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import java.util_Vector;

import java.util_HashSet;

import java.util.Collections;
import java.util_Comparator;
import java.util_StringTokenizer;

/**
* Reference implementation of Rough Sets rule generation using boolean condition
* and decision attributes.
*/
public class RoughtSets {
public static int DECISION_ATTRIBUTE_IDX=8;
public static int LAST_CONDITION_ATTRIBUTE_IDX=DECISION_ATTRIBUTE_IDX-1;

/**
Computes all equivalence classes. The result is a vector of patterns instead
of a vector of sets. A pattern is represented by the vector of values for the
different attributes considered for computing the equivalence classes (a subset of
a).
@param data The data array containing condition and decision attribute values

for the e-mails.
@param attributes Array containing the indices of attributes considered for
computing
*

O % X X X X

classes
* @return A vector with the patterns (values for all condition attributes considered)
* of the equivalence classes.
*/
public static Vector<Vector<Boolean>> computeclasses(Boolean data[][], int
attributes[]){
Vector<Vector<Boolean>> result=new Vector<Vector<Boolean>>();

//For each data row
for (int i=0;i<data.length;i++){
//Compute a combination of attributes
Vector<Boolean> v=new Vector<Boolean>();
for (int j=0;j<attributes.length;j++)
v.add(data[i][attributes[j]]):

//See if the combination has been computed and included before
boolean included=false;
for (int j=0;j<result.size() && lincluded;j++){
Vector<Boolean> v2=result.get(j);
boolean elEqual=true;
for (int k=0;k<v.size() && elEqual;k++){
elEqual=v.get(k).equals(v2.get(k)); //Lo normal

}
if (elEqual) included = true;
3

//1f the combination was not found before, include it now.
if (Yincluded){

result_add(v);
T

}

return result;

}

/**
* Show an equivalence Class set using stdout
* @param classes Equivalence classes patterns computed
* @param attributes Attributes considered for computing the equivalence classes
*/
public static void printEqClassSet(Vector<Vector<Boolean>> classes, int attributes[]){
int j=0;
for (Vector<Boolean> current:classes){
System.out.printIn('Class: "+(J++));
for (int i = 0 ; i<attributes.length; i++){
System.out.print(a”"+(i+1)+"="+(current._get(i)?" true, ":"false, '));

System.out.printin();

}
}

/**
* Compute the lower approximation for a concept. The concept should be included in the
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75 * data matrix. The lower approximation is computed as a vector of equivalence class
patterns

76 * instead of a set of objects (e-mails).

77 * @param data Data matrix containing all atributes considered and also the concept

78 * @param attributes Attributes (column indices) considered to compute the lower
approximation

79 * @param concept Concept column index to compute the lower approximation

80 * @return set of equivalence classes patterns that conforms the lower approximation

81 */

82 public static Vector<Vector<Boolean>> lowerAprox(Boolean data[][], int attributes[],
int concept){

83 Vector<Vector<Boolean>> eqClasses=computeclasses(data, attributes);

84 Vector<Vector<Boolean>> result=new Vector<Vector<Boolean>>();

85

86 //printEgClassSet(eqClasses,attributes);

87

88 //For each equivalence class

89 for (int i=0;i<eqClasses.size();i++){

90 Vector<Boolean> currentclass=eqClasses.get(i);

91 //Check if all instances included in the equivalance class are positive

92

93 boolean shouldBelncluded=true;

94 boolean onePositive=false;

95 //for each instance see if it belongs to the class. If yes check if

96 //the class can bee included in the lowerApprox

97 for (int j=0;j<data.length && shouldBelncluded;j++){

98 boolean belongs=true;

99 for (int k=0;k<attributes.length && belongs;k++){

100 belongs=(currentclass.get(k)==data[j][attributes[k]]):

101

102

103 //1Ff current instance belongs current class, then, the current class

104 //can be included into lowerApprox If its decission attribute is positive

105 it (belongs){

106 shouldBelncluded=(

107 data[j][concept]==null ]| data[j][concept]

108 );

109 onePositive=onePositive || data[j][concept]!=null && data[j][concept];

110 }

111 }

112

113 //after checking all instances of the same class

114 //if the class still should be included, then include in the result of the

lowerApprox

115 if (shouldBelncluded && onePositive) result.add(currentclass);

116 }

117

118 return result;

119 }

120

121 /**

122 * Compare two lower approximations to test if they are equivalent. This function is

123 * used to compute reducts.

124 * @param data Data considered for computing the lower approximations. The data

125 * is unique for both lower approximations but the attribute list may

126 * differ.

127 * @param lal First lower approximation to compare given in the form of set of

128 * equivalence classes patterns

129 * @param atl List of attribute indices considered for computing the first
approximation

130 * @param la2 Second lower approximation to compare given in the form of set of

131 * equivalence classes patterns

132 * @param at2 List of attribute indices considered for computing the second

133 * approximation

134 * @param concept Attribute (column) index considered as decision attribute (concept)

135 * @return A value indicating if the lower approximations are equal

136 */

137 public static boolean equalLowerAprox(Boolean data[][]., Vector<Vector<Boolean>> lal,
int atl[], Vector<Vector<Boolean>> la2, int at2[], int concept){

138 boolean equal=true;

139

140 HashSet<Integer> dataRowsl=new HashSet<Integer>();

141 HashSet<Integer> dataRows2=new HashSet<Integer>();

142 HashSet<Integer> allRows=new HashSet<Integer>();

143

144 //For each instance in the first lower approximation
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for (int i=0;i<lal.size();i++){
Vector<Boolean> lalcurrent=lal.get(i);

//For each instance j, see if it fists with i class pattern to build a vector
of
//instances that fits with 1 pattern
for (int j=0;j<data.length;j++){
boolean instanceFits=true;
for (int k=0; k<atl.length && instanceFits;k++){
instanceFits=(data[j][atl[k]]==1alcurrent.get(k));

//1f instance fits, it is included into the vector of instances that
matches lal
iT (instanceFits){
dataRowsl.add(j);
allRows.add(j);
b
}
s

//For each instance in the first lower approximation
for (int i=0;i<la2.size(Q);i++){

Vector<Boolean> la2current=la2._.get(i);

//For each instance j, see if it fists with i class patern to build a vector of
//instances that fits with i pattern
for (int j=0;j<data.length;j++){
boolean iInstanceFits=true;
for (int k=0; k<at2.length && instanceFits;k++){
instanceFits=(data[j][at2[k]]==1a2current.get(k));

//1f instance fits, it is included into the vector of instaces that matches
1a2
if (instanceFits){
dataRows2.add(j);
allRows.add(j);
3
T
3

equal=dataRowsl.equals(dataRows2);

//Check equivalence for concepts that handle null values
if (Tequal){
equal=true;
/*Compute those ones that does not fit and see if they have null for the
concept/decision attribute */
for (Integer j:allRows){
iT (ldataRowsl.contains(j) || !dataRows2.contains(j))
equal=(data[j][concept]==null);
}
}

return equal;

}

/**
* Used internally to store reducts into a variable avoiding repeating them
* @param reduct Set of attribute (column) indices composing the reduct
* @param reducts Vector to store the reducts. This is a Input/Output parameter
*/
private static void addReduct(int reduct[], Vector<String> reducts){
String currentReduct=new String();

for (int k=0;k<reduct.length;k++){
currentReduct+=("a"+(reduct[k]+1)+(k==reduct. length-1?"":", "));
}

boolean found=fTalse;
for (int i=0;i<reducts.size() && !found;i++){
found=reducts.get(i).equals(currentReduct);

}
it (1found)
reducts.add(currentReduct);
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/**
* Print a list of reducts using stdout
* @param reducts List of reducts to print
*/
public static void printReducts(Vector<String> reducts){
for (int i=0;i<reducts.size();i++){
System.out.printIn("’'Reduct: "+reducts.get(i));
¥

}

/**
* This internal function is able to recursively find reducts for a given data and a
given concept.
* As a reducts should be minimal, when a candidate for reduct is found, we should
recursively
* test if we can found a reduct drooping some attributes from candidate. Recursion is
* a good choice for doing that. However, we are aware that recursion could be avoided
* using a Stack data structure.
* @param data Data considered to compute the reducts. Should contain A (condition
attribute matrix)

* and X (decision attribute matrix).

* @param currentAttributes Attributes (columns) indices considered to compute the

* reducts. Initially this should be initialized to handle all
*

condition attribute (A) indices.
* @param concept The concept (decision attribute or X) index considered to compute the
reducts.
* @param reducts Is a input/output parameter that contains the reducts found
recursively.
* Initially, it should be contain a void vector. When the function

ends,

* this vector will have all reducts found.

* @return True if a reduct is found. This is useful to take advantage of recursion to
* compute reducts.

*/

private static boolean _computeReducts(Boolean data[][], int currentAttributes[], int
concept, Vector<String> reducts){

Vector<Vector<Boolean>> lowerAproxCurrentAttributes=lowerAprox(data,
currentAttributes, concept);

Vector<Vector<Boolean>> lowerAproxProposal;

boolean foundReduct=false;

if (currentAttributes. length==0){
return false;

}else if (currentAttributes.length==1){
addReduct(currentAttributes,reducts);
return true;

}

//Drop one attribute and, check iIf there is reduct using this subset of features. If
//found a reduct with a subset of attributes of currentAttributes param,
currentAttributes
//is not a reduct.
for (int i=0;i<currentAttributes.length;i++){
int proposal[]=new int[currentAttributes.length-1];
for (int k=0;k<currentAttributes.length-1;k++){
if (k<i) proposal[k]=currentAttributes[k];
else if (k>=i) proposal[k]=currentAttributes[k+1];
3

lowerAproxProposal=lowerAprox(data, proposal, concept);

//proposal is a reduct candidate if the lower approximations of the concept
computed with proposal attributes

//is equivalent to the one computed by the initial attribute set.

iT (equallLowerAprox(data, lowerAproxCurrentAttributes, currentAttributes,
lowerAproxProposal, proposal, concept)){

//1f proposal is a reduct candidate, and we can not find reducts by dropping
attributes, then proposal is a reduct.

if (!_computeReducts(data, proposal, concept, reducts))

addReduct(proposal, reducts);

//Both if proposal is finally a reduct, or if we can found a subset of
features included in proposal
//that is a reduct, we found a reduct. Therefore, the original attribute set
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(currentAttributes parameter)

280 //is not a reduct.

281 foundReduct=true;

282 }

283 }

284

285 // IT we were not able to found a reduct using a subset of features included in
currentAttributes,

286 //then currentAttributes is a reduct.

287 if (IfoundReduct){

288 addReduct(currentAttributes,reducts);

289 }

290

291 return foundReduct;

292 }

293

294 /**

295 * Computes the reducts for a given data (condition and decision attributes), the

296 * indices for condition attributes and the index for the decision or concept

297 * attribute.

298 * @param data Data considered to compute the reducts. Should contain A (condition

attribute matrix)
*

299 and X (decission attribute matrix).

300 * @param currentAttributes Attributes (columns) indices considered to compute the

301 * reducts. Initially this should be initialized to handle all

302 * condition attribute (A) indices.

303 * @param concept The concept (decision attribute or X) index considered to compute the
reducts.

304 * @return Reducts for the given data sorted by size.

305 */

306

307 public static Vector<String> computeReducts (Boolean data[][]., int currentAttributes[],
int concept){

308 Vector<String> reducts=new Vector<String>();

309 _computeReducts(data, currentAttributes, concept, reducts);

310

311 Collections.sort(reducts,new Comparator<String>(Q{

312 public int compare(String Xx,String y){

313 return x.length()-y.length(Q);

314 }

315 H:;

316 return reducts;

317 }

318

319 /**

320 * Check if a data row (object) fits to an equivalence class pattern

321 * @param data Data considered to check. Should contain A (condition attribute matrix)

322 * and can contain X (decision attribute matrix).

323 * @param objldx Object (row) index for the object to check if it belongs to class.

324 * @param attributes Attributes considered when we computed the equivalence classes
set.

325 * The same ones should be used for comparison purposes.

326 * @param classPattern Equivalence class pattern that should be checked

327 * @return a boolean value indicating if the object belongs to class or not

328 */

329

330 private static boolean belongsClass(Boolean data[][], int objldx, int attributes[],

Vector<Boolean> classPattern){

331 boolean belongs=true;

332 for (int k=0;k<attributes.length && belongs;k++){

333 belongs=(classPattern.get(k)==data[objldx][attributes[k]l]);

334

335

336 return belongs;

337 }

338

339 /**

340 * Find a class pattern from a set of class patterns that fits with an specific object

341 * @param data Data considered to check. Should contain A (condition attribute matrix)

342 * and can contain X (decission attribute matrix).

343 * @param objldx Object (row) index for the target object.

344 * @param attributes Attributes considered when we computed the equivalence classes
set.

345 * The same ones should be used for comparison purposes.

346 * @param classes The Vector for patterns to select the most appropriate one

347 * @return A pattern for an equivalence class that fits current object. Null if
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* we were not able to found a suitable pattern.
*/
private static Vector<Boolean> findClass(Boolean data[][], int objldx, int
attributes[], Vector<Vector<Boolean>> classes){
boolean found=false;
Vector<Boolean> current=null;

for (int i=0;i<classes.size() && !found ;i++){
current=classes.get(i);
found=belongsClass(data, objldx,attributes, current);

}

return found?current:null;

}

/**
* Used internally to find the occurrences of a char into a string
* @param target the target string to count occurrences
* @param needle the character to check
* @return the number of occurrences of the char in the string
*/
private static int countOccurrences(String target, char needle){
int count = O;
for (int i=0; i < target.lengthQ); i++)
if (target.charAt(i) == needle)
count++;
return count;

}

/**
* Shows a matrix of data (A and X)
* @param mat Matrix of data to show
*/
public static void showMatrix(Boolean mat[][1){
for (int i=0;i<mat.length;i++){
for (int j=0;j<mat[0].length;j++)
if (J<mat[0]-length-1)
System.out.print(mat[ilj]+", ):
else
System.out.print(mat[i]1[D):
System.out.printin();

}

/**
* Generate a ruleset from the given data to guess a specific decision attribute.
* @param data Data considered to compute the reducts. Should contain A (condition
attribute matrix)
* and X (decission attribute matrix).
* @param attributes Attributes (columns) indices considered to compute the
* reducts. Initially this should be initialized to handle all

* condition attribute (A) indices.

* @param decisionAttr Decision attribute index in data to be considered in rule
generation

* @return Array of strings where each string contains a rule.

*/

public static String[] generateRules(Boolean data[][], int attributes[], int
decisionAttr){

//attributes selected for MatX
int matXAttrs[]=new int [data[0].length-1];
for (int i=0;i<matXAttrs.length;i++) matXAttrs[i]=i;

//Atrributes of Q
int gAttrs[]=new int[1];
gAttrs[O]=decisionAttr;

Vector<Vector<Boolean>> classes=computeclasses(data,gAttrs);
HashSet<String> rules=new HashSet<String>();

for (int i=0;i<data.length;i++){ //Para cada objeto
Vector<Boolean> elementClass=findClass(data, i, gAttrs, classes);

Boolean matX[][]=new Boolean[data.length][data[0]-length];
for (int j=0;j<data.length;j++)
for (int k=0;k<data[0].length;k++)
if (k<data[O].length-1)
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matX[j][k]=data[j][k]:
else it (g==1)
matX[j][k]=true;
else if (belongsClass(data,j,qAttrs,elementClass))
matX[j][k]=null;
else
matX[j]I[k]=false;
Vector<String> matXReducts=new Vector<String>();
_computeReducts(matX, matXAttrs, decisionAttr, matxXReducts);
//Select the shortest reduct
Collections.sort(matXReducts,new Comparator<String>({
public int compare(String X,String y){
return countOccurrences(x, °,")-countOccurrences(y, ".,"):;
}
D:
String shortestReduct=matXReducts.get(0);
StringTokenizer st = new StringTokenizer(shortestReduct,", ",false);
String currentRule="if ";
whille (st.hasMoreTokens()) {
String att=st._nextToken();
int attldx=Integer.parselnt(att.substring(l1))-1;
currentRule+=att+" = "+data[i][attldx]+(st.hasMoreTokens()?" and ":" *);

}

/**
* Launches a test of the class developed to test the data shown in the
* manuscript
* @param args Array of args received from command line (no one expected)
*/

currentRule+=""then d1l1
rules._add(currentRule)

' + data[i][decisionAttr];

b e
String ret[]=new String[rules.size()];
int i=0;
for(String j:rules){
ret[i]l=j;
i++;

}

return ret;

public static void main (String args[]){

/*

Example of data used in the paper. Columns 0-7 are the values for the
condition attributes while column 8 contains the decision attribute (spam).
Each row represents the different values for a concrete e-mail. In the paper
this represents A and X matrixes.

*/

Boolean sampleData[][1={

{false, false, false, true, true, false, true, Tfalse, true },

{false, true, true, false, false, false, false, false, false},

{true, true, true, false, false, true, false, false, false},

{false, false, false, true, TfTalse, false, false, true, true },

{false, false, false, false, false, false, true, true, true },

{true, true, false, true, false, true, false, false, false}

};

//Show data
System.out.printIn('Data™);
RoughtSets.showMatrix(sampleData);

//Build the condition attribute index list

int currentAttributes[]=new Int[LAST_CONDITION_ATTRIBUTE_IDX+1];

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

}

//Compute reducts

Vector<String> reducts=RoughtSets.computeReducts(sampleData,
currentAttributes,DECISION_ATTRIBUTE_IDX);

//Show reducts for spam (last attribute of data)
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System.out.printIn('Reducts for x: ");
RoughtSets.printReducts(reducts);

//Compute rules

String rules[]=RoughtSets.generateRules(sampleData, currentAttributes,
DECISION_ATTRIBUTE_IDX) ;

//show rules

System.out.printIn("'Rules: ");

for (String current:rules) System.out._println(current);
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