
SynDECA: A Tool to Generate Synthetic Datasets for
Evaluation of Clustering Algorithms

Jhansi Rani Vennam Soujanya Vadapalli

Centre for Data Engineering
International Institute of Information Technology

Gachibowli, Hyderabad, INDIA
(jhansi,soujanya)@iiit.ac.in

ABSTRACT
� � � � � 
 � � � � 
 � � � � � � � � 
 �  � � � � � � �  � % � � % � * 
 � 
 
 � / � � / � � 
 2
� � � � � 
 4 5 %  � % � � �  2 
 � �  � : � � � � � 
 � � � � � � �  � � � � : � % � / 
 � 4 * � � : ;
 � � 2 
 � �  �  
 � � � 2 �  = 
 � > ? % 
 � 
 � � 
 � � � 
 � � % � � � D  � � 2 � � � � 
 � �
5  � % %  � % 2  � 
 � �  � � � �  � : � � 2 � �  � 
 4 5 %  � % � � � 
 * � � � � � 
 � � � � ;
� 
 �  � � � � � � �  � % � � � � * � �  � � � � � / 
 � � � �  D 
 � � � � � �  �  � : 4 � � � � ;
� � � : � � 2 � � � � � � � 
 � � � � � �  � 
 > N 
 � � ; �  � 
 2 � � � � 
 � � � � 
 � 
 5  �
� � � � 
 � � � 2 2 � � � � % � * 
 � % 
 S � �  �  � � � T � � � � � 
 �  � � � 
 � � � � � � :
2 
 � � � � � > ? %  � 
 � / % � �  = 
 � � % 
 � 
 
 2 � � % � * 
 � � � � � D  � � % � �

� � � � 
 � 
 � � � 
 2 � � � � 
 � � 4 5 %  � % �  �  � � 
 � � ; �  � 
 2 � � � � � 2 / � � ;
*  2 
 � � % 
 � � � � � � � � � � � 
 �  � � � 
 � � � � � > [ � � %  � / � / 
 � 4 5 
 / � � ;
/ � � 
 � 
 5 � � � � �  � % � � � � 2 � 
 � % � 2 � � � �  
 � � % � � � 
 � 
 � � � 
 %  � % ;
2  � 
 � �  � � � � 2 � � � � 
 � � � � � � � 5  � % � % 
 � �  �  � � � � � � � � 
 �  � � � 
 ;
� � � � � > d 
 2 
 * 
 � � / 
 2 � � � � � D  � � � � � 
 2 g : � h i j � l m n o � % � �
� 
 � 
 � � � 
 � � : � � % 
 �  � 2 � � � � 
 � � � � � 
 2 � � � % 
 � � � � �  � % � � / � � ;
/ � � 
 2 >

1. INTRODUCTION
q r s t u v w x y z  � � % 
 / � � � 
 � � � � � � � � /  � � � � 
 � � � � � { 
 � � �  � � �

� � � � � 
 � � � t x | x r } w � � { 
 � � � > � � r s t u v w  � � � � � � 
 � �  � � � � 2 � � �
� � { 
 � � � � % � � � � 
 �  �  � � � � � � � { 
 � � � 5  � %  � � % 
 � � � 
 � � � � ;
� 
 � � � 2 2  � �  �  � � � � � � % � � 
  � � � % 
 � � � � � � 
 � � l � o > g  �  � � �  � :

� � 
 � 5 
 
 � � 5 � � � { 
 � � �  � � � � � � � � � 
 2 � �  � � � 2  � � � � � 
 � 
 � ;
� � � 
 > ? % 
 � � �  � : � � � � ; � � � � 2  � � � � � 
 � 4 � � % � � � � � �  � 2  � ;
� � � � 
 � � � � �  � � � � � 
 � 
 5 � � � 
 � �  � � > � � � � /  � � � � � % 
 � � { 
 � � �
� � � � 
 2 � � 
 � �  � � � � : � � � } w u x u x � y x y z l � 4 � o 4 � x v w } w � � x � } r l � 4

m � 4 m � o 4 � v y t x u � � � } t v � l m � 4 � o 4 z w x � � � } t v � l m � o � � 2 | � � v r � � } t v �
l m o � 
 � % �  � � 
 � > ? % 
 � � � � � � � � � � � 
 �  � �  � � �  2 
 � �  � : � � 2 
 � � : ;

 � � / � � � 
 � � � � � � 
 2 � � � % 
 �  �  � � �  �  
 � � 
 � 5 
 
 � � % 
 � � { 
 � � � >
� � � � � 
 4 5  � % � % 
 
 � / � � �  � � � � 2 � � � 4 � % 
 �  = 
 � � 2 � � � � 
 � �

� � � 
 � � � � � 
 � 
 2 % � �  � � � 
 � � 
 2 � � 
 � 
 � 2 � � � � : > ? % � � 
 � � � � �  � � 4

� ? % 
 � 
 � � � �  �  � � �  � : � � 2 2  � � � � � 
 � � 
 � � 
 2  � � 
 � � % � � � 
 � � � : >
? % 
 � 
 � � � % 
 2  � � � � � 
 � 
 � 5 
 
 � � % 
 � 5 � � � { 
 � � � � % 
 � � � 
 �  � ;

 � � � � % 
 : � � 
 >

��

� % 
 � � � � � 5  � � � 
 5 � 
 � �  � 
 � 
 � � � � � � % 
 � � � � � 
 �  � � � � � � �  � % � � �

m > � � } r } � x r x u � � � u � v } r z � w x u � | � ? % 
 � � � � �  � % � � % � � � 2 � 

� � � 
 � � % � � 2 � 
 * 
 � : � � � � 
 2 � � � � 
 � � > ? % 
 � � 2 
 � � � � % 

 � / � � � 
 � � � 2 �  � � 2 � � � � 
 � � % � � � 2 � � � � ¡ 
 � � � % 
 � � � / � �
� � � % 
 � � � � � 
 �  � � � � � � �  � % � >

¢ > £ x z � � � x | v y t x � y } r � } u } � ? % 
 � � � � �  � % � � � % � � � 2 � 
 � � � 

� � % � � 2 � 
 � � � � 
 2  � 
 � �  � � � � 2 � � � >

¤ > £ v u v w � z v y v � s t } u u w x � s u v t � � �  �  � : � � % � � 2 � 
 * � �  � � �
� : / 
 � � � � � � �  � � � 
 � ¥ � � � 
 �  � � � 4 � � � 
 � � �  � � � ¦  �  � / � � ;
� � � � 4 2 � 
 � �  � � � 
 � �  � � � � � � � 
 � � % 
 � 
 � � � 
 � 
 � � � 2 � � � 4
� � � � � 
 >

� > q � | � r v § t � } � v t � � � r s t u v w t � ? % 
 � � � � � � � : � � � % 
 � � � � ;
� 
 �  � � � 
 � � � � � % � � � 2 � 
 � � � 
 / � � � � 
 2 
 � /  � 
 � % 
 / � 
 � 
 � � 

� � � � � / � 
 � � % � / 
 2 � � � � � 
 � � >

n > ¨ � x t v � ? % 
 � � � � �  � % � � % � � � 2 � 
 � � � 
 � � % � � 2 � 
 � �  � 

� � � > ª � 
 � 
 � � 
 � � � �  � 
 � % � � � 2 � � � 2 
 � 
 � � % 
 � � � � � � � :
� � 
 « �  
 � � : � � � % 
 � � � � � 
 �  � � � � � � �  � % � >

? % 
 � � � � � 
 � 
 � � 5 � � D  � � � � � � 
 �  � � � � � � �  � % � � l � 4 ¤ 4 m � 4
n o � 2 2 � 
 � � � � � � � � � � � � % 
  � � � 
 � � 
 � �  � � 
 2 � � � * 
 > ¬ � 5 
 * 
 � 4
� � : � � � � � 
 �  � � � � � � �  � % � � 
 
 2 � � � � 
 
 * � � � � � 
 2 � � �  � � � �  �  � :

� � % � � 2 � 
 � % 
 � 
  � � � 
 � > ­ � � � % 
 � � D 
 � � 
 * � � � � �  � � 4 5 
 � 
 
 2
2 � � � � 
 � � 5 %  � % � � 
 � � � � 
 4 � �  � : � � 2 %  � % ; 2  � 
 � �  � � � � 5  � %

� % 
 / � 
 � 
 � � 
 � � � � � / � 
 � � � � � � 
 � � > [ � � 2 2  �  � � � � � %  � 4 � % 
 S � � ;
� � � � T � � � � � 
 �  � � � 
 � � � � � % � � � 2 � � � � � 
 � * �  � � � � 
 � � � 
 � � % � � � D
� % 
 � 
 � � � � � �  * 
 � � : * � �  � � � � � � � � 
 �  � � � � � � �  � % � � > g � � %

2 � � � � 
 � � � � � � � 5  � % � % 
 � � � � � 
 �  � � � 
 � � � � � � � 
 * 
 � : � 
 � �  �
� � � � 
 � > ? % � � � % � % 
 � 
 � � 
 � 
 5 � 
 � 2  � : � * �  � � � � 
 � 
 � � ; �  � 

2 � � � � 
 � � 4 � % 
 � � � � � � � � � � � 
 �  � � � 
 � � � � � � � 
 � � � D � � 5 � > ? %  �
� 
 � 
 � �  � � � 
 � � � � � � � � � 
 2 
 *  � 
 2 4 � � / � � � 
 � � � 
 � 
 � � �  � � %  � % ;
2  � 
 � �  � � � � 4 � �  � : 2 � � � � 
 � � � � � � � 5  � % � % 
 � �  �  � � � � � � � � 
 � ;

 � � � 
 � � � � � > � � � � � � � D  � g : � h i j � ¥ g : � � % 
 �  � h � � � � 
 � � � �
i * � � � � � 
 j � � � � 
 �  � � � � � � �  � % � � ¦ � 
 � 
 � � � 
 � � � � � 
 � �  � : %  � % ;
2  � 
 � �  � � � � 2 � � � � 
 � � > � � � � 
 � % �  � � 
 � � � 
 � � � � � � � � 2  � � � �


 � / 
 �  � 
 � � � � � 
 � �  � � 5 
 � % � 5 � % � � g : � h i j � � � � � 2 � 
 � 
 � � � 

� m � � ; 2  � 
 � �  � � � � 2 � � � � 
 � 5  � % m 4 � � 4 � � � 2 � � � / �  � � � 4 5  � %
� � � � � � / 
 � � 
 � � � � 
 � � � �  � 
 > g : � h i j � � � � � / � � *  2 
 � � % 

 � � � � � � �  � � � � � � � 
 � � % / �  � � ¥ 5 % 
 � % 
 �  � � 
 � � � � � � � � � � � � 
 �
� � � �  � 
 ¦ � � 2 � � �  
 � � � � �  � �  � � � 2 
 � � �  / �  � � � � � % 
 � � � � � 
 � �
/ � 
 � 
 � �  � � % 
 2 � � � � 
 � >

? % 
 � � � �  � 
 � � � %  � / � / 
 �  � � � � � � � � 5 � > [ � � 
 � �  � � ¢ 4 5 

/ � 
 � 
 � � � % 
 � 
 � � � 
 2 5 � � D > � � { � � � � 
 / � � / / � � � � % 
 2  � 2 
 � �  � �

ADVANCES IN DATA MANAGEMENT 2005
Jayant Haritsa, T.M. Vijayaraman (Editors)
© CSI 2005

27



� � � � � � 
 � � � � � � � � � � � � � � � � � � �  � � � � " # $ � � �  � � � � ' ( � � * � +
� � � � � � / � � � � � � � �  �  � / � � � � � � � � � � * � 5 � � � � �  � � � � * � � � � +
� � � � � � 9  � / � � � � � � � � � � � � � � � � � � � � � * � 5 � � # B �  � � � � C * � 5 � �

� � � 5 � � � � � � G � 9 � � � * � � � � � � � � � � � � � � � � # M � N � � � � � � � � � � � �
� � � * � � � � � � � � � � � � � � / � � � � � � � � � � �  � � � � R # B �  � � � � T � � � � � � � �

 � �  � / � � � � � � � � 9 / � / � � N � � X #

2. RELATED WORKY � � � � � � � 9 � G � � � � � �  � � � � � � � * � � � � � � � � � � � � � � � � N � � �
� � � � � � � 5 � 
 � � � � � � � � � � � � � * � � � � � � � � G � � � � � �  � � � � 9 � � / � �
� � 5 � � � � / � _ � � � � # M � � � � � � � �  � ( � � � / � � � � � �  � � � � � � � � * � � +
� � � � � � b c d � � � � � � 9 � � � � � � � � � � � � � � � �  � � � � � � � � � � � �

� � � � � � * � � 5 � � � � � � � � # Y � � � X � � � � 9 � � � � * � � � � � � � � �  � � � � � �
� � � � * � � � � � � � G g � � ( � � � � � � � � �  � � � � � � � � � � � � � � � * � � � � +
� � � � # i � 5 � � � � � � * � � � j ( N � �  � � � � � � � � � � � � � � � � �  � � � � � �

k � N + * � � � � � � � � � � � � l / � � � �  � _ � � n o ( � � � � � � � � � � * � � � � � � �
� � � / � s ( � � � � � � s � � � 5 � � � � � o # Y � � �  � � 
 � � � � � 
 G _ � � � � *

� � � � � � � � � � � �  � � � � � � � � � � � � � 5 � � * � � � � � � � � � � � �  � � � � �
� � � � � � 9 � � � / � 5 � � � � 
 � � � b c d # w � � �  � � � G � � � � � � � � � � �  � � � � � �
9 � � � � N � � N � � � �  � � � � � /  � � � * � � � � � � � � � * � � � � � � � � x y z { | } ~

� | y � � | x � � z � � { ~ � � � � y � � � | x � � z � � { # � �  � � 9 � � � � � � � � � � � �  � �

 � � � � � � � � � � � � � � � � �  � � � G � � � G � � � �  � � � G #

$ � � � � � � � � � 9 � � � � � � + � � � � � � � � � � � � � � � � * � � � � � ( � � � � � � � �
� � � � � � / � � � � � � � � � � � � � � 5 � � / � � � � � � � � � + � � � � � � � � � � � � 
 � � � � (
� � � � � � + � � � � � � � � � � � � � � � � � � � * ( � / � � G � � � * / � * � � ( � � � � � � + � � � +
� � � � � � � � � � � � � � * � � � � � � � � � � � � � � � � � � � � � � � � * # � � � +
 � � � N � � X � � � � � � * � � � � � � � � � 9 � � � � � � � � + � � � � � � � � � � � � 
 � � � �
 � � 
 � 9 � / � � � � b � c d # i � 5 � � 9 � N � � � � � � � � � � � /  � � � { � �

x y � � | z ( � � � � � � � � x � � � � � z � � 9 � � � 
 � �  � ( � � � � � � � X � � � � � ~ � �
� �   � ~ y z { ¡ � | x � | N � � � * � � � � � � � � � � � � � + � � � � � � � � � � � � # ¢ / �

� 9 N � �  � ¢ � � � � � � � � �  � � 5 � � G � � �  � _  �  � � � � � � £ _ � � � � * � �
� � � # w / � � � � � � � �  � � � � / � � 
 � � � * � � � � � � + � � � � � � � � ( � � � � � �
/ � � � ' + � � � � � � � � � � #

B G � � � � � �  � � � � � � � * � � � � � � � � � � � � � � � � � G � � � � � � � � � � � � +
* � � � � � � � � � * � � � � � � � � � + � � � � � � � � � � � � 
 � � � � # Y � � � � � � 5 �

 � � � � � � � � � � � G � � � � � � � � � � * � � � � � � � � G � � � � � �  � � � � � � � � � �

� � �  � / � � � � � � * � � * � � � � � � � # M � N �  � � � � � 9 � � * � � � � � � � � * � � � � +
_  � � � � � � � � � 5 � � � � � � � � � � � � � � � � � � � � � / � � b � � d # ¢ � � � 9 � � �
� � �  � � � � � / � � � � � � / � � � 5 � � � � � � � � � � � � � � � � / � � � N � � � 9 � � � � G
 � � � � � �  � 5 � � � � �  � � � � � �  � � # Y � � � � � � � � � � � � � * � � � � � � � � �
� 9 � � � � � � + � 5 � � � � � � � � *  � / � � � � � # Y � � � � * � � � � � � � � � � � � � � 
 G
i � � � � b � � d * � � � � � � � � � � � � � � � � � � � � ' ( R ( � � ¨ � � � � � � � � � � �

� � �  �  � � � � � � � � * / � � � C  � / � � � � � # Y � � � � � � © � � � � � � � � � � � �
� � � 9 � � � � N � � � � � � � � * � � � * � � � � � � � � � � � � �  �  � / � � � � #

Y � � � 5 � � � � � � � � � � �  � 9 � � � � N � � 
 G � � � i � � � � ª � � � * � � � � � �
� � � � 9 � � � � N � # $ � � � � � � � G � � � � � � � � � � 9 � �  �  � / � � � � � � � � � _ � � �
� � � � � � � � � � � _ � � � � � � /  � � N � G � � � � � � � � � N � � � � � � 
 � � � G

� 5 � � � � � 
 � � N � � � � � G  � / � � � � � � � � � � � � � � � � � � � � # Y � � � � � �
� � � � � � � 9 � �  �  � / � � � � � � � � � � � � � � � � � * � � � � � � � � � � � �  � � +
 / � � � � � # « � � � � � � � � * � � � � � � � � N � � � � � � � � 
 � / � � � � * 
 � � ¬ � 9
� �  �  � / � � � � # ¢ / � � � � � � � � � �  � � � � � 9 � � � �  �  � / � � � � � � � * � � � � +
� � � � ( N � �  � � � � � � � N � � � � � � � � 
 � / � � � � * 
 � � � 9 � � �  � / � � � � #
M � � � � � G � � � � � � � � � / � � � ( � /  � � � � � � � � � � � � / � 
 � � � � � � � � �  �
� � � � � � � � � � 9 � �  � � � � � � � � � � � � � � � � � � ( � � � � � � � � # B � �  � � � �
 � / � � � � � � � � � � � + � 5 � � � � � � � � * � � � � � _ � � � � � � � � � � � � ( � � � G � � +
� � � � � � � + � 5 � � � � � � � � � � � � G � / � 
 � � � 9 � � � � � � � � � � # $ � � /  �
 � � � � � G  � / � � � � � � * � � * � � � � � � N � � � 
 � � 
 � � � � � � � � � � 9 G  � / � � � � �

¬ Y � � � � � � 
 � / � � � � * 
 � � � � / � � � � � � � � � � 5 � � G � � � � � � � � � � �
� � � � � � � � � � � / � 
 � / � � � � * 
 � �

� � � � � � � G � � � � G � 9 ® ¯ ° l ° ± � # # # ® ¯ � ( N � � � � ® � � � � � � � � / � 
 � �
� 9 � � � � � � � � � � n � � � � � � � � � � # M � � � �  �  � / � � � � � � � � � � �  � � � +
� * � � 9 � � �  � / � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � / � � � � #
Y � � � �  � / � � 
 � � 5 � � G  � � �  � � � � � � � � � � � � � � � � � � � � * � � � � � �
 � / � � � � � � G 9 � � � N � � � � � � � � 
 � / � � � � * 
 � � � 9 � � � � � � � � �  � / � +
� � � # Y � � � � � � � � � � N 
 �  X � � � � � � � � � � � * � � � � � � � � � � � � � � � *
� � � � / � 
 � � � 9 � � � � � � � � � � � � N � � � � � � � � � / � 
 � � � 9  � / � � � � � #

² ³ � / � / � � � � ´ b � " d ( � � � �  � � � � � � � �  � � � � � ²  � / � * � � ´ N � �  � � �
� � � � � 
 � � � � � � i � � � � ª � b � � d � � * � � � � � � # Y � � / * � � � � � � � � �
� � � � � � � � � � � � � � � � / � 
 � � � 9 � � � � � � � � � � � � � � � � � / � 
 � � � 9

 � / � � � � � ( � �  � � * � � � � � � � � � � G � �  � � � * / � � � µ � � / � � � � � � � � � l �
_ � � � � � � � � n  � / � � � � � 
 / � � � � � � � � � � � � � � � �  � / � � � � � # ¢ �
� � � � � � � � � � � � ( B G � ¶ � ³ � � �  � � � 
 � � � 9 * � � � � � � � � *  � / � � � � �
� � 5 � � * � � © � � � � � � � � � � � � /  � � �  � �  / � � � ( � � � � � � �  � � ( � �  � � � * / +
� � � ( � � / � � � � ( � � � � � � � � � � � # B G � ¶ � ³ �  � � � � � � * � � � � � � �
 � / � � � � � N � � � � 
 � / � � � � * 
 � � � � � � G � 5 � � � � � N � � � · l ¸ ¹ (

� � � � � � / � 
 � � � 9 � � � � � � � � � � n � � � � � � � � � � � � �  � � � � � � � � � #

3. SYNDECA - FRAMEWORKB G � ¶ � ³ �  / � � � � � � G � � � � � N � � � � / � � � �  � � � � � � � � � * � � � � +
� � � � � # $ � � � � 9 � � � � N � � * � �  � � � � � ( N � � � �  � � 
 � � � � 5 � � � � / �
 � � � � � � � � � � 9 B G � ¶ � ³ � � � � � � � � � 9 / �  � � � � � � � � � � � #

3.1 Notationº � � � � � � � � � � � � � � 
 � * � � � � � � � � 
 � � � � � � � � � � � � � � » # º � �
� � � � � � � � � � � � � � � � G � 9 � � � � � � � � � � 
 � ¹ ( � � � � � � � � � � � � � � � � �  �

 � ¼ ¾ ¿ À � � � � � � � / � 
 � � � 9 � � � � � � � � � � � � � � � � � � 
 � ® # º � �

� � � � � � * � � 9 � �  � � � � � 
 � b Á Â Ã d ( N � � � � Ã � � ( � � � � � � � � / �
� � � � N � 
 � � 5 � � / � � � � �  � � � � � � � � � � # º � � Ä 
 � � � � � / � 
 � � � 9
 � / � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � » ( » Å 
 � � � � � � � � 9
� � � � � � � � � � 
 � � � � * � �  � / � � � � � � � � » Æ 
 � � � � � � � � 9 � � � � � �
� � � � � � � � � � � � # º � � Ç 
 � � � � � � � � � � � �  � � � � * � ( � # � # É Ê Ë É

É Ê É Ì� Á Á # º � � Í � � � � � � � � � � � � � � � � 9  � / � � � �  � � � � � � ( Í Î � � � � � � � � � �
� � �  � / � � � �  � � � � � � 9  � / � � � � ° � � � Í Î Ï � � � � � 5 � � / � � 9 � + � �

� � � � � � � � � � 9  � / � � � �  � � � � � ° # Ð � � � � � � � 
 � 5 � � � � � � � � � ( N �
� � _ � � � � � � � � 
 � � � � 9 � G � � � � � �  � / � � � �  � �  � / � � � � � � � � � � �
* � � � � � � � � � � � £

i � 5 � � � � � � / � 
 � � � 9 � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � ® (
� � � � � � � � � � � � � � � � G � 9 � � � � � � � � � � ¹ ( � � � � � � � � / � � � � * � � 9
� �  � � � � � � � � � � Ã � � � � � � � / � 
 � � � 9 � � � + � 5 � � � � � � � � *  � / � +
� � � � � � 
 � � � � � � � � � � � � � � � � � � � � Ä ( � / � � � � � � � � * � � � � � � �

�  � / � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � ¹ � � � � � � � � � �
N � � � � � �  � � G Ä l ¸ ® n � � � + � 5 � � � � � � � � *  � / � � � � � � � � Ç � � �  � � � +

� * � � 9 � � � � � � � � � � � N � � � � � � � � � � � � � � � #
Ð � � � � � � / � � � � � � � X � ( � � � � + 
 G + � � � � ( � � � � � � * � � � � � � � � � � � �

� � � � 
 � 5 � � � � 
 � � � � � � � � � � � � # Ð � � � 5 � � � � � � � � � 
 � � � � � � �
' � � � � � � � � � � X � l � � � � � N � � � M � * / � � � n £

� # Ò � � � � � x � � y Ó � } � z � Ô M � � � � � � � � Ä  � / � � � � � ( � � � � � � � / � � 9
� � �  � / � � � � � � � � � �  � / � � � �  � � � � � � � � � � � 
 � � � � � � � � � � �
� /  � � � � � � � � � � � � � � � 5 � � � � � � � � * 
 � � N � � � � � �  � / � � � � �
� � � � � ¹ � � � � � � � � � � # Y � � � � * � � � � � � � � � � � � 
 � � � #

c # Ò � � � � � x y z { Õ | � � � Ò y x { � z y � � � Ö � � � � } y � � | z Ô M � � � �  �
 � / � � � � ( � � � � / � 
 � � � 9 � � � � � � � � 
 � � � �  � � � � � � � � � +
� � � � � � � N � � � � � � � � � � / � # Y � � � / � 
 � � � 9 � � � � � � � � 
 �
� � �  � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � #

" # × � � � � z � Ó � � � � � x � Ø � � � � | � z � � Ô $ � � � � � � �  � � � � / � ( N � � � � � �
 � / � � � �  � � � � � � � � � � � � � � � � � � � � � � � �  � ( N � � � � � � X � � � � � +
� � � � G * � � � � � � � � � � � � � � � � 
 � / � � � � * 
 � � � � � 9 5 � � � � / �

28



� � � � � 
 � � 
 � � � � � � 
 � 
 � � � � 
 � � � � � 
 � " $ � � � � � 
 � ' " � � � � * + , *
� � . � � � 
 1 
 � 4 . � � 
 � � � � � 
 � � � � . � � 
 9 : ;

< ; > ? @ A C D E A C F C H A J K L M $ � 
 � O � � � � P � ' � � 
 � � � � � 
 � � R � � � � . � S
� " � ' " � � � � 
 � " � � 
 ' " � � � � � 
 
 � � " � 
 . � � 
 � � � � � � � . �

� � 
 \ � " � " � � � 
 R � � � � � � � 
 � 
 P � " � " $ . � \ � � � � � 
 � 
 � �
R � � � � � � � � � 
 � ' " � � � � . � 
 ' � . � 
 � ; e " � � 
 ' " � � � � . � 
 P 
 � S

 � . � 
 � � � � � � � 
 * + g * � � � � 
 � " $ � " � � 
 ' " � � � � � � . � � � 
 1 
 �

4 . � � 
 � � � � � 
 � � � � . � � 
 h : ;

i j k l n o p q r o t o n v w j x t x y z v w v

4. ALGORITHMS
{ � � � � � 
 � � � 
 $ � 
 � � � " � " $ � � 
 1 . � � " � � � . � ~ � � � � � 
 ' � 
 1 � S

" � � � 
 � � � " � 
 R 
 � " R 
 � ' � . � � � � 
 . � P " � � � � � � � � � 
 � . � � ; � � ' � � �
$ � " � � � 
 � � 
 � . � 
 � � � � � 
 � " $ ' " � � � � � � � � 
 � . � . � 
 � � 
 � � S
� 
 � � � " � . � � � \ " $ � � 
 � . � . � 
 � � 
 � � � � 
 � " $ � " � S " 1 
 � � . ' ' � � P
� � � � � 
 � � � . � � � . � � � � � . � � " R . � � 
 � . � P 
 $ " � . � � � 
 � � � " � � ;

M ' . � � $ � " � � � 
 � 
 � � 
 � S P � 1 
 � ' . � . � 
 � 
 � � 
 R 
 � � 
 � " � 
 � " � 

' . � . � 
 � 
 � � R � � � � . � 
 � 
 � � \ � . � � � . � � \ � � � � � P � � 
 
 � 
 � � � � " �
" $ . � P " � � � � � ; � � 
 \ . � 
 �

� ; � � @ � � K � K @ � � � � � � ' . � . � 
 � 
 � � � � � 
 � � " 
 � � � � 
 . � � � � S
� � � P . ' � 
 � R 
 
 � . � \ � R " � � � � � 
 � � 
 � ; 
 ; R � � � � � 4 � � � : � �

4 � S � . � � � � " $ � � 
 � � � � � 
 � : � 
 P � " � . � " � � � � � 
 � 
 � � 
 � " $
. � � � � � 
 � � " " � � 
 � � � � � � 
 � � . � � 
 ' � . � 
 � ; � � � � . � P 
 � �

4 � 
 � � . � � � � 
 1 . � � 
 � � � 
 � � . � � " � � \ ;

9 ; � �   A � ¡ � @ � £ A ¡ J H ¤ � ¥ E ¡ J � K @ � �
� �

� � �
� �

� 
 � " � 
 � � � 

� . � � � � � . � � " R . � � 
 1 . � � 
 � $ " � � � 
 � � � � � 
 � � . � � � � 
 R � � � �
� � � . � � � � . � 
 � $ � " � � � 
 � � 
 � S � � ' � � � . � � � ;

h ; � A C A � ¡ � @ � £ A ¡ J H ¤ � ¥ E ¡ J � K @ � � ¦ g � � � � � ' . � . � 
 � 
 � � 
 S
� 
 � � � � 
 � � � 
 � � � � � � � . � � " R . � � 
 � . � � � � $ " � . � � � � � 
 � ;
� � � � � 
 ' 
 � � � " � � " R � � . � � . � � � � � 
 � � . � � 
 R � 
 � � " � S
' . � 
 � R � � � � � 
 � . � P 
 � � � � � � � 
 � ; � � � � � 
 � 
 � � � � 
 � � \ ©

4 � . � � " " $ � �
� �

� " � � ¦ g ; { � 
 � 
 © � . � � . ~ 
 . � \ 1 . � � 

P � 
 . � 
 � � � . � � ;

< ; ª H A J K ? K @ ¥ K C � � F K « � « � 
 � " � 
 � � � 
 ' 
 � � 
 � � . P 
 " $ � " � � 

' " � � � � ; � � 
 � . � P 
 " $ � � 
 � " � � 
 ' " � � � � � � 4 � 
 ¬

¬ � , � � � ;
� � 
 � 
 � � " $ � � 
 ' " � � � � . � 
 . � � " � . � 
 � � " 
 . � � � � � � � 
 � � �

� � 
 ' � " ' " � � � " � � " � � � � . � � � � ;

4.1 Algorithm for Cluster-Placement
� � 
 . � P " � � � � � ' � " � 
 
 � � R � � � . � � � P � � � P � � 
 � 
 � � 
 � . � � � . S

� � � � $ " � O � � � � � � � � 
 � � . � � " � � \ ; ­ " � � � 
 � 
 � . � � � � P � � � � � 
 � � 

� � 
 � � � � � 
 � � 
 � � 
 � . � � � . � � � � . � 
 � 
 � � 
 ' 
 � � � � P " � � � 
 ' � . � 
 S
� 
 � � " $ � � 
 ' � 
 1 � " � � � � � � � 
 � � ; ­ " � 
 1 
 � \ � � � � � 
 � 
 � � 
 � 
 � � 
 �
® ¦ . � � � . � � � � � ¦ . � 
 P 
 � 
 � . � 
 � � . � � " � � \ ; � � 
 P 
 � 
 � . � 
 �
� 
 � � 
 � � � � � 
 � ~ 
 � � � � � � � . � � � � � . � . � � � � . � � 
 " $ � . � � � � � ¦
$ � " � � � 
 
 � P 
 � . � " � P 
 . � � � � � 
 � � � " � � ; 
 � ± ® ¦ ² 	 � ¦ " �
® ¦ ² 	 � ¦ � 
 � ´ � µ � � ; ¶ � � 
 � � 
 � 
 � � 
 � � � P 
 � 
 � . � 
 � 
 � � � �
� � 
 � ~ 
 � . P . � � � � 
 . � � " $ � � 
 . � � 
 . � \ ' � . � 
 � � � � � � 
 � � $ " � � � 

� � � � � � � P . ' � � . � � 
 
 � � � " � 
 � . � � � . � � 
 � ; � $ � � 
 � 
 � � . � \
� � � � � 
 � R � � � R � � � � � � 
 � � � � 
 � � � � � � � 
 � � " 
 � � " � � . 1 
 � � 

� � � � � � � � 
 � � � � 
 � P . ' 
 � � 
 � . � � � � " $ � � 
 � � � � 
 � � � � � � � 
 � � �

� 
 � � � 
 � ; � $ � � 
 � 
 � � � 
 � � . � � � � � � � 
 � � � � . � � � . � " $ � � 
 � � � S
� � � � . � � " R . � � 
 � . � � � � � � 
 � � � 
 ' � " � 
 � � � � � � . � � 
 � . P . � � $ " �
P 
 � 
 � . � � � P . � 
 R � 
 � � 
 � . � R 
 � � . � � . � � � � ; � � 
 . � P " � � � � � � �
P � 1 
 � � � � . � � 
 � ;

� t � l w q � 4 ® ¹ µ � ¹ : � º 
 � " $ � � 
 � 
 � � 
 � � . � � � . � � � " $
; . � � 
 . � \ ' � . � 
 � � � � � � 
 � � 4 ~ » � ; ; ; � S � : 

; � � ¦ g ¼ � � � � � � . � � " R . � � 
 � . � � � � 

; � �

� �
¼ . � � � � � . � � " R . � � 
 � . � � � � ;

� l w � l w q ® ¦ . � � ¾ . � � � � � ¦ " $ � � 
 � � � � 
 � � � � � � � 
 � � ¦

� � k x n j w � � q ¿ � � � � 
 � S À � . � 
 � 
 � �

� ; � ¦ ! Á 
 � 
 � . � 
 S � . � � � � 4 � � ¦ g µ � �
� � :

Â # Á 
 � 
 � . � 
 S � . � � � � � . � � " � � \ P 
 � 
 � . � 
 � .
1 . � � 
 � 
 � R 
 
 � � � ¦ g . � � � �

� � # Â
9 ; ® ¦ ! Á 
 � 
 � . � 
 S � 
 � � 
 � 4 � ¦ :
Â # Á 
 � 
 � . � 
 S � 
 � � 
 � � . � � " � � \ P 
 � 
 � . � 
 � .

' " � � � � � � � � � 
 � � � " � . � � ' . � 
 � � � � � � . �
� � � � . � � 
 � 
 � R 
 
 � � � 
 � 
 � � 
 � . � � . � \ 
 � P 


" $ � " � � � � � P � " � " $ P � 1 
 � � ' . � 
 � � . � � 
 . � �
¾ . � � � � " $ � � . � � � � � � 
 � # Â
h ; $ � j � o � � � � � 
 � � ¦ � � � " � ' � . � 
 �

< ; y x n o v & � 4 ® ² µ � ² : j t � 4 ® ¹ µ � ¹ : �
Ã ; j y P . ' � 
 � R 
 
 � � ¦ . � � � ² � � � " � 
 � " � P � w � o t
Ä ; ¾ 
 � � � 
 4 � ¦ :
Å ; j y 4 � ¦ Æ � � ¦ g : w � o t
Ç ; ¿ � � � � 
 � S À � . � 
 � 
 � � 4 � 4 ® ¹ 
 � ¹ : � 
 � � ¦ g 
 � �

� � :
È ; o t z j y

� � ; o t z j y
� � ; o t z y x n
� 9 ; o t z $ � j � o
� h ; o t z

* v , � o p q � � k x n j w � � y x n - � l . w o n / 1 � v & o � o t w

4.2 Algorithm for Cluster-Points-Generation
M $ � 
 � O � � � P � � 
 � � � � � 
 � � 
 � � 
 � � . � � � . � � � $ � " � � � 
 ¿ � � � � 
 � S

À � . � 
 � 
 � � . � P " � � � � � 
 . � . � � " � � � � � 
 � 4 � 4 � 
 ¬
¬ � , � � � : " $

29



� � � � � 
 � � � � � � � � � � � � � � � � � 
 � � � � � � � ! � � � � � # � � � � � 
 � � � � � (
� � � � � � � � � � + � � � � � � + � / 
 � � � � � � � � � � � � � � � � � � � � + � / 
 � � � 7 

� � � � / 
 � 8 
 � � � � ; + � � + � � > � � � � � 
 � > � � + � � � # � � > 
 B / � � � � � � � � � # (
/ � � � E � � � � � + � + � / 
 � � � � 
 � 
 
 � # � � � � � � � � ! � I � K � � � � 
 � � � �
+ � / 
 � � � � � � # � � � � � � � � � + + � � � � � # � � � � 
 
 � � � � � Q � � � + � � + / � � �

 � � � � � + � / 
 � � � > � � � � � 
 � � � # � � � � � � � � � � 
 / + � � T � I � � � � � � �
� � � � � � � � 
 � � � T � � � � � � � � 
 � � � + � � � � � � � / 
 V W � � � ! � � 
 + � � � � �
Z W � Q � � � � + � � � # / � � � � � � � � � � � � � + � � 
 � � � � � + � / 
 � � � 
 > � � � � ] � � � �
� � � � � � / 
 ; � � � � # � � � ! � � 
 � � � E � 
 � � � / + � � � � � � ! � 
 � ` a b � � (
! � � 
 � � � 
 > � � � � � 
 T � � � d � T � � � � � � � � � � � 
 � d � � + � / 
 � � � � � � � � Q � �
� � � � # / � � � 
 � � � � � + � / 
 � � � 
 > T � � ! � � � I � T � � � f � � � � � ! � � � � � 
 h

b � � � � i � 
 � ! � � � � � � 
 � � � � � # � / 
 � � � � � � � j � � 
 � ! � + � � (
� � 
 ! � � l m ( n o 8 p � � # � � � � � ! q b r s � 8 � � � � � � � 
 � � � (
� � ! � I + � � 
 � � � � � � 
 ! � � � � � � + � � � � # � � � � � � � � � � � � � � � (

+ � � � � � � � � � 
 ; v w x � � � E � � � 
 � � � � z � � � � � � / � � � T � � � � � �
� � 
 � � � + � � � � � � ; � � � 
 V E � 8 � � T � � � � � � � > T � � + � � 
 � �
� � � 
 � � � + � � � � � ; � � � ~ � � ~ � � � � � � � � � � � � � � � 
 V E >

� � � ! � � 
 + � � 
 � � � � � v w x � � � � � � � � � 
 � � � 
 � � � � z � � �
� � � / � � � � T � � � � � � � � 
 � � � + � � � � � � � � � � � 
 � � � + � 
 
 � 

+ � � � � � / � � � � � � � � � � � � � � B / � � � � � / ! d � � � � � � � � � 
 � � �
# � � � � � � � � � � � � + � � � � � � � � � � � � � � � � � 
 � � � + � � � d � � T � � �
� � � � � 
 � � � � � � 
 � � / � � d � T � � � � � ; � � � � � � � � � � � � E � � (

 / � � 
 � � � + � � � � + � � j � � I � � � � � # � � � � � � � � � � � � � 
 �

� � � � � 
 � + � � � � � + � � � B / � � 
 d � 
 � � � � � � � � I � � � ( � � ! � � 
 � � � � �
# � � � 
 � � � � � � 
 ! � � � � � > � � � d � / � � � � # d � ] � � � � � + � / 
 (
� � � � 
 � � j � � � � � � � � 
 ! � � � ` � � ! � � 
 � � � � � � I � � � + / d � 
 >
� � � ! T � � + � � � � � I � � � + / d � � 
 � � � � � ! � I + � � 
 � � � � �
� 
 i � � � � T � � � � � � � � 
 � Q � � � � T � � # � � � � > � � � ! � � I � I (
� � � + / d � T � � + � � 
 � � � � + � � � � � � � � i � � � � � I � � � + / d � � 

+ � � 
 � � � � d � i � � � � T � � � � � � � � 
 � � � � 
 � � � + � 
 
 � 
 + � � � � � (
/ � � � � � � � � � � � B / � � � � � / ! d � � � � � � � � � 
 � � � # � � � � � � � �

� � � � � � � + � / 
 � � � � � � � � � 
 ! � � � � � > � � � 
 � � 
 / � � � � � � �
� � + � � � � � � � � � � � 
 # � � � � � � � � � � � � + � / 
 � � � � 
 T � � � � � � � �
d � / � � � � # d � ] � � � � � + � / 
 � � � �

� � + � 
 � � � � � # / � � � 
 � � � � � + � / 
 � � � 
 > # � � � � � � � � � � � � � 
 ! � I
� � � � � T � � / 
 
 � � � � � 
 � � � d / � � � � � � � � � � � 
 � � � � # / � � � 
 � � � � �
+ � / 
 � � � 
 � � � � � � � � � � T � � I � � # / � � � � � 
 � � � d / � � � � � � � � � � # � (
� � � � ! � 
 # � j � � � � � � d � � � � � � j � � � + � � � � � Z W � � � � � � � / 

V W > � � � � / � + � � � � � � � � � � � � � � � � � � # � � � � � � � 
 � � � � � � T � � � � � � � �
d � / � � � � # d � ] � � � � � + � / 
 � � � � Q / � + � � � � � � � � � � � � � � � � � � � # � � (
� � � � � 
   � � � � � � � � � � 
 T � � � � � � � � � � # � � � � � � 
 � � � + � � � � � � � �
� � � � / � + � � � � � � � � � � � � � � � # � � � � � � � 
 � � � � � � � � T � � + � � 
 � �
� � � 
 � � � + � � � � � � ! � � Q / � + � � � � � � � ¡ � � ¢ � � � £ � ¤ � � � � � � � � � + � � + z 


T � � � � � � � � � � � � � 
 T � � � ( � � � � � � � � 
 � d � � � � � � ; � � � � � � � � # / � � �
� � � 
 � � � � � � + � / 
 � � � > � � � 
 � d � � � � � � + � � � # � 
 E � � � � � + � / 
 � � � �

4.3 Algorithm for Noise-Points-Generation
� � � � � � � + � / 
 � � � � � � � � 
 # � � � � � � � � > T � � � T # � � � � � � � ¥ � � � (

+ � � � � # � � � x ; � / ! d � � � � � � � � � 
 � � � � � � � � � 
 � � E � � � 
 � � � � � � 
 �
� � � � � # � � � � � � � � # � � � 
 � � � � � � 
 > + � � � � 
 � � z � � 
 / + � � � � � � � � � � �
# � � � � � � � � � � � � � � 
 � T � � � � � � d � T � � � � � � � � 
 � � + � � � � � I + � / 
 (

� � � T � � � � + � / 
 � � � � � � � � 
 � � � # � � � � � � � � � � � � # � � � � � � � � � � � � �
� � 
 � � � � � � � � � � � � � 
 � � � � � � � � � � � 
 � � � T � � � � � � � � d � / � � � � #

d � ] � � � � I + � / 
 � � � � ¦ � � � � T � 
 � � � � � � � � � � � � � � � � T � � # + � � � � (
� � � � 
 � 
 
 � � � 
 i � � � � � � � � 
 � � � � � � � � 
 j � � � � � � � 
 � � � � � � � � � � � �

 � � � � � � � � � + � / 
 � � � � 


# £ � � £ � � § � � 
 � � � T � � � � � � � 
 � � � + � V W � � � ! � � � + � � � � � � �
� � � + � / 
 � � � Z W �

$ ¨ & © ª « x ¬ p � � � � � � � � � 
 � � d � # � � � � � � � � > Z ¬ o � � � � � >
� V ¬ ­ � � � / 
 > n � � � � � � + � / 
 � � �
� ® ( ` w w ¬ � ] � � � � � � � � + � � � ! � � 
 � � � � � � � � � � � 
 �
� � � � � � + � � � # � � > ) 
 � � � � z � � � � � + � � � � # � �

* © ª & © ª « x ¬ � � � � � 
 T � � � � � � � � d � / � � � � # d � ]
� � � � � � + � / 
 � � �

+ - ¯ ° ± ² ª / 0 « o � / 
 � � � ( K � � � � 
 ( � � � � � � � � � �

b � ² ³ n � � � � � 
 � ­ ­ ´ � 1 µ 8 ­
� � � 2 # � � � � � � � ( � � � � � ; Z ¬ > V ¬ E

¶ � ! � � � � 
 2 ) · x ¬
¸ � # � � � � � � � ! � � � � 
 � � � � � 
 / 
 � � #

� 
 � � � � z � � ( � � � � � 
 ; � > � � 
 > ! � � � � 
 E
¹ � © ¨ ª ² - x ¬ � � � � � 
 � � � # � � � � � � � � º °

» � � 7 2 # � � ( � ( � � � � � ; � > � � 
 > � � 
 7 E
¼ � ! � � � � 
 7 2 ) · x ¬

½ � # � � � � � � � ! � � � � 
 7 � � � � � 
 / 
 � � #
� 
 � � � � z � � ( � � � � � 
 ; � 7 > � � 
 7 > ! � � � � 
 7 E

¾ � � 2 � 7 � � 
 2 � � 
 7
b r � © ¨ ª ² -
b b � ¿ - 4 ¿
b � � © ¨ ª ² - x ¬ � � � � � 
 � � � # � � � � � � � � º °
b ¶ � � � � � � 2 # � � � � � � � ( � � � � � ; Z ¬ > V ¬ E
b ¸ � ² ³ � 
 ( T � � � � � ( + � / 
 � � � ( � � � � ; n � � � � > � � � � � > Z ¬ > V ¬ >
� ® ( ` w w ¬ E ª / ¿ ¨
b ¹ � + � � 
 � � � � 6 � � � � � 7 � 
 + � / 
 � � � � � � � �
b » � ¿ ¨ º ² ³
b ¼ � © ¨ ª ² -
b ½ � ¿ ¨ º ² ³

7 Á 8 - ¿ : « + - ¯ ° ± ² ª / 0 ³ ° ± = - © 4 ª ¿ ± ? @ ° ² ¨ ª 4 ? Â ¿ ¨ ¿ ± Á ª ² ° ¨

# � � � � � � � § � � 
 � � � T � � � � � � � � 
 � � + � � � � � � � � � � � 
 � �

# � � £ � � � � � � § � � � � � I � � ! � � 
 � � � w > Ã � ¬ a Z W ¬ Ã � 
 C ® ( ` w w W ¬
; ® ( ` w w W ¬ � 
 � � � � / 
 � � + � / 
 � � � w � � � � # � � ! � � 
 � � � � E �

# � � � � � ¤ � � � § � � 
 � � � T � � � � � � � � � � 
 � � 
 � � � + � � � � � I � � � � �
T � � + � � 
 / 
 � � � 
 � � j � � � � 
 � � � � z � � � � � � � � � � 
 �

� � � � � # � � � � � ! � 
 # � j � � � � � � d � � ¶ �

4.4 Complexity of Algorithms
n I � l ´ o 8 # � � � � � � � 
 � � � � � B / � � � � � � � � 
 � � 
 T � � � � � � � � � (


 � � � d � � � � ! � ; � � � � � 
 � � � � � z � ! � � � � � � � b r 
 � + � � � 
 � � � � ! �
� � # � � � � � � � b > r r r > r r r � � � � � > � ( � � ! � � 
 � � � � � � � � � + � � � � � � � � #

b r r + � / 
 � � � 
 E � Q � � � � # � ( � � ! � � 
 � � � � � � � � # � � � � � 
 � � 
 > � � � 
 � � �
� � 
 I � � � j � � / � � � � � � � � ! � � � � � I 
 � 
 d � + � / 
 � � � � � ! � 
 > # � � � � � #
� � � � � 
 � � � � � � � � � � � � � 
 / + � � � � � � � 
 � � � 
 i � 
 j � � � � / 
 + � � � � (
� � � � 
 � 
 � � � ! � ( + � � 
 / ! � � # � � 
 z � n � � + � � � � # � � � � � � � � � � � � � �
� � � � � 
 � � � � � � � � ! � � 
 / � � 
 � 
 � � � � � ! > � � ! � + � ! � � � ] � � I � � � � (

I 
 � 
 � � � � � � � # � � � � � ! 
 � 
 d � I � � � � � � 
 + � � � � � � � � 
 � � � � � �

5. EVALUATIONOFGENERATEDDATASETS
� � j � � � � � / 
 � � � � � / � 
 h � / ! d � � � � � � � � � 
 � � � � � � � � � 
 � � x >

� � ! � � 
 � � � � � � � I ` > � / ! d � � � � + � / 
 � � � 
 Æ � � � ! � ] � ! / ! � � � � T (
� d � � j � � / � � � � � + � � � ! � � 
 � � � v > � � � � � � � z � � # � � � � � � � 
 � � �

� � B / � � � � � / ! d � � x � � � � � 
 � � ® Ç > � ( � � ! � � 
 � � � � � 
 � � + � T � � � Æ

30



� � � � � � � 
 � 
 � � � � � � � � � � � � � �  � � � � � " $ & � � � ) � + , . � 
 � �  � � � � � � � � 2 � 4 � � � � � � "
6 7 9 : ; � : < = � � � �  � � 
 � � � � � � � � 
 � � � ) + � � � 
 � � 4 � � 2 � 
 � � � � + 
 � � � + � 2 � � = 2 �  � " H � 4 � + � " H � 4 � � � � � � � 2
6 
 � � � � � � + ) � 
 K � ) ) �  � � � � ) � 2 �  � 4 � ) + � � � 
 � � � 4 � � ) � � � � 4  � � � � � � ) � � � N � � 2 � � 
 
 � �  � � 4 � � � � � 
 � � � � � � � � � 
 
 � � + ) � 

6 � ) + � � � 
 � " O , � S � , + , � S � � � � � � � � V 4 � , � � � � � � 6

� � � � � � � �  � 
 � � � � � � � � � � � � � �  � � � � � 6


 � X Y Z [ � � � � ^ � � � � _ 
 � � � � � _ b � � � 
 � � � � �
c 6 � � � [ � �  � 
 � � � � � � � � � � � � � �  � � � � � � � � � 
 � � � 4 e Y

f 6  � � � � � b � � � 
 � � � _  � � � � _ � � _ �  � � � 7 , <
i 6 � � �  � � � � j � � � � � N � � 2 � � � 2 � . � + � 4 � � � . � S � � � � V � ) + � � � 
 � � l �
m 6 � � � � � 4 � 
 �  � � � � j � � � � � � �  � � � �
o 6 l � � l
p 6 [ r � � _ N � � 2 � � _ � 
 � � _ �  � � � _ � � _ � ) + � � � 
 7  � � � � " 7 9 : ; � : < < � � l �

K � � � _ N � � 2 � � _ � 
 � � _ �  � � � _ � � _ � ) + � � � 
 � + � � � � � � � 2 � � t � N 2 � � 2 � 
 � 2 �  � � � � � � � � � 2 � � 
 � � �  � � � � � � ) + � � � 

6 � � 4 
 � � + 
 � � � 
 + � K � � ) � � � � � � 
 4 � � � ) V � K

v 6 � � � � � 4 � 
 �  � � � � j � � � � � � �  � � � �
w 6 l � e [ r
y 6 l � e [ r

c z 6 l � e � � � [ �
c c 6 l � e

� { ! � l " � 
 � X Y Z [ � � � r Y Z $ Y [ � l ' ( Y [ � � � ' | l � l Z { � [ Y �

� ) + � � � 
 � � ) � � � N � � 2 � � , � � � � � �  � � � � � 7 � � ) � + ) � � � 4 . � � � 4 � �
� 2 � � � 2 � 
  � 
 � , � � � 
 � � ) + � � < 6

� 
 � � 4 � , � + , . � 
 . � � N � � � z � � � + +
� - � � � � � ) � � � � 4 � � � � � � �

 � 
 � � � � � 6 & 2 � , � S � , + , ) � , � � � � � � � � �  � 
 � � � � � � � + 
 � �
� 2 � � � � 
 � � � � + , . � 
 � �  � � � � � � 2 � � � 
 � � � � � � � � 
 � � ) + � � � 

� � � 
 � � � � 
 � 2 � � � 
 � � + � ) � � � � � � �  � � � � � " N 2 � � 2 � � � S  ) � � � � 4
. � ) � N 6

. c z z � �
� / � $ 0 � � $

c z z 0 7 c � � < � �

� 2 c z z
c � �

& 2 � � , � + � � � � �  � � �  
 � � � 4 � 4 � � " 
 � O � 6
= � � � � � � V � � � � � � . � + � 4 � � � . � S 7 � � 
 � � ) + � � � 
 � < � � � � � � � �

� � � 2 � �  � � �  
 � � � 4 � 4 " � 2 � 
 � � 2 � + ) 4 . � � 
 � � � 
 � � � � � � � � � 2 �
� � � � � � � 2 � . � + � 4 � � � . � S � � � 2 � � ) + � � � 
 6 = � N � � � � 4 � � 4 � � � �
� , � S � , + , � � 4 , � � � , + , � ) ) � N � . ) � 
 � 4 � + � 7 � 3 4 5 " � 3 � � < � � 


� � � 2 � ) + � � � 
 6

6 Y � � � � { � [ Y � Y r � 3 4 5 �
� � S � , + , �  � � � � ) ) � � � � � 4 � � 
 � � � 2 � ) + � � � 
 � � : � 6 & 2 � � � � �

� � � 2 � . � + � 4 � � � . � S � � ) � 
 � � � � � ) + � � � 
 7 N 2 � � 2 � � � ) + 4 � � � 2 � �
�  � � � < � � � � 
 , � � � � 3 4 5 � � 4 � � � � f � � 3 4 5 � 7 c � � <   � 6



�

� � f � � 3 4 5 � 7 c � � <   �

� 3 4 5 �
. 


� / => �
. c

f � 7 c � � < /

� � � � , + , � ) ) � N � . ) � 
 � 4 � + � " � 3 � � �
c

¡
� 3 4 5

�
. 


� / => �
. c

f � ¡ � 7 c � � < /
N 2 � 
 � ¡ 7 A c < " � � � 2 � 
 � � � � � � � 3 4 5 � � � 3 � � 6 ¡ � � � � � t �

� � V � � ) + � " 4 �  � � 4 � � � � � 2 � N � , � ) ) � � ) + � � � 
 � � � . � N 2 � �
� � ,  � 
 � 4 � � � 2 � ) � 
 � � � � � ) + � � � 
 6

= � � � � � . � + � 4 � � � . � S � � � ) + � � � 
 N � � 2 � 3 4 5 � � 
 � 4 � + � � �

�
.

f � �



�
  => � �

c
f � 7 c � � <

  / �

�



�
�

. c
c � � / �

= � , � ) � 
 ) V " � 2 � � � � � � � . � + � 4 � � � . � S � � � ) + � � � 
 N � � 2 � 3 � � � �

 � 4 � + � � �

�



�
�

. c
¡ � 7 c � � < / �

� � � � � 
 V � ) + � � � 
 � � t � � � 3 4 5 � � � � � 
 � 4 � + � " � 2 � �

� � � � , + , � 
 � � �  � � � � � � � ) � . ) � � 
 �


�

. c
c � � / �

� �

� 
 �
. � c � �   � � c

7 c � � < � /
31



� � � � � � 
 � � � � � � � 
 � � � � � � � 
 � � ! � � # � $ % � � � � � 
 � & � � � ( � ) � *

+ � - � � � � � 
 � � � 2 � � � � � � � � � 8 � � 9 � :
�
;

� <
= ? A < C D E � F

? ;

9 � ?
H = ? A < C D E J F : <

H = ? A < C D E J F

L ) � � � � 2 N P � � ) � � � R P 
 � � ) � � P 
 U � � � � � 
 V W � � � � � � * � A R � � � *
� * L � 8 � � < E � ) � � ! � ] ) � � ) � 
 � ) � � � 
 
 � * � � � � � � � 
 _ � � ] � � ) � *

� ) � A < C D E ? # c A 
 � & � � � P � � � � � � � 
 � E � 2 � � � � 
 P � * & f c A � � * � � 

P � � � � � � � 
 � ( ] ) � � ) � � � � 
 � � & � 2 � � � � & E j l � � ) � 
 � � � � * � � � � )
P � � 
 � � 2 � ) � * � ) � 
 � & � � � P � � ) � � � 
 
 � * � � � � � � � 
 � � 
 � & � � � & j
+ P 
 � P � � 
 D ? # c � 2 � � � � 
 P � * & � ) � 8 P � * & � * R 8 P - P � � � � � � � 
 �

� � � � � � � 
 � � j s � * � � ] � � � * ) � � � � ) � � P � � P ] � * R � � � � � j	 � 
 
 � < j v w x y z { | } ~ � w � � | } � z � � � x } � z y � x � x � � � � y � z x � �
{ x � x } y � x � � z � � � x } � � w y � y } x � | � � | � x } z y � � ~ � { �� � � �  � 
 < j v w x � y � y � x � { x � x } y � x � � � � w x y � | � x � � x � � � � �

� � x � � } | � x � � � x � � ~ | � x � ~ � � x � � ~ | � % � � ~ z z x � y � � z � � | � � y ~ � ;
� z � � � x } � �

'  � � * + � 
 P � � � � � � < � � � � � � � � 
 � & � ) � � � ) � 8 P � * & � * R
8 P - � � P � � ) � � � � � � � 
 � ] � � � * P � P � � 
 � � 2 j � � � ) � � � � � � 
 ) � � � � �
P ] * 2 
 � � � � � 8 P � * & � * R 8 P - ( ] � � ) � * ] ) � � ) � ) � 
 � ] � � � * P � 8 �
� * � P � ) � 
 � � � � � � 
 � � 2 P � * � � P 
 � ) � * P � � � 2 P � * � � j � P ] � � ] �

� � * 2 
 P � � � ) � � � ) � & � * � � � � P � � ) � 2 P � * � � ] � � ) � * � ) � 8 P � * & V
� * R 8 P - P � � � � ) � � � � � � 
 � � � P 
 � � ) � * � ) � � P � � ) � * P � � � ( � ) � *

] � � � * � � � � 
 � � ) � � � ) � 
 � � - � � � � � - � � � � � ; � � � � � � 
 � A � j � j � ) � 
 �
] � � � 8 � � - � � � � � ; � � � � P � 2 P � * � � ] ) � � ) � 
 � & � * � � 
 � ) � * � ) �
� � 
 
 P � * & � * R � 2 � � � E � * � ) � R � * � 
 � � � & & � � � � � � j

U � � � < �

� ) � * � � � 
 � � � � � � � 
 ) � � # � , . � � 
 � & � � � � * & * P � � � 2 � 
 � � * � � R �
� � � 9 � 0 0

� 3  

� � � 8 � 
 P � * P � � � 2 P � * � � 9
�

< ¡ ¡
? ¢

9
<

< C ;
? ¢

L P � � � * � � 8 � 
 P � � � � � � � 
 2 P � * � � 9
< ¡ ¡ : �

< ¡ ¡
? ¢

9
�

< :
<

< C ; � ? ¢

9
;

< C ;
? ¢

4 � � � � ) � � � � � � � 
 � ) � � � � � � � 
 � & � � �

� � � 8 � 
 P � 2 P � * � � � P 
 � � � ) � � � � � � 
 9
;

A < C ; E ? ;
? ¢

9
<

< C ;
? ¢

L ) � * � � 8 � 
 P � 2 P � * � � � � � P � � � & � P 
 � � � 
 � � � � � � � 
 � � � ) � � � � �
� � � ) � � P � � ) � * P � � � 2 P � * � � j

8 P � * & � * R 8 P - � � £ � P � � � � � � � � 
 9 H ¤ ? # � , . J F

9
�

¤ ? H
�

;
J 56 ? 8 <

¤ ? A < C D E : � F

9
�

;
?

� <
< C D � F

L P � � � � 
 � � � 2 � � � 9 L P � � � � 2 � � � 2 
 P � � & � &

:
F;

$ = �
A ¥ P � * & � * R 8 P - � � £ � P � � � � � � � 
 � E

L P � � � � 
 � � � 2 � � � 9 � : ; ?
�
;

?
� <

< C D � F

9 � � A < C D E F : <
A < C D E F �

l * P 
 & � 
 � P ) � � � � ) � & � * � � � � P � � * � � � � � � � 
 � P 8 � � P 
 � � ) � *
� ) � � P � � ) � & � * � � � � P � * P � � � ( A � � * � � � � � ) � � � � � � 
 ) � � � ) � � � � �
* � � 8 � 
 P � 2 P � * � � E � ) � � � � � � � 8 � � � 
 � � � 2 � � � � ) P � � & 8 � R 
 � � � � 

� ) � * � ) � � P � � ) � � � £ � P � � ) � 8 P � * & � * R 8 P - P � � ) � � � � � � � 
 j

� � A < C D E F : <
A < C D E F � > �

;
?

� <
< C D � F

4 �
A < C D E F

> ¡

A < C D E F : < > <
;

A < C D E F > < C ;
;

D > � < C ;
; � 56 : <

l � � ) � � 8 P � � � P * & � � � P * � � � * � � 
 � & � ) � * � ) � � � P � * � P � � 
 � �
� 2 � � � � � R 
 � � � � 
 � ) � * � ) � � P � � ) � � � £ � P � � ) � 8 P � * & � * R 8 P - P �
� � � ) � � � � � � 
 j � P ] � � � ! � D � P � � ! � � � � � � � ] � � ) � * � ) � 
 � * R �

A H � 3  
  J 56 : < ( < J j

� � � * ] ) � * � � � 
 � � � � � � � 
 � � ! � � # � $ % � � 
 � & � � � ( � ) � * � � 8 � 
 P �
2 P � * � � � * � � � 
 � � � � � � � 
 � � � � � � � � * � � 8 � 
 P � * P � � � 2 P � * � � j l *
� ) � � � � � � � ) � � � £ � P � � ) � 8 P � * & � * R 8 P - P � � � � � � � 
 � � 
 � & � � � &
8 � �¦ 6 � � � � � � * & � ) � � � P � * � P � � 
 � � � 2 � � � � � � * � 
 � � � � & j L ) � �
� � � * � � ) � � � ) � � � � � * � � 8 � 
 P � * P � � � 2 P � * � � A � � � 8 P � � E � 
 �
� 2 
 � � & P � � 
 � * � * � 
 � � � � & � 
 � � � 2 � � � � * & � ) � � � � � * � � 8 � 
 P �
� � � � � � 
 2 P � * � � A � � � 8 P � � E P � � � 2 � � � � � � 2 � � � j L ) � 
 � � P 
 � � � � *
� * � ) � � � � � � ( & � * � � � � P � � * � � � � � � � 
 � � � P 
 � � ) � * � ) � � P � * P � � �
& � * � � � � j

U � � � ¤ �

� ) � * ¨ � � � � � � 
 � ) � � � R P � # � $ % � � 
 � & � � � ( � ) � 
 � � � � * � * R ; : ¨
� � � � � � 
 � ) � � � R P � # � , . � � 
 � & � � � � * & � 9 � 0 0

� 3   ( ; : ¨ � � � � � � 
 �
] � � � R � � � P 
 � * � � 8 � 
 P � 2 P � * � � A � � ¨ � � � � � � 
 � � 
 � ) � � � * R � � * V
� � � � 
 � & � � � E � ) � * � * � � � � < � * & � ) � � � P � * � P � � 
 � � � 2 � � � � �
� � � P � * � 
 � � � � & j L ) � 
 � � P 
 � ( � ) � & � * � � � � P � ; : ¨ � � � � � � 
 � A ] � � )
# � , . � � 
 � & � � � E � � R 
 � � � � 
 � ) � * � ) � * P � � � & � * � � � � j

W P � * � � � � � P � � � & � P 
 � � � � � � 
 ] � � ) # � , . � � 
 � & � � �

9 A =
= ? A ; : ¨ E C ¨

?
;

< C ;
? ¢ B

W P � * � � � � � P � � � & � P 
 � � � � � � 
 ] � � ) # � $ % � � 
 � & � � �

9 A <
= ? A ; : ¨ E C ¨

?
;

< C ;
? ¢ B

� ) � * ¨ 9 < � ) � � � � � � � 
 ] � � ) # � $ % � � 
 � & � � � R � � � � ) � � � � � �
� ) � 
 � P � 2 P � * � � ( � � * � � � ) � & � * P � � * � � P 
 � � � P 
 � ] ) � * � P � V
2 � 
 � & � P � � � � ) � P � ) � 
 � � � � � j

32



� � � � � � � � � � � � 
 
 � � 
 
 � � � � 
 � � � � � �
� � � � � 
 � �

� � � � � � � � � � � � � " # � % 
 � & � � � % � � � � + � , - � � % � " � & � 
 � � �
� � � � � 
 � �

� � � � � � � � � � � � � " # � % 
 � & � � � % � � � � + � , - � � % � " � & � 
 � � �  
2 3 4 4 5 6 8 9 4 : 5 : < 9 3 4 8 5 4 ? A C D E F + � ! " H I J D E F + � , - H I

M D E F + � ! " H I J D
E

N
F + � ! " H I

M
# N I J �

D N F D � R S H H I $ F
%
T

U W X 8 Z 2 3 4 4 5 6 8 9 4 M
# D � R S H I J �

D � R S H I $ F % R
# N I J �

D N F D � R S H H I $ F
%
T

U ] 4 5 : ^ 4 W 2 X ] 4 A W ` < ? : < c A W e W 2 X ] 4 9 Z ` 5 X 4 3 h : X ] + � , - 8 5
3 8 ? : ` 5 : 5

M
%

T
F

# �
N F D � R S H $ I

8 < ? X ] 4 ? 4 < 5 : X C W 2 X ] 4 9 Z ` 5 X 4 3 h : X ] + � , - 8 5 3 8 ? : ` 5 : 5

M
qr ) * s , q . 0 q

F s
q 0 s F u

1s F
#

qr ) * q 0 4 . $ I

U ] 4 ? 4 < 5 : X C W 2 < W : 5 4 : 5 ? 4 X 4 3 v : < 4 ? A C

M
-

q 0 s# * q 0 4 . 5 , q* q 0 4 . 5 $ F % R
# r 5 , q* r ) * q 0 4 . . 5 $ F 1 s

7 ? 4 < 5 : X C W 2 9 Z ` 5 X 4 3 5 ] W ` Z ? A 4 c 3 4 8 X 4 3 X ] 8 < < W : 5 4 ? 4 < 5 : X C �

qr ) * s , q . 0 q
F s

q 0 s F u

1s F
#

qr ) * q 0 4 . $ I
8 -

q 0 s# * q 0 4 . 5 , q* q 0 4 . 5 $ F % R
# r 5 , q* r ) * q 0 4 . . 5 $ F 1 s

T F u F T F N I F D � R S H I% D � R T H D N F y T J � z R � H
8 u F T F N I F D � R S H I% D � R T H y T N I D D � R S H I J � H R D N I J � H z

7 - ) s ) r 5 * q 0 4 . 51 * q 0 s . 8 ~

T 8 N F D T J � H R �
T F N I F D D � R S H I J � H R D N I J � H

T � F N I D D � R S H I J � H 8 N T J N R � J T F D N I J � H

T � F N I D D � R S H I J � H 8 � J N J T D N I J N J � H

D � R S H I 8 � R
� J N J T D N I J N J � H

T � F N I

S 8 # � J N J T D N I J N J � H
T � F N I $ ;5 J �

7 < � J N J T D N I J N J � H
T � F N I = ;5 � �

U ] 4 3 : c ] X ] 8 < ? 5 : ? 4 W 2 X ] 4 4 � ` 8 X : W < : 5 8 Z h 8 C 5 < 4 c 8 X : � 4
8 < ? 8 5 S : 5 8 Z h 8 C 5 6 W 5 : X : � 4 � X ] 4 8 A W � 4 9 W < ? : X : W < : 5 5 8 X : 5 � 4 ? �
U ] 4 3 4 2 W 3 4 � 2 W 3 4 8 9 ] 9 Z ` 5 X 4 3 X ] 4 ? 4 < 5 : X C : 5 v W 3 4 X ] 8 < X ] 8 X W 2
< W : 5 4 � � 4 < 9 4 � X ] 4 X ] 4 W 3 4 v : 5 6 3 W � 4 ? �

5.1 Discussion
� 4 X � , A 4 X ] 4 v 8 e : v ` v 8 Z Z W h 8 A Z 4 � 8 Z ` 4 : < 4 8 9 ] ? : v 4 < �

5 : W < � � ] 4 < � > � I , @ q D � , H A � � u I , @ q D � , H � X ] 4 c : � 4 < 5 6 8 9 4
: 5 5 � 4 h 4 ? X W h 8 3 ? 5 3 4 9 X 8 < c ` Z 8 3 5 ] 8 6 4 � U ] 4 A W ` < ? : < c A W e W 2
9 Z ` 5 X 4 3 9 8 < < W Z W < c 4 3 A 4 W 2 5 � ` 8 3 4 5 ] 8 6 4 ? � � : < 9 4 + � ! " h : Z Z
A 4 v W 3 4 X ] 8 < X ] 8 X W 2 � � u I , @ q D � , H � � W : < X ] : 5 9 8 5 4 h 4 5 ] W ` Z ?
9 W < 5 : ? 4 3 X ] 4 3 4 9 X 8 < c ` Z 8 3 5 ] 8 6 4 ? A W ` < ? : < c A W e 4 5 X W c 4 < 4 3 8 X 4
6 W : < X 5 �
� 4 X C , A 4 X ] 4 Z 4 < c X ] W 2 X ] 4 5 : ? 4 W 2 A W ` < ? : < c A W e W 2 Z 8 3 c 4
9 Z ` 5 X 4 3 8 Z W < c ? : v 4 < 5 : W < � � � 4 X � DE D M G : M � � � � ? �
� ] 4 < 8 Z Z X ] 4 A W ` < ? : < c A W e 4 5 W 2 9 Z ` 5 X 4 3 5 8 3 4 Z 8 3 c 4 �

5 6 8 9 4 W 9 9 ` 6 : 4 ? A C 4 8 9 ] 9 Z ` 5 X 4 3 M
%
T

M
IH

, @ q

C , F D � R S H I

� ] 4 3 4 D S F C , K E H : 5 X ] 4 8 v W ` < X W 2 5 6 8 9 4 Z 4 2 X 2 3 4 4 8 3 W ` < ? X ] 4
A W ` < ? : < c A W e W 2 9 Z ` 5 X 4 3 8 Z W < c ? : v 4 < 5 : W < � �

%
T

M
IH

, @ q

C , F D � R S H I

7 % M
IH

, @ q
� ,

L I , @ q � ,
T

M
IH

, @ q

C , F D � R S H I

L I , @ q
� ,L I , @ q

C ,
M T F D � R S H I

G I M T F D � R S H IM 8 Z ` 4 W 2 4 : X ] 4 3 G W 3 S < 4 4 ? 5 X W A 4 � e 4 ? � : < W 3 ? 4 3 X W c 4 X X ] 4 5 : ^ 4
W 2 X ] 4 Z 8 3 c 4 A W ` < ? : < c A W e D X W c 4 X X ] 4 ? 4 < 5 : X C W 2 X ] 4 9 Z ` 5 X 4 3
h : X ] Z 8 3 c 4 5 X A W ` < ? : < c A W e H � � 2 G : 5 � e 4 ? X ] 4 < X ] 4 3 4 9 W ` Z ?
A 4 4 � 4 3 C 9 ] 8 < 9 4 X ] 8 X 2 W 3 5 W v 4 � 8 Z ` 4 5 W 2 T 8 < ?   � S 9 W ` Z ?
A 4 < 4 c Z : c : A Z 4 D X ] 4 c 8 6 A 4 X h 4 4 < 9 Z ` 5 X 4 3 5 h : Z Z 8 Z 5 W A 4 < 4 c Z : �
c : A Z 4 H � � < X ] : 5 5 9 4 < 8 3 : W h 4 9 8 < < W X 4 < 5 ` 3 4 < W < � W � 4 3 Z 8 6 6 : < c
9 Z ` 5 X 4 3 5 � S D � � H : 5 � e 4 ? X W c 4 X X ] 4 � 8 Z ` 4 W 2 G h : X ] X ] 4 ] 4 Z 6
W 2 T 8 < ?   � � 4 9 8 < 6 3 W � 4 X ] 8 X X ] 4 3 4 8 3 4 4 e 8 9 X Z C T 9 Z ` 5 X 4 3 5 : <
X ] 4 c 4 < 4 3 8 X 4 ? ? 8 X 8 : < X ] 4 5 : v : Z 8 3 h 8 C v 4 < X : W < 4 ? : < 8 A W � 4
X ] 4 W 3 4 v �

6. EXPERIMENTAL RESULTS
� C < ¢ £ ¤ ¥ y � ¦ z : 5 ? 4 � 4 Z W 6 4 ? : < ¤ R R Z 8 < c ` 8 c 4 W < � : < ` e

6 Z 8 X 2 W 3 v � © W 3 X ] 4 ] : c ] ? : v 4 < 5 : W < 8 Z ? 8 X 8 5 6 8 9 4 � < W X 8 Z Z X ] 4
c 4 < 4 3 8 X 4 ? 6 W : < X 5 D X ] W 5 4 h : Z Z 2 8 Z Z h : X ] : < X ] 4 A W ` < ? : < c A W e W 2
X ] 4 9 Z ` 5 X 4 3 H h : Z Z A 4 h : X ] : < X ] 4 2 4 8 5 : A Z 4 3 4 c : W < W 2 X ] 4 9 : 3 9 ` Z 8 3 �
4 Z Z : 6 X : 9 8 Z W 3 3 8 < ? W v 5 ] 8 6 4 ? 9 Z ` 5 X 4 3 5 � ¥ 5 X ] 4 < ` v A 4 3 W 2 ? : �
v 4 < 5 : W < 5 : < 9 3 4 8 5 4 5 � X ] 4 3 8 X : W W 2 2 4 8 5 : A Z 4 3 4 c : W < X W A W ` < ? : < c
A W e 5 : ^ 4 W 2 X ] 4 9 Z ` 5 X 4 3 h : Z Z ? 4 9 3 4 8 5 4 � � < X ] : 5 5 9 4 < 8 3 : W X : v 4

X 8 � 4 < X W c 4 < 4 3 8 X 4 9 Z ` 5 X 4 3 6 W : < X 5 h : Z Z : < 9 3 4 8 5 4 � U W W � 4 3 9 W v 4
X ] : 5 � 9 8 3 4 : 5 X 8 � 4 < X W v 8 � 4 5 ` 3 4 X ] 8 X 4 8 9 ] c 4 < 4 3 8 X 4 ? 6 W : < X
h : Z Z A 4 h : X ] : < X ] 4 2 4 8 5 : A Z 4 3 4 c : W < W 2 X ] 4 9 Z ` 5 X 4 3 �

� < X ] 4 9 8 5 4 W 2 X ] 4 c 3 : ? v 4 X ] W ? 2 W 3 3 8 < ? W v 5 ] 8 6 4 ? 9 Z ` 5 X 4 3 5 �
8 5 X ] 4 < ` v A 4 3 W 2 X ] 4 ? : v 4 < 5 : W < 5 : < 9 3 4 8 5 4 5 � < ` v A 4 3 W 2 9 4 Z Z 5 : <

X ] 4 c 3 : ? h : Z Z 4 e 6 Z W ? 4 � « W 3 4 W � 4 3 � X ] 4 3 4 : 5 < W 9 W < X 3 W Z W � 4 3 X ] 4
5 : ^ 4 W 2 X ] 4 A W ` < ? : < c A W e W 2 X ] 4 9 Z ` 5 X 4 3 � � : < 9 4 X ] 4 v 8 e : v ` v
8 Z Z W h 8 A Z 4 5 : ^ 4 W 2 4 8 9 ] ? : v 4 < 5 : W < 9 8 < X 8 � 4 8 Z 8 3 c 4 � 8 Z ` 4 � : X

: 5 < W X 6 W 5 5 : A Z 4 X W v 8 : < X 8 : < X ] 4 : < 2 W 3 v 8 X : W < 8 A W ` X 4 8 9 ] 8 < ?

33



� � � � � � � 
 
 
 � � � � � � � � � � � � � �  " � � � $  � � � ' ) 
 
  � � � - �  )
� 
 � ' � � � � ) � � � 
 ) � 3 � ) � - ) � � � � ' � ) 
 
 $ � � � � � � ) 3 �  " � � � $  � � � '
) � � = 
 
 � - � � ) � � 
 
 B � ) � � � ) � � � � 3 � � "  � � ) � �  � ) �  � � = 
 
 � - � � 
 
 '

� ) � � � �  � � � � � � � � '  � � 

G � H � J ) � $ 
 � '  " � H  - � � � � ' �  � ) 
 - ) � ) ) � � 3 � � � � � � G � 3 � � �

O 
 P � � � � � � � ) Q � � �  3 � � � � ) � � - ) � ) ' � � ' "  � � ) � �  � ' � � $ � � ' � '
3 � � � � � � P ) � 
 � T 
 G � H � � � � � - � � � � ' �  � ) 
 - ) � ) ' � � ' H � � �  � �
�  � ' � ) � � ' �  H � � � G � 3 � � � X

Y  
  " Y  
  " Y  
  " Z ) J � ) 
 � � P � � � � ) Q � �
[  � � � ' - � � \ ' ] 
 � ' � � � ' "  � ) - � � ` � � ' � � a

b B c c c O b c b c c c 
 X c
b c B c c c O b c b c c c 
 b c

b c c B c c c O d c b c c c 
 e e
b B c c c B c c c O d c b c c f 
 O O
b B c c c B c c c O b c c b c c f 
 O d
b B c c c B c c c O b c c b B c c c f 
 e X

b c B c c c B c c c O b c c b B c c c f f 
 O b
b c c B c c c b c b c c b c c f 
 d d
b c c B c c c b c b c c b B c c c g 
 T O

b B c c c B c c c b c b c c b B c c c T g 
 c h
b c c B c c c d c d c b c c X e g 
 e O
b c c B c c c d c b c c b c c d c c 
 d T
b c c B c c c b c c d c b c c b B b e h 
 b
b c c B c c c b c c d c b B c c c b B d h f 
 X b

� i � � j � l � m � j n i 
 j o p r s t j o j s i n m o t v i n i � j n � p r s � i s �

m r x � m o � x n �

6.1 Comparison with “clusutils”
� � � � � � � � � � � � � � � � � � ' �  �  " � � � { � 
 � ' � � � 
 ' } �   
 � ' �  �

H  � Q � � 3 $ �  $ � � 
 � B H � �  � 
 - �  � 3 � � � � � � �  " � � � �  � $ ) � �
� '  �  " � � �  � � $ � � 
 P � � = 3 � � � T ' �  H ' � � ' � 
 � ' � � { � 
 � ' � � � 
 ' }
� � � � � �  $ �  H ) � - � � ' � 
 � ' � � { � � � � � ] � } � � � � � �  � �  �

�  H 
 P � � � ) �  � � � $ � � ' "  � � 
 � ' � � � 
 ' ) � � ) ' "  
 
  H ' 


� Y � � � � �  " � 
 � ' � � � ' 


� Y � � � � �  " $  � � � ' 


� Y � � � � �  " - � � � � ' �  � ' 


� � � � ' � � � 
 � � � 
 


� � ) � -  � �  � ' � ` � � � ' � ) 
 � � H � 
 
 � � ) - - � - �  � ) � � ) � -
� � � � � - � � � � ' �  �  " � � � � � $  � � � a 


� [ � � � � � � ) 3 �  "  � � 
 � � � ' ` � � � ' � ' � � � $ � � � � � � ) 3 �  " � � � � � �
 " � J � � ) $  � � � ' �  � � ) - - � - ) '  � � 
 � � � ' � �  � ' � a 


� � $ � � ' �  � �  � �  �  � � � � � �   
 ' ) � � ) ' "  
 
  H ' 


Y � � � � �  " $  � � � ' � d c c

Y � � � � �  " � 
 � ' � � � ' � d

Y � � � � �  " - � � � � ' �  � ' � O

� � $ � � "  � � � � - � � ' � � � 
 � � � 
 �  � 
 � ' � � � 
 ' $ ) � ) � � � � � � ' b B � � ) � '
) 
 
 � � � � 
 � ' � � � ' H � 
 
 � ) � � ' ) � � - � � ' � � � 
 P � � = � ' � � H  �  
 � � � '
) � � � � � - ) � ) ' � � ' H � � �  � � �  � ' � $  � � � ' B � � � � � ] � � ' �  - � �

= � - ' � 3 � � 
 � "  � 3 � � � � ) � � � 3 �  � ' � 
 � ' ' - ) � ) ' � � ' 
 � � � � � 
 ) ' �

�  
 � � � � � � - ) � ) ' � �  " � � � � 
 � ' � � � 
 ' � ' 3 � � � � � ) � -  � �  � ' �
) ' d c 
 c ) � - �  � ' � $  � � � ' ) � � 3 � � � � ) � � - � � � � � � ) ' �  " � � � �
� � ] � 
 � � � � H � � � � � � � � $ � � ' ) � � ' ) � � � 
 � ' � � � 
 ' � ) � � � ) Q � �
- � � � � � � � � ) � 3 � ' � � �  � � J ) � - � - � � � � ' �  � ' 
 � � � � � � ) ' �  "
� � � � � ] � � � � = � ' � � � ) 3 � � ' � � b c J b c ' $ ) � � ) � - � � � ' � � �

 � - � � ) 3 � � ' � � b c c J b c c ' $ ) � � ` � � � � � � � � � � � � � � � � ' � �
� ) � ' $ � � � " � � � � � ) J � � � � � ) 
 � � � ) Q � � � � ) - � � � � ' �  � a 
 P � �

 ) ' � � � ) 3 �  " � 
 � ' � � � 
 ' ' �  H ' � � ) � � � � � � ) � � �  � 
 � ' � � � ' � � � �

� �  � 3 � � � � ' ' $ � � � = � - � � ) � � � � � � ' �  � 
 - � � = � � � 
 � ' � � � ' � �
� � � - ) � ) ' � � 
 � � � � � ) ' � � � � � ] � � � ' � � � ' � � ) � � � � � � H � 
 
 � �
� � � � � � � - � � � � � �  " � 
 � ' � � � ' � � � � � 3 � � � � ) � � - - ) � ) ' � � 


7. CONCLUSIONS
P � � $ �  � 
 � �  " 3 � � � � ) � � � 3 ' � � � � � � � � - ) � ) ' � � ' � � � � � � � ' )

� �  �  � 3 � � � - � � ' � ) � - � � 3  " � � ) 
 � 
 � " � - ) � ) ) � - � � � �  - � 
 ' � � ) �
� � ' � � = � � � � � 
 � � $ � � ' � � � � - ) = � ' � � � � � '  
 � � �  � H � � � � � �  �
� � � � � ) 
 � � ) 
 � ) � �  � B �  3 � � � � ) � � � 
 � ' � � � '  " �  � $ 
 � J ' � ) $ � '
� � � � 3 � - � � � � ' �  � ) 
 - ) � ) ) 
  � 3 H � � � � � � � � � 
 � ' �  �  " �  � ' �
$  � � � ' 
 � � ) 
 '  ' �  H � - � � ) � � � � � � ] � � ' ' � $ � � �  � �  � � �
� J � ' � � � 3 - ) � ) ' � � 3 � � � � ) � � � 3 �   
 ) � - � ) � 3 � � � � ) � � � � � � � � 3 � �
- � � � � ' �  � ) 
 - ) � ) ' � � ' H � � � � � � 
 � ' �  �  " �  � ' � 


] � � � � � � 
 � B � � � � � ] �  � 
 � � ) � - 
 � ' � � � � � � � ) 
 - ) � ) ' � � ' 
 � �
" � � � � � H � H � 
 
 ) - - � � ' ' � � � $ �  � 
 � �  " 3 � � � � ) � � � 3 - ) � ) ' � � '

- � ) 
 � � 3 H � � � � ) � � 3  � � � ) 
 ) � - � � � � �  3 � � �  � ' - ) � ) � � $ � ' 
 G � �
� � � � H  � Q ) 
 '  � � � 
 � - � ' � ) � - 
 � � 3 � � � � � � � ) � 3 � 
 ) � ' $ ) � � ) � -
 � � � � � � H � � � �  - ' �  3 � � � � ) � � � � � � 
 � ' � � � ' 
 � � � � � ' $ ) $ � � B
� � � ) 
 3  � � � � � ' 3 � � � � ) � � � 
 � ' � � � ' H � � � � ) � � �  � �  � � � 
 ) $ $ � � 3
� � ) 
 
 � � � - � � � � ' �  � ' 
 � � H  � 
 - 
 � Q � �  � J � � � - � � � ' ) � -
�  � ' � - � � � � � � ) ' � H � � � � � � � 
 � ' � � � '  � � � 
 ) $ H � � � � ) � �  � � � �
) 
  � 3 � ) � � - � � � � ' �  � B � � � � � � � ) � � ' � $ ) � ) � 
 �  � 
 � H � � � ) 
 


� � � - � � � � ' �  � ' ) � � � ) Q � � � � �  �  � ' � - � � ) � �  � ` ) ' ' �  H � � �
= 3 � � � d B H � � � � � � � � H  � 
 � ' � � � ' ) � �  � � � 
 ) $ $ � � 3 H � � � �  � �
' � - � � � -  � 
 � ) 
  � 3 J � ) J � ' ) � -  � 
 � ) 
  � 3 � � ) J � ' B � �  � 3 � � � � �
) � � H � 
 
 � ' � $ ) � ) � � - a 


� m t x s j � l � � x � n j s � r � j s � i � � j v m o � m o t � j v m � j o � m r o

8. ACKNOWLEDGEMENTS
� � ) � � � � � � � � � � � � ) � Q " � 
 �  � ) � ) 
 � ) � 
 ) $ ) 
 � � "  � � � '

� � ' � 3 � � " � 
 �  � � � � � ' ) � - �  � ) � � ) � ) � ) � ) � ) � � ) 
 
 � � � B � ) � � � �
- � ) � ) � �  ) � $ ) � � "  � $ �   " � � ) - � � 3 � � � $ ) $ � � 
 � � ) 
 '  ) � �
Q �  H 
 � - 3 � � � � � � ' � � � 3  " � � � �   
 -  � � � � � � � ' � � ) � � � � ] � � �
� � ) $ � B G � � ) 
 " � ) � � 
 P � � � ' � � - � � � ) �  ) � $ � � � � ' � � � � � �  " � � �
"  � � ) � �  � P � � � �  
  3 � B Y  � - ) B � � - � ) B ) ' $ ) � �  " ' � � � � � � � �
� � � � ' � � $ ) � � � � � � � ) � �  � ) 
 � � ' � � � � � �  " � � "  � � ) � �  � P � � � �  
 �
 3 � B � � - � � ) � ) - B � � - � ) 


9. REFERENCES
� b � � 
 G � ' � � � 
 � � $ �  � � � 3 � � " � � � � � � � � �  � 3 � �  � � � $ � � ) 


� 
 � ' � � � � � 3 
 � � � � B b e f g 


34



� � � � � 
 � � � 
 � 
 � � � � 	 
 
 � � � � 
 � 
 � 
 � � � 
 � � � � � � � � � � � � 
 � 
 � � � 
 �

$ % & � ' ( * + - . * 0 0 2 3 ' 4 0 6 . + 9 ; 2 3 - 6 > 2 ? - > @ B > 9 0 > * - > -
E 9 3 9 . - > @ 2 3 ' ( I K ( L M N - E 9 0 % O � % P M Q B > 2 R 9 . O T T T '

$ V & L ' ( . > 2 X M Y ' K > 9 @ 3 R - B \ M - 3 * � ' � 6 ? - . ' 4 3 9 _ 0 \ - . 9 *
3 9 - . 9 0 > 3 9 @ E \ R 2 . B a 6 0 > 9 . @ 3 E - a E 2 . @ > \ ? - 3 * @ > 0
- N N a @ B - > @ 2 3 0 ' e 2 . g 0 \ 2 N 2 3 I a 6 0 > 9 . @ 3 E j @ E \

l @ ? 9 3 0 @ 2 3 - a l - > - - 3 * @ > 0 4 N N a @ B - > @ 2 3 0 - > % 3 * K p 4 Y
p 3 > 9 . 3 - > @ 2 3 - a I 2 3 r 9 . 9 3 B 9 2 3 l - > - Y @ 3 @ 3 E M % s s % '

$ t & L ' ( . > 2 X M Y ' K > 9 @ 3 R - B \ M - 3 * � ' � 6 ? - . ' u @ 3 * @ 3 E
B a 6 0 > 9 . 0 2 r * @ x 9 . 9 3 > 0 @ X 9 0 M 0 \ - N 9 0 M - 3 * * 9 3 0 @ > @ 9 0 @ 3
3 2 @ 0 ; M \ @ E \ * @ ? 9 3 0 @ 2 3 - a * - > - ' K p 4 Y p 3 > 9 . 3 - > @ 2 3 - a
I 2 3 r 9 . 9 3 B 9 2 3 l - > - Y @ 3 @ 3 E M % s s V '

$ | & 4 ' u 2 0 0 - 3 * Q ' } ' � - - 3 9 ' 4 N - . - ? 9 > 9 . a 9 0 0 ? 9 > \ 2 * r 2 .
9 ~ B @ 9 3 > a ; * @ 0 B 2 + 9 . @ 3 E B a 6 0 > 9 . 0 2 r - . R @ > . - . ; 0 \ - N 9 @ 3
a - . E 9 * - > - 0 9 > 0 ' � . 2 B ' 2 r > \ 9 p ( ( ( p 3 > 9 . 3 - > @ 2 3 - a
I 2 3 r 9 . 9 3 B 9 2 3 l - > - Y @ 3 @ 3 E � p I l Y � % s s % � M N - E 9 0 N N

O � T � O P � M Y - 9 R - 0 \ @ I @ > ; M � - N - 3 M l 9 B 9 ? R 9 . T � O % M
% s s % '

$ � & � ' j - 3 - 3 * Y ' � - ? R 9 . ' � � � � � � � � � � � � � � � � � � � � �
� � � � � � " � � � ' Y 2 . E - 3 � - 6 x ? - 3 3 � 6 R a @ 0 \ 9 . 0 M O T P P '

$ � & � ' Y - B $ 6 9 9 3 ' K 2 ? 9 ? 9 > \ 2 * 0 r 2 . B a - 0 0 @ � B - > @ 2 3 - 3 *
- 3 - a ; 0 @ 0 2 r ? 6 a > @ + - . @ - > 9 2 R 0 9 . + - > @ 2 3 0 ' | > \ � 9 . g 9 a ;
K ; ? N ' Y - > \ ' K > - > @ 0 > M � . 2 R ' M N - E 9 0 % P O � % T � M O T � � '

$ P & L ' � - 6 x ? - 3 - 3 * � ' � ' } 2 6 0 0 9 9 6 _ ' � � � � � � �   ¡ � � � � � �
� � � � ¢ & � ( � � ¡ � � � � � � � � � � � ¤ � � � � ¡ & � � ¤ ¥ � � � ' � 2 \ 3

e @ a 9 ; * K 2 3 0 M O T T s '

$ T & j ' Y ' 4 3 g 9 . 0 > M Y ' � . 9 6 3 @ E - 3 * � ' K - 3 * 9 . '
Q N > @ B 0 ¨ 2 . * 9 . @ 3 E N 2 @ 3 > 0 > 2 @ * 9 3 > @ r ; > \ 9 B a 6 0 > 9 . @ 3 E

0 > . 6 B > 6 . 9 ' p 3 > ' I 2 3 r ' Y - 3 - E 9 ? 9 3 > 2 r l - > -
4 I Y � K p ª Y Q l M O T T T '

$ O s & � ' Y ' ( 0 > 9 . M j ' � ' � . @ 9 E 9 a - 3 * , ' , 6 ' 4 * 9 3 0 @ > ; � R - 0 9 *
- a E 2 . @ > \ ? r 2 . * @ 0 B 2 + 9 . @ 3 E B a 6 0 > 9 . 0 @ 3 a - . E 9 0 N - > @ - a
* - > - R - 0 9 0 ' � 3 2 _ a 9 * E 9 l @ 0 B 2 + 9 . ; - 3 * l - > - Y @ 3 @ 3 E M
N - E 9 0 % % � � % V O M O T T � '

$ O O & ª ' e ' Y @ a a @ E - 3 ' 4 3 - a E 2 . @ > \ ? r 2 . E 9 3 9 . - > @ 3 E - . > @ � B @ - a
> 9 0 > B a 6 0 > 9 . 0 ' � 0 ; B \ 2 ? 9 > . @ - � 2 a ' | s ­ 2 ' O O % V � O % � '

$ O % & Y ' 4 ' ­ - 0 B @ ? 9 3 > 2 M l ' � r 2 0 9 . M - 3 * / ' ® \ 9 2 * 2 . @ * @ 0 '
K ; 3 > \ 9 > @ B - 3 * . 9 - a 0 N - > @ 2 > 9 ? N 2 . - a * - > - 0 9 > 0 ' � 6 a a 9 > @ 3 2 r

> \ 9 p ( ( ( I 2 ? N 6 > 9 . K 2 B @ 9 > ; ® 9 B \ 3 @ B - a I 2 ? ? @ > > 9 9 2 3
l - > - ( 3 E @ 3 9 9 . @ 3 E M % s s V '

$ O V & l ' , ' � - N 9 ' I a 6 0 6 > @ a 0 ' 4 + - @ a - R a 9 r . 2 ? ¨

0 2 2 4 6 8 8 9 : < = < 2 > : = ? = A < B 9 D E A B F D ? I D 2 8 J
0 2 2 4 6 8 8 9 : < = < 2 > : = ? = A < B 9 D E A B F D ? I D 2 8 L M I < M : 8 9 F N L M I ? 0 2 L : M

K 9 N > 9 ? R 9 . % s s s '

$ O t & } ' K ' ª 6 \ - - 3 * � ' K \ @ ? ' I 6 . 9 ¨ 4 3 9 ~ B @ 9 3 > B a 6 0 > 9 . @ 3 E
- a E 2 . @ > \ ? r 2 . a - . E 9 * - > - R - 0 9 0 ' p 3 > ' I 2 3 r ' Y - 3 - E 9 ? 9 3 >

2 r l - > - 4 I Y � K p ª Y Q l M O T T P '

$ O | & K ; 3 l ( I 4 ' \ > > N ¨ ¯ ¯ B * 9 ' @ @ @ > ' 3 9 > ¯ 0 ; 3 * 9 B - ¯ '

$ O � & } ' ® ' � \ - 3 E - 3 * Y ' L @ + 3 ; ' � @ . B \ ¨ 4 3 9 ~ B @ 9 3 > * - > -
B a 6 0 > 9 . @ 3 E ? 9 > \ 2 * r 2 . + 9 . ; a - . E 9 * - > - R - 0 9 0 ' p 3 > ' I 2 3 r '
Y - 3 - E 9 ? 9 3 > 2 r l - > - 4 I Y � K p ª Y Q l M O T T � '

$ O � & K ' � - * - N - a a @ M K ' } ' � - a a 6 . @ M � ' � - . a - N - a 9 ? M - 3 *
� ' ª 6 N > - ' I a 6 0 > 9 . - 3 - a ; 0 @ 0 - 3 * 2 6 > a @ 9 . * 9 > 9 B > @ 2 3 6 0 @ 3 E

. 9 + 9 . 0 9 3 9 - . 9 0 > 3 9 @ E \ R 2 . 0 ' ® 9 B \ 3 @ B - a } 9 N 2 . >
p p p ® � j ¯ ® } ¯ % s s t ¯ s s T M p 3 > 9 . 3 - > @ 2 3 - a p 3 0 > @ > 6 > 9 2 r
p 3 r 2 . ? - > @ 2 3 ® 9 B \ 3 2 a 2 E ; M j ; * 9 . - R - * '

$ O P & � ' e ' e - 3 E - 3 * } ' Y 6 3 > X ' K > @ 3 E ¨ - 0 > - > @ 0 > @ B - a
@ 3 r 2 . ? - > @ 2 3 E . @ * - N N . 2 - B \ > 2 0 N - > @ - a * - > - ? @ 3 @ 3 E ' p 3 > '

I 2 3 r ' � 9 . ; L - . E 9 l - > - � - 0 9 0 M O T T � '

35



� � � � � 
 � � � 
 � � � � � � � � � 
 � � � 
 � 
 � � � 
 � � � � 
 � � � � � � � 
 


� � � � � 
 � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � " $ � � & ( ) � 


36


