data for porphyry copper potential mapping,

YYO



north of Shahr-e-Babak, Iran. International Journal of Applied Earth Observation
and Geoinformation, 4, 65-74.

Tangestani, M.H., Moore, F., 2003. Mapping porphyry copper potential With a
fuzzy model, northern Shahr-e-Babak, Iran. Australian Journal of Earth Sciences
50(3): 311-317.

Thiart, c., De wit, M., 2000. Linking spatial statistics to GIS: Exploring potential
gold and tin model of african journal of geology. 103(3-4): 215-230

Van Laarhoven, P., & Pedrycz, W. (1983). A fuzzy extension of Saaty's priority
theory. Fuzzy sets and Systems, 11(1-3), 229-241.

Vapnik, V. N. (1998). Statistical learning theory (Vol. 2): Wiley New York.
Venkataraman, G., Babu Madhavan, B., Ratha, D.S., Antony, J.P., Goyal, R.S.,
Banglani, s .. Sinha Roy, s .. 2000. Spatial modeling for base-meta: mineral
exploration through integration of geological data sets. Natura Resources
Research 9(1): 27-42.

Wang, L.-X. (1999). A course in fuzzy systems: Prentice-Hall press, USA.

Wang, W., Men, C., & Lu, W. (2008). Online prediction model based on support
vector machine. Neurocomputing, 71(4), 550-558.

Wang, Tien chin; Chen, Yueh (2008), Applying fuzzy linguistic preference
relations to the improvement of consistency of fuzzy AHP, Information Sciences
(78), 3755-3765.

Wright DF, Bonham-Carter GF (1996) “VHMS favourability mapping with GIS-
based integration models, Chisel Lake—Anderson Lake area.”In: EXTECH I, a
multidisciplinary approach to massive sulphide research in the Rusty Lake-Snow
Lake Greenstone Belts, Manitoba, Eds.

Xu, Y., Cheng, Q., 2001. A fractal filtering technique for processing regional
geochemical maps for mineral exploration. Geochemistry: Exploration, Envir-
onment Analysis 1, 147-156.

Yager, Ronald R; Alajlan, Naif (2015) Dempster—Shafer belief structures for
decision making under Uncertainty, Knowledge-Based Systems, Vol 80, pp 58—
66.

YY#



Yilmaz I. 2010. Comparison of landslide susceptibility mapping methodologies
for Koyulhisar, Turkey: conditional probability logistic regression, artificial
neural networks, and support vector machine. Environ Earth Sci 61(4): 21-836.
Yousefi, M., & Carranza, E. J. M. (2016). Data-driven index overlay and
Boolean logic mineral prospectivity modeling in greenfields exploration. Natural
Resources Research, 25(1), 3-18.

Yu, H., & Kim, S. (2012). SVM Tutorial—Classification, Regression and
Ranking. In Handbook of Natural Computing (pp. 479-506): Springer.

Zadeh, L.A., 1965, Fuzzy sets: IEEE Information and Control, vol 8, p. 338-353.
Zhou, C., Lu, X., & Huang, M. (2016). Dempster—Shafer theory-based robust
least squares support vector machine for stochastic modelling. Neurocomputing,
182, 145-153.

Zohre Sadat Pourtaghi, Hamid Reza Pourghasemi (2014) GIS-based groundwater
spring potential assessment and mapping in the Birjand Township, southern
Khorasan Province, Iran. Hydrogeology Journal, DOI: 10.1007/s10040-013-
1089-6

Zuo, R., Carranza, E.J.M., 2011. Support vector machine: A tool for mapping
mineral prospectivity. Computers & Geosciences 37, 1967-1975.

Zuo, R., Cheng, Q., Xia, Q., 2009. Application of fractal models to
characterization of vertical distribution of geochemical element concentration. J.

Geochem. Explor. 102, 37-43.

Yyv



Abstract:

Uncertainty with reality is mixed with reality, and accurate presentation of reality is not
always possible. Modeling and estimating the development of mineralization due to the
presence of ambiguities in exploration data is also not excluded from this principle, and
avoidance of uncertainty in the exploration data modeling is usually difficult and its
approximate presentation in decision making The final is a must-see. In this research, an
optimal method, derived from the integration of knowledge-based and data-based
methods of the theory of estimating functions (Demester-Shafer), was presented. For
this purpose, an artificial data series was first produced and each of the data-based and
knowledge-based methods using the data was investigated and a method for integrating
the data-based and knowledge-based theory of estimating functions was proposed.
These methods have been investigated with real data that have been obtained from the
Central Iron Mineral Range of Iran, and their effectiveness has been investigated.
Finally, the results of different methods were compared. The best results are shown by
the combined method of artificial neural network and FAHP (Fuzzy-AHP) with
available data. In this report, first in the first chapter, we describe the generalities of the
research; in chapter two, the theoretical principles of the Dempse-StraBe method are
stated. In the third and fourth chapters, using artificial and real data, the research has
been followed. Finally, in the fifth chapter, the results and suggestions of the research
are presented.

Keywords: Dempster Shafer, EBF (Evidential Belief Function), Data Integration,
Central Iran, Artificial Neural Network, Fuzzy, AHP
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