
� �������	��

����
�������������������� �!�#"�$&%�"'���(�����*)+%�,.-����/��0213��4�
5,6���

57�"98�:;

���	��

7<4 �=%��������>4����>���?
����@��������$

ACBEDFBEGIHIJFBLKMGONQPRBEJ�S
TVU�WYX�T[Z\W]U&^'_
T`TVa�bdc�e`fhgjilk5m
fon\prqjsutuvwk5fhm'_
xwy<z�{ i�|di�^Fq~}o�EfOvj�wb?�w� yd��� tuvwk5fhmlb`�`k5vje`��i
� B`D�BEGIHIJ�B�����G�N�PRB?J�S&��S�J�HO���5��B`�wH��~�`�o���

�r� �lN�� B`¡jN¢�¤£�¥§¦�¨�©dª«©d¬�­�©?­¯®°©V® ¨l¬�¨Yª¢±R¬°¨�²�­«¦³©�´I¦�µw¬]¶M¬l´�¥[®�±M·l®w­]ªw¸+®«©d¬l¸¹©?­�®§ºl»o¬l¶¼¦�¸3´I¦�¶<¬½¨l¬l­«¦¾¬°¨
ªw¸?ªw»À¿ ¨«¦�¨rÁr±§¬�´�¬�­°¶�¦�¸`¦�¸RÂY´�¥V¬M¸`ÃV¶Mº5¬l­M®¯·�­�¬�Âj¦�¶M¬°¨<¦�¸6ªÄ¨«Å&¦I´¾²�¥§¦�¸RÂÆªwÃd´¾®w­
¬¾Âj­
¬°¨«¨«¦�µw¬�¶<®�±R¬�»oÇ=ÈÉ¬<Å&¦�»�»
´I­¯ªw¸`¨«»oªj´�¬�´�¥§¦O¨#©?­�®§º�»h¬�¶Ê¦�¸E´¾®<ªr²l»oª ¨5¨°¦ ËÌ²5ªj´I¦Í®w¸Y®j¸�¬�ªw¸�±M±§¬ÍËÎ¸�¬�ªM²l­°¦�´�¬l­«¦Í®w¸�·l®w­>²l»ÀÃ[¨°´�¬�­°¦�¸RÂ�¥§¦¾¬�­�ªw­�²�¥§¦�Ï
²5ªw»�»Ð¿!±w¦ Ñ	¬�­
¬�¸?´�¶<®�±R¬�»EË#´Í´I¦�¸RÂj¨�Ç]ÒÓ¦�¸?ªw»�»Ð¿ Ô>´�¥V¬�¶M¬l´�¥V®�±YÅ&¦�»�»Õº«¬�´�¬°¨�´�¬
±Æ®w¸L¨«¦�¶�ÃV»�ªj´�¬5±¹¬
ÖRªw¶�©?»o¬�¨×ªw¸�±
­�¬5ªw»ÐÏØ»À¦ ·�¬�±~ªj´¾ª§Ç

Ù]PRÚ=Û��E� DF�M���lÛ�HONQ¡ Ü�HIJ�ÝLBES�N��E� P[ÝE� PR���QHO��P � ��DFPVG��jÞ#Ü�H�P[� B`�Q¡wÜ�H�¡§BEGß¡§GISF�lN�P[� HIJFÝ�Þ#àáBE�QDâDuH����
N�BEJF¡~PEÞÌã�KMA

ä å`æ	ç�è�é�ê<ë�ì�ç�í5é�æ

_ØeÉn
îdi�ï?vjm�n�s�ilðCpji�vwk«mlb�m
ilgjilk5vj}uedq~e`}hfhe`i�vwk�v { n�qjk
ilñjk
i�m5m
fogji�ò�q[|`i�}hmßðÌilk
i�ï`k
qjï�q~m�i�|½s�qjk�n
fOò�i�m�ilk«foi�m
vje`vj}opVm
fhmló�T[q~ò�i�qjsÌn
îdi�m�i<ò�qV|di�}hm�vwk
i��Evjm
i�|!q~eÆn
îdi<fh|di�v�n
î`vwn�n
îdi�ï`k
qV��i�m
m�fhm��5îEvwk5vj��n�ilk5foôli�|õedqjn
�Rp!v { eEfhö { i�}Ofhedi�vwk�v { n�qjk
ilñjk5i�m
m
foq~e�bF� { n>�[pÆn
îdi�s�vj��n�n
î`vwn�n\ð#qÉqjk�ò�qjk
iMk
ilñ~fhò�i�mlbFi�vj�5îõqjsÕn
îdi�ò
}hfhedi�vwk�bÕvwk
iY|dk5fogVfhedñÆn
îdiYm�ilk5foi�mM��i�îEv�gVfoq { k�ó+^ßîdi]ò<q~m�nr�l}hvjm5m
fh�lvj}ßi�÷dvjò�ïE}hi�mMvwk
iY^FU z@ø ^�k
i�m5îdq~}h|
U { n�qjk5ilñjk
i�m
m
fogjiQù�ò�qV|di�}hm�fOe§n�k
qV| { ��i�|¹�Rp!^Fq~edñ ø¯��x �wú~ù�ð�fon
î¹k
ilñ~fhò�iMm
ð�fon
�5îEfhedñ]vj�l��qjk5|EfhedñÄn�qÉn
îdi
ò<vwñ~e`fon { |`i�qjs�v�n�k
i�m5îdq~}h|rg vwk5fOvw�E}oijb[n
îdi	m5ò�qRqjn
î`i�|rgjilk«m
foq~e�qjs�^�U z ò<q[|di�}Om ø TV^�U z ù«bVqjkÕn
îdi	ò<qjk
i
k
i���i�e§n�WÉvwk
ûjq�gYm�ð�fon
�«î`fhedñrv { n�qjk
ilñjk
i�m
m5fogji�ò<q[|di�}OmlbEü`k«m�n { m
i�|]�[pÄý�vjòMfh}on�q~e ø¯��x ú x ù�n�q�ò�qV|di�}�n
îdi
c�óÐT�ó�þ	k
q~m
mßÿ	vwn
foq~e`vj}�tÎk
qV| { ��nló
aÓm�n
fhòMvwn
fhedñ�n
îdi�m�i�ò<q[|di�}Omßfhm { m { vj}h}opM|dq~e`i>�Rp½ò<v ÷dfhò<foô�fOedñ�n
î`i�}hfoûji�}hfOîdqRqV|rs { eE��n
foq~e�bV� { n { eE|dilkßv
gjilk
p<m�n�k
q~edñ�î§p[ï�qjn
îdi�m
fhm�bRv�ü`÷[i�|re { ò���ilkÓqjs�k
ilñ~fOò�i�mló��Õîdq[q~m
fhedñ�n
îdi��¯n�k { i���e { ò���ilk#qjs�k
ilñ~fhò�i�m#fhm
m�n
fh}h}Vvje�qjï�i�e�ï`k5qj�E}oi�ò½b~vjm&n
îEfhm&fhm&i�ö { fogwvj}oi�eRn�n�q�n�i�m�n
fhedñ�ð�fon
î�}hvj�
û�qjs�fh|di�eRn
foüEvw�EfO}hfon�p { eE|dilk&n
îdi�e { }h}
î§p[ï�qjn
îdi�m
fhmló�^ßî`fhm	}oi�vj|`m	n�qÄv½|dilñji�edilk«vwn�i�|¹�ufhm
îdilk>fheds�qjk5ò<vwn
fhq~eÉò<vwn�k«f�÷Évje`|Æn
î { m�n
îdi��5îEf�Z�m
ö { vwk
i
n
îdilqjk
p½vje`|×n
îdi�}Ofoûji�}hfhîdq[qV|Mk5vwn
fhq<n�i�m�n
mßsIvjfh}�n�qMvwïEïE}opjó

� �	��

� 
&ç���é�ê

^ßîdi½ï`k
qj�?}oi�ò�qjs	ü?e`|`fhedñYn
îdi��¯n�k { i��¹e { ò���ilk�qjs	k
ilñ~fhò�i�m<�lvje=��i�k5ilðßk5fon�n�i�e vjmrv¹�l}hvjm
m
fhüE�lvwn
foq~e
ï`k
qj�E}oi�òÊvjm�s�q~}O}oq�ð�m�ó#T { ï`ï�q~m�i	n
î`vwnßðÌi�î`v�gji�qj�Em�ilk5gji�|Än
îdi>gwvj} { i�m'qjs&v�n
fhò<i�m�ilk5foi�m�������� ��� ��� � vje`|
ð#i�|di��lfh|di�n�qMü`n	vjeÉv { n�qjk5ilñjk
i�m
m
fogji�ò�qV|di�}Íó�X�e`��i�n
îdi�qjk5|`ilk�qjs&n
îdi�ò�q[|`i�}�î`vjm���ili�e]|diln�ilk5òMfhedi�|
ø ð�fon
î�vje�U�_��¹��k5fon�ilk5foq~e�bQs�qjkFi�÷dvjò�ïE}hiQù«b ðÌi#�lvje���q~e`m
fO|dilk�n
îdiÌ|`vwn
v	m�iln�qjs`|`fOò�i�e`m
foq~e ø��! #" ù�÷ ø$"&%r� ù«b
�'���)(����+*,��(.-/-/-0���+*213� ��� 1'4&��� � ó�5�q[qjûVfhedñ�s�qjk'n
îdi>e { ò���ilkÕqjs�k
ilñ~fhò�i�mÕfhm'vj��n { vj}h}op<i�ö { fogwvj}oi�eRnÌn�q<}hqRqjûVfhedñ
s�qjkßn
î`i�e { ò���ilk'qjs�k
ilñjk
i�m
m
fhq~eÄ}hfhedi�m ø qjk�î§p[ï�ilk
ïE}hvjedi�m°ùÎð�î`fh�5î×ð�fh}h}���i�m�n'ü`n'n
îdi�|Evwn
vVó



���������
	�	
�������������

^ßîdi!fh|`i�v6fOmr�?vjm�i�|+q~e+n
îdiÆs�q~}O}oq�ð�fOedñõk5i�ò<vwk
û�ó þ�fogji�e+n
î`i¹|`vwn
v m�iln½fhe+�ufoñ { k
i � b	ü`n�n
fhedñLq~edi
k
ilñjk
i�m5m
foq~e<}hfOediÕn�q�n
îdi�|Evwn
v�fhmÎ�l}oi�vwk«}op�e`qjnÓn
îdißñjq[qV|<�5îdq~fO��ijó&_\s�ðÌi�edq�ð¤m { ï`ï�q~m�iÕn
î`vwn#ð#i�ò<vje`vwñji�|
n�q<�l} { m
n�ilkÌn
î`i�|`vwn
v�fhe§n�q�n\ð#q<ñjk5q { ïEmÕvje`|×ðÌi	ï�ilk
s�qjk5ò v�k
ilñjk
i�m5m
foq~e�ð�fon
î`fOeMi�vj�«î½qjs�n
îdi�m
i>ñjk
q { ïEmlb
ðÌißñjilnÓn\ð#q�}hfhedi�muð�î`fh�5îMm�ili�ò;n�q�|di�m
��k5fo��iÕ��iln�n�ilkÓn
îdi�m
vjò�ïE}oijó&^ßîEfhm&fhmÎ��q~edüEk5ò�i�|��[p�n
îdi ��m
ö { vwk
i�|
ilk
k
qjk �VbRð�îEfh�5î�ðÌi�|`ilüEedijbRfOe�n
îdi�m
i���q~e`|M�lvjm�ijbdvjm#n
îdi�m { ò;qjs�m
ö { vwk
i�|�k5i�m
fh| { vj}Om&ð�fon
î`fOe�i�vj�5î��l}hvjm
mló

2.0 2.5 3.0 3.5 4.0

0.
0

0.
5

1.
0

1.
5

2.
0

x

y

2.0 2.5 3.0 3.5 4.0

0.
0

0.
5

1.
0

1.
5

2.
0

x

y

�������! #"%$�&'���)(*(#��+,�.-�/)�!0*(#"1 #"3242!56(75

_¯e�n
î`iÌñji�e`ilk5vj}d�lvjm�ijb§ðÌi'ðÌq { }h|�}hfoûjiÕn�q>m�n
vwk
n&ð�fon
î�m�q~ò<i��¯ñjq[qV| �>fhe`fon
fOvj}§�l} { m
n�ilk5m�ð�î`fh�«î�ð�fh}h}~��iÕn
îdi�e
�l}hvjm
m5foü`i�|Æî`foilk5vwk«�5î`fh�lvj}O}op { m
fhe`ñ�m�q~ò<i�m5ö { vwk5i�|Æilk
k
qjk���k5fon�ilk«foq~eÆvje`|Yð#i�ðÌq { }h|Yi�÷Vï�i���n>n�qÄîEv�gji<vje
fhò�ï�qjk
n
vjeRnÎ�`k5i�vwû<fhe<n
îdi	fhe`��k
i�vjm5fhedñ>gwvj} { i�m#qjs�n
î`fhmÓ��k«fon�ilk5foq~e�b§q~e`��i�ðÌi	ïEvjm
mÎs�k
q~ò n
îdi�n�k { i�e { ò���ilk
qjsÎk
ilñ~fOò�i�m	n�q×v�m
ò<vj}O}oilk�q~e`ijó�U �¯ñjqRqV| �×�l} { m�n�ilk>m
î`q { }h|]��q~eRn
vjfheYqj�Em�ilk5g vwn
foq~eEm���i�}oq~e`ñ~fhedñ<n�q×n
îdi
m
vjò�irk
ilñ~fhò�irvje`|�buvwn�n
îdi�m
vjò�irn
fhò�ijbuî`v�gji�i�edq { ñ~î¢ï�q~fOe§n
m�n�q]i�m�n
fhòMvwn�irvÄk5ilñjk
i�m
m
foq~eõ}hfhedijó98!i
î`v�gji��5î`q~m�i�eMn�q { m�i;:�q~îdq~edi�eMòMvwïEm&n�q�|`q�n
î`fhmÓn
vjm�û���i��lv { m�i�n
îdilp�ï`k5q�gVfh|dißîdq~ò�qjñji�e`ilq { m#�l} { m�n�ilk5m
vje`|½ðÌi��lvje { m�i>n
îdi�n�qjï�q~}oqjñjp½��q~e`m�ilk5g vwn
foq~eÄn�q<s�vjm
n�i�eÄn
îdi�î`fhilk5vwk5�5îEfh�lvj}��l}hvjm
m
fhüE�lvwn
foq~eÄvj}oñjqjk«fon
î`ò½ó
U	m½ð#iõvj��n { vj}h}op+edili�|ân�q=��q~ò<ïEvwk
i¹|`f=<�ilk
i�eRnÄ|`vwn
v ü`n
m�b	ð�î`fh�5îâfOm½vj}hm�q i�ö { fogwvj}oi�e§n½n�q3|`f=<�ilk
i�e§n
e { ò���ilk5mÎqjs�î§p[ï�ilk
ïE}hvjedi�m�b~ð#i	edili�|rn�q�vj|`vwï`nÌv�î`fhilk5vwk5�5îEfh�lvj}E�l}hvjm5m
foüE�lvwn
foq~e<n�q�q { kÌ�lvjm�i ø }oiln { mÓü`k5m�n
ò<vwûji�n
îdi���q~eRgji�e§n
foq~e¹n�qÄ�lvj}h} ���l} { m�n�ilk5m �Mn
îdi�k
i�m { }on	qjsÓn
îdi>:>q~îdq~edi�eÆò<vwï¹vjeE| ���l}Ovjm
m�i�m ��n�ðÌq½qjk
ò�qjk
i!���l} { m�n�ilk5m �@?�q~fhedi�|�n�qjñjiln
îdilkÓ�[p�n
îdi'î`foilk«vwk5�5î`fO�lvj}Rò�iln
î`q[|?ù«óA8!i'ð�fO}h}§�«îdqRq~m
iÕv>e`ilð ��|Efhm�n
vje`��i��
��iln�ðÌili�e]�l}hvjm5m�i�m'�[p×|`ilgji�}oqjï`ïEfhe`ñ�v�m5ö { vwk5i�|½ilk
k
qjk���k«fon�ilk5foq~e�ó
U¤gjilk
p�ï�qjï { }hvwkÎò<iln
îdq[| { m�i�|rfhe<�l}hvjm
m5foüE�lvwn
foq~e<fOm&n�q�ò<fOe`fhò<foôli'v�ð�fon
î`fhedZ��l}hvjm
mugwvwk5fhvwn
foq~e<��k«fon�ilk5foq~e�b
n
îdiÕgwvwk5fhvwn
foq~e�ð�fon
îEfhe�v��l}hvjm
m���i�fhedñ	|dilüEedi�|�vjmun
îdi'm { ò qjs�m
ö { vwk
i�|�|`fhm�n
vje`��i�m�s�k
q~ò n
îdi'fhe`|`fhg[fh| { vj}hm
n�q]n
î`i<�Evwk
k
pV��i�eRn�ilk�óCBÌp!��q~e`m
fh|`ilk5fhedñ½v]|Evwn
vÄm�ilnED�FHGJI�K�b�LNM � (.-/-/-/(PO vje`|¹v½üd÷Vi�|¢e { ò���ilk>qjs
�l} { m
n�ilk5mRQ�b[n
îdi�n�qjn
vj}�ð�fon
î`fhedZ��l}hvjm
mugwvwk5fhvwn
foq~e��lvje���i�ðßk5fon�n�i�e�vjmTSVU�MXWZYF �&�\[ F]SVF&bRð�î`ilk
i [ F�fOmÎn
îdi
ðÌi�foñ~î§n�qjsÕ�l}Ovjm
m.L
bASVF^M_Wa`'bc �&�ed!f ø DgF � c (ih
F¾ù���i�fOedñ×n
îdi<gwvwk5fhvwn
foq~e!ð�fon
î`fheÆn
îdir�l}hvjm
mjL�vje`|kh
F'fhm>n
îdi��qjk
k
i�m
ï�q~eE|`fhedñ×�Evwk
k5p[��i�eRn�ilk�ó98!ir|di�edqjn�i�|¢�Rp�O4F'n
îdiMe { ò���ilk�qjsÕfOe`|`fogVfh| { vj}Om�fhe¹�l}Ovjm
m.L	vje`|!�[p
DgF � c n
î`i�|`vwn
v�ï�q~fheRn'fhe`|di�÷Vi�|×�RpmlMfheÄ�l}hvjm
mnL
ó
_¯eÄî`foilk5vwk«�5î`fh�lvj}��l}Ovjm
m
foüE�lvwn
fhq~e�bdn
î`fhmÕï`k«fhe`�lfoïE}hi�ðÕvjm�vj|`vwï`n�i�|]�Rpo8¹vwk5|Évje`|×n
îdi�vj}hñjqjk5fon
î`ò ��q~eEm
fhm�n
m
fhe<�l} { m�n�ilk5fhe`ñ	n�qjñjiln
î`ilkÌn
î`i�fhe`|`fhg[fh| { vj}hm�ð�îdq�ò<fheEfhò<foôliÕn
îdi�fOe`��k
i�vjm�ißqjs�n
îdi�ð�fon
î`fhedZ��l}hvjm
mugwvwk5fhvwn
foq~e�ó
X { kßfO|di�v�ðÌvjm�n�q<� { fh}O|rvjeÄvj}hñjqjk5fon
î`òÊm
fOò<fh}hvwkÌn�qm8¹vwk5|'p m�b`� { nlbdvjmßq { kßfhe§n�ilk5i�m�nßfhm'n�q�i�m�n
fOò<vwn�i�n
îdi
e { ò���ilk&qjs�îRpRï�ilk
ïE}Ovjedi�mu�5î`vwk5vj��n�ilk«foô�fhedñ�n
î`i�|`vwn
vVb§ðÌißð�fO}h}[k
ilïE}hvj��i'n
îdi��Evwk
k
pV��i�e§n�ilk«mÎ�[p�k
ilñjk5i�m
m
foq~e
}hfhe`i�m�vje`|¹n
î`irð�fhn
î`fheVZ��l}hvjm5m�g vwk5fOvwn
foq~e¹��i���q~ò�i�m�n
îdi×m { ò qjsßm5ö { vwk5i�|¹ilk
k
qjk«mlóÉX	�[g[foq { m
}opjbFfOe!n
î`fhm
�lvjm�ijb?n
îdi�fheRn�ilk�Z��l}hvjm
m'gwvwk5fhvwn
fhq~eÄ�lvje`edqjnß��i�|dilü?edi�|�ó
�dqjk	v�üd÷Vi�|Äe { ò���ilk'qjsu�l}hvjm
m�i�mlb�Q�b`n
îdi>n�qjn
vj}�m { òÊqjsum
ö { vwk
i�|½ilk
k
qjk«mßfhm'|dilüEe`i�|½vjm
qrqAs;UtMuWZYv �&� q@qAsHwyxØb�ð�î`ilk
i�n
î`i<m { ò qjsÌm5ö { vwk5i�|Éilk5k
qjk5m�s�qjk��l}hvjm
mjzØb�zTM � (.-/-/-/(�Q�b�fhm.qrq�sHwyxTM



����� ���P�����
	 ��� � � � 	�
�����	������V�����,��	 � 	�
 ��� ���! � �"�$#&% �(' �)� � � �)*.�n�,+r��	-�-
\�)* '.� ��	�� � �(' � � �P�P��� � �/��� � �
W �10
wyx ø ���  32����ù f vje`| 2���Õfhm	n
îdi�i�m�n
fhò<vwn�i�|¹g vj} { i�qjs ���#�[p]n
î`i<}hfhedi�vwk	k
ilñjk
i�m
m5foq~eÆqjsÓqjk5|`ilk " üEn�n�i�|
fhe×n
îdi��l}hvjm5m54 v ó
8¤îdi�e]ïEvjm
m
fOedñ�s�k
q~ò Q×n�qCQ  =� �l}hvjm
m�i�m�bEfos64TFuvjeE|74 c ðÌilk
i��l} { m�n�ilk
i�|�b`n
î`i�n�qjn
vj}�m { òÊqjs&m
ö { vwk
i�|
ilk
k
qjk5m'��i���q~ò�i�m%qrqAs;U MXWZYv �&��� v98��F � v98� c q@qAsHwyx % qrq�sHw b;: w=<jó8!i�ðÌvjeRn�n�q×òMfhe`fhò<fhôli�n
îdi�fhe`��k
i�vjm
i�qjsÎn
î`i�n�qjn
vj}&m { ò qjsÓm
ö { vwk
i�|Yilk
k
qjk5m�b�ð�î`fh�5îYò�i�vje`m	n
î`vwn�ðÌi
m�i�vwk5�5î]n
îdi��l}hvjm5m�i�m�L�>>vje`|Cl?>>m { �«î½n
î`vwn�@
ø L > (*l > ùrMBADC�hDE L�F F 8� c?G F�� c qrqAsnU�MHAIC hIE L�F F 8� c�J qrq�sHw bK: w=<  q@qAsHw b  qrqAsHw=<ML
^ßîdi�vj}oñjqjk5fhn
î`ò ñjqRi�m�vjmßs�q~}h}oqQð�mN@
8!i]��q~e`m
fh|`ilk Qõñjq~fhe`ñYs�k
q~òPO n�qRQ[b#ð�î`ilk
iSO fhm�n
îdi½e { ò���ilk�qjs��l} { m�n�ilk5m�k
i�m { }on
fhedñÉs�k5q~ò*n
îdi
:>q~îdq~edi�eÄòMvwï�ó
�dqjk�i�vj�«î Q�b`ðÌi�î`v�gji�n
îdi�s�q~}h}oqQð�fhedñ�m�n�ilïEmT@
� ó �Ìq~ò�ï { n�i>n
îdi4Q�k
ilñjk
i�m5m
foq~e`mß}Ofhedi�mÕ��qjk
k
i�m�ï�q~e`|Efhedñ�n�q<n
îdiEQ½�l}Ovjm
m�i�mQ[óÓ�ufhe`| ø L > (*l > ù#ð�î`fh�«î½ò<fhe`fOò<foôli G F � c qrqAs;U
� óVUjq~fhe×n
î`i�m�i��l}hvjm
m
i�mßn�qjñjiln
îdilk�b?ï { nnQ MaQ  =� vje`|½ñjq<n�q � ó
UÕnßn
îdi�}hvjm
nßm�n�ilïÉvj}h}�ï�q~fheRn
m'vwk
i��l} { m�n�ilk
i�|×n�qjñjiln
îdilk�vje`|½n
î`ilk
i�fhm'v<m5fhedñ~}oi�k
ilñjk
i�m5m
foq~eÄ}hfOedijó
^ßîdi�edi�÷Vn�n
îEfhedñ�n�qr|`qrfhmß|`k5v�ðCn
îdi�|di�eE|dk
qjñjk5vjò vje`|]}oq[qjû½îdq�ðCn
îdi�n�qjn
vj}�m { ò qjs&m
ö { vwk
i�|Äilk
k5qjk5m
fhe`��k
i�vjm�i�mÌqQgjilkßn
îdi>�l}hvjm
m
fhüE�lvwn
foq~e�ó&U	m'fon#ðÕvjm'ò�i�eRn
foq~edi�|�i�vwk5}hfhilk�bRq~e`i�òMfoñ~î§nÌi�÷Vï�i���n'vje×fhò�ï�qjk
n
vjeRn
�`k
i�vwû�ð�îdi�e½n
îdi�e { ò���ilk'qjsu�l}Ovjm
m�i�mßfhm�m
ò<vj}h}oilk'n
îEvje½n
îdi>k
i�vj}�e { ò���ilk'qjs�k5ilñ~fhò�i�mló

W XRY�Z\[^]`_ 
6abZßæ�êdc 
6a�ë`_�çea
^ßîdi�ò�iln
îdqV|MðÕvjmÕn�i�m�n�i�|×q~e×m�ilgjilk5vj}�edq~e`}Ofhedi�vwk#v { n�qjk
ilñjk
i�m
m
fhgji	k5ilñ~fhò�i�m�ð�fon
�«î`fhedñ�ò�q[|`i�}hmló&ý�fOm�n�qjk�Z
fh�lvj}h}opjb�n
îdi<ü`k«m�n�fheRn�k
qV| { ��i�|!ðÌilk
i�n
îdi<n�k
i�m
î`q~}h|¢ò�qV|di�}hm ø ð#i�ð#q~e p n�m�ï�i�vwû!îdilk
i�vw��q { n�n
îdiMqjn
î`ilk
g vwk5fOvje§n
m�qjs�n
î`i�m�i�ò�qV|di�}hmlb`m5ò�qRqjn
î`i�|Äiln
��ù«bEs�q~}h}oqQð#i�|]�Rp�n
îdi�m�ð�fon
�«î`fhedñ<WÉvwk
ûjq�g]vjeE|Äedi�÷Vnßð#i�ð�fh}h}
��q~e`m
fh|dilk'��qjn
î½i�÷dvjò�ïE}hi�mló

f�g�h ikj/lnmpo
q6rtsvu
^ßîdi>i�÷dvjò�ïE}oi�fhm'vM^FU z qjs�qjk5|dilk�n�ðÌqrvje`|½ðÕvjm'n
vwûji�eÉs�k5q~òÊn
îdi>ïEvwï�ilkßqjsÎþ	q~edô�vj}oqDw�tÓfon
vwk
ûVfhmló
� � Myx  �� %6y -³� ���+*,�  ¹y - x ���+* f %{z �Q %Ly - � ���+*,� %Ly -|Q ���+* f %}z �

(����+* f�~ � -³�(����+* f�� � -³� bVð�î`ilk
i �'� � �>fhm#n
îdi�qj�?m�ilk
gji�|×m�ilk5foi�mÌvje`| z � fhmfÍó fÍó |�ó&m�n
vje`|Evwk5|½ñ~v { m
m5fhvje�ó
^ßîdk
iliÆm
vjò�ïE}hi�m���q~eRn
vjfhe`fOedñ{Q yjy bN� yjy vje`|âú yjy ï�q~fheRn
mlbßk
i�m
ï�i���n
fhgji�}opjb�ðÌilk
i!m
fhò { }hvwn�i�|�ó 5�iln { m
i�÷Vvjò<fOedi�n
îdi�Q yjy ï�q~fheRn
m>m
vjò�ïE}hijó�^ßî`i<m�i�}os�Z¾qjk
ñ~vje`foô�fhe`ñ�ò<vwïõ|`fhò�i�e`m5foq~e]ðÕvjm>üd÷Vi�|!i�ö { vj}un�qÉ�Q÷`�
vje`| �����)(����+*,��(����+* f �MðÌilk
iMn
î`i<g vwk«fhvw�E}oi�m { m�i�|!s�qjk�n
îdiM�l}Ovjm
m
foüE�lvwn
fhq~e�ó �Ìk5q~m
m
fhedñ×n
îdi�ò<vwï¹ð�fhn
î¹v��q[q~}oi�vje�gwvwk5fhvw�?}oi'ð�î`fh�«î�|`fhm�n
fOedñ { fhm
î`i�mFð�îdiln
îdilk ���+* f fOm&vw��qQgji�qjk#��i�}oq�ð.n
î`ißn�k
i�m
îdq~}O|�g vj} { ißvj}h}oqQð�mn�qMm�ili�n
î`vwn�n
îdi��l} { m
n�ilk5m'vwk
i�îdq~ò<qjñji�edilq { m�vjeE|½i�vj�5î]qjs�n
î`i�òÊn
vwûji�m�gwvj} { i�m�fhe×q~edi�k
ilñ~fOò�ijó
_\s#n
îdi<î`foilk5vwk«�5î`fh�lvj}��l} { m
n�ilk5fhedñ×vj}oñjqjk5fon
îEò fhm	k { eYq~eÆn
îdi�n�ðÌi�eRn�pRZ¾ü`gjir�l} { m�n�ilk5mlb�n
îdi�m
ö { vwk
i�|Æilk5k
qjk
��k5fon�ilk5foq~erfhe`��k
i�vjm
i�mÓvjmÕfhe<�ufoñ { k5i � vjeE|MðÌi�ñjilnÌñjqRqV|ri�m�n
fhò<vwn�qjk5m#s�qjk#n
îdi�ïEvwk5vjò�iln�ilk«mÓqjs�n
îdi�ò�qV|di�}
ð�îdi�e½�5î`qRq~m
fOedñ<n�ðÌq<k
ilñ~fOò�i�mßvjm�m5îdq�ð�e]fhe½^Fvw�?}oiTQ[ó
8¤îdi�eÉfhe`��k
i�vjm5fhedñ�n
îdi�e { ò���ilkßqjs&ï�q~fhe§n
m�fhe½n
îdi�m5vjò�ïE}oijb`ðÌi�ð�fh}h}�vj}hm�qMfOe`��k
i�vjm�i�n
î`i�ò<vwïYm
foôli ø ðÌi
��q~e`m
fh|dilk5i�|�v���÷E�	ò<vwï�s�qjkun
îdi�� yjy m
vjò�ï?}oiÌvjeE|�v x ÷ x s�qjkun
îdißú yjy ù«óÎ^ßî`fOm�ðÕvjm&|dq~ediÕfhe�n
îdiÕï { k
ï�q~m�i
qjsÓ��q~e`m�ilk
gVfhedñ×�l} { m
n�ilk5m�î`q~ò�qjñji�edi�fon\pjb�� { n�vMñjq[qV|Y��k«fon�ilk5foq~eÉs�qjk>�«îdqRq~m5fhedñ�n
îdi�m
foôli�qjsÎn
îdi�ò<vwïÆfhm
m�n
fh}h}�n�q<��i>|dilüEedi�|�óu^�îdi>k
i�m { }hn
m'vwk
i>gjilk
p×m
fhò<fh}Ovwk�bR� { nÕð#i�p }h}�m�û[fhï�n
î`i�òÊs�qjk�ïEvwk5�lfhò�q~eRpMï { k
ï�q~m�i�mló



���������
	�	
�������������

���)� �, #"��,&�� +,� (7��5�/g-P/��!0*(#"1 #��+,����� (��m5��
	���	�+!"�+�
j5�����	  �������
�	�2�"1/

5 10 15 20

20
0

40
0

60
0

80
0

10
00

12
00

Number of clusters

M
S

E

���)� �, 7"
�!&������!5  7"124"� 7 �	� A-P 7� (7"� 7� 	 +���	  ������!
"	�2�"1/
f�g$# j i&%So l/r('�)+* r�m-,/.�0 o�1324%5)76�8:9;)=<;' mpo
q rts
5�iln { m�üEk5m�n�|dilüEedi×vje v { n�qjk
ilñjk
i�m5m
fogji]WÉvwk
ûjq�g m�ð�fhn
�5î`fhe`ñÉï`k5q[��i�m
m�ó¹_\s �'��� � �10�> fOm�n
î`i�qj�?m�ilk
gji�|
n
fhò�i�m�ilk5fhi�mlbRðÌi�ð�fh}h}?m { ï`ï�q~m�i�n
î`vwnÕfon#s�q~}h}oqQð�mÕv�}Ofhedi�vwkÕv { n�qjk
ilñjk
i�m
m5fogji�ï`k
qV��i�m
mÌqjk'qjk5|dilk " bVn
î`vwnÕð#i
î`v�gjijb�s�qjk	i�÷Vvjò�ï?}oijbEn\ð#q�k
ilñ~fhò�i�m	vje`|]n
î`vwn�n
î`i�ïEvjm
m5vwñji�s�k
q~ò q~e`i�k
ilñ~fOò�i�n�qrn
îdi�qjn
îdilk>fhm�|dk5fogji�e
�[p�vje { edqj�Em�ilk5gji�|ÄW]vwk
ûjqQgÄ�5î`vjfOe�b���D � � �10?> b`ð�î`fh�5î½îEvjmßv�n�k5vje`m5fon
foq~e×ï`k
qj�?vw�Efh}hfon\pMò<vwn�k5fo÷A@�ó
�dqjk�n�ðÌqMk
ilñ~fhò<i�mßvje`|½n\ð#qM}Ovwñ~mßqjs�n
fhò�ijb`ðÌi��lvjeÄðßk«fon�i>n
îdi�ò�qV|di�}�vjmßs�q~}h}oqQð�m�@
����MCB?DFE ø ���+*,��(����+* f ù %HG DFE z �'bIB?DFE ø ���+*,��(����+* f ùRG ��B �.(JB f �~b G DFE@G � G �.( G f �~b z �ÎfÍó f¾ó |�ó&edq~fhm�i øI{ m { vj}h}op
v<m�n
vjeE|`vwk5|×ñ~v { m
m5fhvje?ùÌvje`|K@XMML " �  "

�  ON N P fhm'n
îdi>n�k«vje`m
fon
foq~e×ïEk
qj�Evw�Efh}Ofon�pMòMvwn�k5f�÷×qjs D � ó
^ßîdi�|`vwn
v { m�i�|×îdilk5i	ðÌilk
i>m
fhò { }hvwn�i�|rð�fon
î�n
îdi�ïEvwk«vjò�iln�ilk5mÕ��i�}oq�ð ø v�ñ~}oqj�Evj}O}op<m�n
vwn
foq~e`vwk5pMï`k
qV��i�m
m
ðÕvjm��5î`q~m�i�e?ù @

z ilñ~fhò�i � z ilñ~fhò�i Q
SDF�QSR?CUTVR " Q ���+*,� ���+* f SDF�QSR?C�TWR " Q ���+*,� ���+* fg vj} { i ZvQ[ó³ú=Q y ó³� x Z y ó³ú x � ó � y ó � � y ó � Q

n¯Z¾gwvj} { i Z ��x ó � � ��� ó y~x � �[ó³ú x ú[ó|Q$� �[ó x�X �dóÐ� x
^Fvw�E}hi � @ �Ìq[iVYM�lfoi�eRn
m's�qjk�n
îdi�^�U z ò�qV|di�}



����� ���P�����
	 ��� � � � 	�
�����	������V�����,��	 � 	�
 ��� ���! � �"�$#&% �(' �)� � � �)*.�n�,+r��	-�-
\�)* '.� ��	�� � �(' � � �P�P��� � �/��� � �

�������! #"��!&�� +!� (7��5�/\-P/��!0 (7"� 7�)+!�����)(+� 5"�
	�� 	�+,"1+�
j5F� ��	  A( � 	N #"1��� 
%"10��m5� ���	��
z ilñ~fhò�i � z ilñ~fhò�i Q

SDF�QSR?CUTVR " Q ���+*,� ���+* f SDF�QSR?C�TWR " Q ���+*,� ���+* fg vj} { i y ó � y ó³újú Z y ó y~x y ó � ú y ó �jx y ó|Q$�
n¯Z¾gwvj} { i � � ó³� X � Q[ó³ú x Z � ó X � Q y ó xV� � Q[ó y � ú[ó³ú~�

^�vw�E}oiTQ&@ �Ìq[iVYM�lfoi�eRn
m's�qjkßn
îdi�n\ð#qrk
ilñ~fhò�i�WÉvwk
ûjqQgÄò�q[|`i�}
x B � ø ���+*,��(����+* f ùrM y -|Q %Ly -³� ���+*,� %Ly - � ���+* fB f ø ���+*,��(����+* f ùrM y - � %Ly - x ���+*,�  ¹y - � ���+* f b
x G �RM y - y~�G f M y - y Q vje`|K@XM L y - x y - �y -|Q y -³ú P
U�m�s�qjk½n
îdiÉïEk
ilg[fhq { mMi�÷dvjò�ïE}hijb�n
îdk
iliÆm
vjò�ï?}oi�m ø Q yjy b5� yjy b>ú yjy ï�q~fhe§n
m°ù�ðÌilk
i!��q~e`m
fh|`ilk
i�|�ó 8!i
ð�fh}h}Fq~e`}opY}hfhm�n�n
îdi�k
i�m { }on
m�s�qjk>n
îdi`� yjy m
vjò�ï?}oi�vje`|!k
i�ò<vwk5û]n
î`vwn�n
î`i�q { n�ï { n
m�s�qjk�n
îdi�qjn
îdilk�n�ðÌq
�lvjm�i�m�ð#ilk
iYgjilk
p.m
fOò<fh}hvwk�óâ^ßî`iÉfhe`fhn
fhvj}'�l} { m�n�ilk«fhedñ¹ðÕvjmMï�ilk
s�qjk5ò�i�| { m
fhe`ñ¢v X ÷ X :�q~îdq~edi�e¤ò<vwï
vje`| ��� � (�� �+*,� (�� �+* f ��vjm	gwvwk5fhvw�E}hi�mló	�ufoñ { k
iT�½m
îdqQð�m	n
î`vwn	n
îdi�òMvwïÆfOm�ðÌi�}h}Fqjk
ñ~vje`foôli�|�b�n
îdi��l} { m
n�ilk5mvwk
iÉîdq~ò<qjñji�edilq { mMvjeE|.ð�îdi�e=��k
q~m
m
fhe`ñ!ð�fon
î n
îdiÉg vwk«fhvw�E}oi½ñ~fogVfhedñÆn
îdiÉk
ilñ~fhò�ijbÕn
îdilk5i]fhm<v¢ñjqRqV|
m�ilïEvwk5vwn
foq~eÄqjs�n
î`i�ò fhe×n
îdi�fOe`fon
fhvj}��l} { m�n�ilk«mló
U�s�n�ilk
ðÕvwk5|`mlb?s�k
q~ò n
îdi�î`fhilk5vwk5�5îEfh�lvj}��l}hvjm
m5foüE�lvwn
foq~e½qjs&n
î`i�m�i��l} { m
n�ilk5mlb`ðÌi�ñjilnlb�vwñ~vjfhe�b�v<î { ñji�? { ò�ï
ð�îdi�eLïEvjm
m5fhedñÆs�k5q~ò@n�ðÌq¢�l}hvjm
m
i�m�n�q¹q~edijbÕvjm<m
îdqQð�e fhe �ufoñ { k5i]�[ó ^ßîdi½i�m�n
fhòMvwn�i�|.��qRiVYr�lfoi�e§n
mrfhe
i�vj�5î.qjs�n
îdi½n\ð#qõ�l}hvjm
m�i�m<vwk5i]m
îdqQð�e fhe ^�vw�E}oi Q ø ðÌiÄð�fh}h}Õvj}hm
q¹edqjn�i½n
î`vwn<n
îdi½n\ð#q6�l} { m�n�ilk«m�vwk
i
îdq~ò�qjñji�edilq { m�b[n
î`i�ï�q { k5��i�eRn
vwñji�qjs�i�÷VïE}hvjfOedi�|<gwvwk5fhvje`��i���i�fhedñ�}hvwk
ñjilkÌn
î`vje x Q	� fhe�i�vj�5î×qjs�n
î`i�òrù«ó

0 5 10 15 20 25 30

1
2

3
4

Number of clusters

M
S

E

���)� �, #"�
,&������!5  7"124"� 7 +	  -� #�)(#"1 #� 	�+���	� ;�H 7"�� � 
%"��m5  
��	��
f�gKf j iA9�.�r r{l/r('�)+* r�m-,/.�0 o�1324%5)76�8:9;)=<;' mpo
q rts
ÿ�qQð }oiln { mMm�ili½ð�î`vwn<î`vwïEï�i�eEm�fos�ðÌi]vj|`| v¹e`ilðÊk
ilñ~fhò�i½n�q¹n
î`i]ò�qV|di�}ÍbÎð�îEfh�5îLð�fO}h}Õò�qjk
ilq�gjilk
��i]i�÷[ïE}hq~m
fogjiÄvje`|3|dk5fogji½n
îdi]ï`k
qV��i�m
mMfheRn�q¢v¹e`q~e`m�n
vwn
foq~e`vwk5p6q~e`ijó¤^ßî`iÄs�q~}O}oq�ð�fOedñÆi�÷Vvjò�ï?}oiÄðÕvjm



���������
	�	
�������������

��q~e`m
fO|dilk
i�|/@
���9M B?D E ø ���+*,��(����+* f ù % G D E z �rb"B?D E ø ���+*,�.(����+* f ù�G �?B �.(JB f (JB��'�Rb G D E G
� G �.( G f ( G � �~b z ��fhm×fÍó fÍó |�óm�n
vje`|Evwk5|½ñ~v { m
m5fhvje½vje`|���� B � ø ���+*,��(����+* f ù�M y -|Q %Ly -³� ���+*,� %Ly - � ���+* fB f ø ���+*,��(����+* f ù�M y - � %Ly - x ���+*,�  ¹y - � ���+* fB�� ø ���+*,��(����+* f ù�M y -³� %+� -|Q ���+*,� %Ly -³� ���+* f b

���� G �RM y - y~�G f M y - y QG �RM y - y~� vje`|K@aM��� y -³ú y - � y - �y - � y -³ú y - �
y - X y -|Q y -|Q

	

^ßîdi	s�q~}h}oq�ð�fhedñ�k5i�m { }on
mÕvwk
i�s�k
q~ò v�� yjy ï�q~fheRn
mÕm
vjò�ïE}hijbRð�fhn
îrvje½fheEfon
fhvj}?úQ÷`ú�ò<vwï�órBÌpr��k5q~m
m
fhedñ�n
îdi
ò<vwïÄð�fon
î½n
îdi�k5ilñ~fhò�i>gwvwk5fhvw�E}oijbdn
î`ilk
i�fhmßv<k
i�}hvwn
fogji�}op�ñjq[q[|Ém�ilïEvwk5vwn
foq~e�b`vj}on
îdq { ñ~î]ð#i�òMv�p½edqjn
fh��i
n
î`vwnßn
î`i�ü`k5m�nÕn\ð#qrk
ilñ~fhò�i�mßm
ili�ò n�qM��q~ò�i��l}oq~m�ilkßn�qjñjiln
îdilk	ð�fon
î×k5i�m�ï�i���nßn�q<n
îdi>n
î`fhk5|×q~edijó

�������! #"��,&�� +!� (7��5�/g-P/��!0*(#"� 7��+,� ���)(+�m5"�
	���	�+,"1+�
j5F�

0 10 20 30 40

0
20

40
60

80

Number of clusters

M
S

E

���)� �, 7"�
�& �����!5  7"124"� 7 +	  �-P 7� (7"� 7� 	 + ��	� ��N 7"�� � 
%"10�� 5  
��	��
ý�ilk
ijb�v�ü`k5m�n>��q~e`�l} { m
foq~eÉð#q { }h|Y��i�n
î`vwn>n
î`ilk
i�vwk
i�s�q { k>k5ilñ~fhò�i�mló B { n�}hiln { m�n
vwûjirv½�l}oq~m�ilk�}oq[qjû
vwn	n
îdi�î`fhilk5vwk5�5îEfh�lvj}��l}hvjm5m
foüE�lvwn
foq~e�ó�X�edi�qjsÎn
î`i�s�q { k�üEeEvj}��l}hvjm
m
i�m���q~eRn
vjfhe`m�q~e`}op½q~edi��l} { m�n�ilk�bEq~edi
��i�}h}Ìqjs	n
îdi½ò<vwï�óõW]qjk
ilq�gjilk�bÌn
îEfhm���i�}h} ø n
îdi]ú n
î?ù�fhm�fhm�q~}Ovwn�i�|õs�k
q~ò*n
îdi×k
i�m
n�qjs�n
îdiÄò<vwï vje`| fon
��q~eRn
vjfhe`mßq~eE}oprs�q { kßqj�?m�ilk
gwvwn
foq~e`mlóÎ_Øsuð#i�ï`k
q�?�i���nßn
îdi�|`vwn
v<q~e]v�n\ð#qrqjk�n
îdk
ili�Z�|Efhò�i�e`m
fhq~e`vj}�m�ïEvj��ijb
n
îdi�m
vjò<i�s�q { k'qj�Em�ilk
gwvwn
foq~e`mßvwk5i>s�vwkßs�k
q~òÊn
î`i>k
i�m�nlóÓ^ßî { mlbVðÌi�ò<v�p½��q~e`�l} { |di�n
î`vwnßn
îdi�vj}hñjqjk5fon
î`ò
î`vjm�fh|di�eRn
foü`i�|×vMm
òMvj}h}��l}hvjm
m'qjsuq { n
}Ofoilk5mßvje`|Än
î`vwn�v�n
îdk5ili�k
ilñ~fhò�i�ò�q[|`i�}�ð#q { }h|×ï`k
qj�Evw�?}opM��i>n
îdi
��i�m�nß�5î`q~fh��ijó
8!i��lvje'p n���q~e§n
fhe { i�ð�fon
î]n
îdi�i�÷dvjò�ïE}oi�m���ils�qjk5i�ò<vwûVfhedñ�vjeÉfhò<ï�qjk5n
vje§n�k
i�ò<vwk
û�ó;8!i�p gji�m�ili�eYn
î`vwn
n
î`fhm	ò�iln
îdqV|Yqjs#fh|`i�e§n
fos�pVfhedñ<n
îdi�e { ò���ilk	qjsÓk5ilñjk
i�m
m
foq~eY}hfhe`i�m�ðÌqjk
ûVm>ö { fhn�i�ñjq[q[|ÆfheÉn
îdi�i�÷dvjò�ïE}oi�m
vw��q�gjijó�T[n
fO}h}Íbdfon�fhmßq~e`}op×vM|di�m
��k«foï`n
fogji�ò�iln
î`q[|Évje`|]fonßm5îdq { }h|½��i { m
i�|]�lvwk
ils { }h}opjó �Ìq~e`��ilk5eEfhedñ�n
îdi
ïEvwk5vjò<iln�ilk>i�m�n
fhò<vwn
foq~eÆvje`|Æò<vwûVfhedñ�v×|di��lfhm
foq~eYvw��q { n	n
îdi�ò�q[|`i�} ø ^�U z qjk>WÉvwk
ûjqQgÆm
ð�fon
�5îEfhedñ��~b



����� ���P�����
	 ��� � � � 	�
�����	������V�����,��	 � 	�
 ��� ���! � �"�$#&% �(' �)� � � �)*.�n�,+r��	-�-
\�)* '.� ��	�� � �(' � � �P�P��� � �/��� � �
s�qjk�fhe`m
n
vje`��iQù«bÎn
îdi×î`foilk5vwk«�5î`fh�lvj}Ì�l}hvjm
m5foüE�lvwn
foq~e6ï`k
qQg[fO|di�m�q~eE}op!n
îdi×i�m�n
fhò<vwn�qjk«m�s�qjk�n
îdi�k
ilñjk
i�m
m5foq~e
}hfhedi�mlb[v�}hfoûji�}hfhî`qRqV|�vwï`ï`k
q~vj�«î½m
îdq { }O|<��i { m
i�|�fOe`m�n�i�vj|�b[q~e`��i�ð#i	üd÷Vi�|�n
îdi	e { ò���ilk#qjs�k5ilñ~fhò�i�mló&U	m
s�qjk>n
îdi�m�i���q~eE|!ö { i�m
n
foq~e�b�edq×n
îdilqjk
iln
fh�lvj}uk5i�m { }on�fhm�v�gwvjfh}hvw�E}hi�pjilnlb�n
î`i�i���q~e`q~ò�iln�k5fh�lfhvjeEm�ï`k
ils�ilk5fhedñ
n�qM|di��lfh|di>q~eÄqjn
îdilk���k5fhn�ilk5fhv ø i���q~edq~ò<fO�wbEm�qV�lfhvj}�iln
��ù«ó

f�g�� � 9�,I65,��.o���67l/r(, s�� )
	-r��O,I6�,�

^ßîdi�k
i�m { }on
m�q~eÆn
îdi�m
fhò { }hvwn�i�|Éi�÷dvjò�ïE}oi�m	��i�fhedñri�e`��q { k5vwñ~fhe`ñdb�ð#i�|di��lfh|`i�|]n�q½k { e]n
îdi�vj}oñjqjk5fhn
î`ò
q~e½v�k5i�vj}�|Evwn
v�m
ilnlór8!i>î`v�gji��«îdq~m�i�e×n�ðÌq<�l}hvjm
m5fh�lvj}�i�÷Vvjò�ï?}oi�mlbVn
îdi�}hvjm�ilk'm�ilk5foi�mÌs�k
q~ò n
îdi�TVvjeRn
v��`i
n
fhò�i�m�ilk5foi�mÌï`k
i�|Efh��n
foq~e�vje`|rvjeEvj}op[m5fhm#��q~ò<ï�iln
fhn
foq~e×vje`|�n
îdi>c�óÐT�ó`þ�ÿ	t ø þ	k
q~m5m'ÿ�vwn
foq~eEvj}�tÓk
qV| { ��n«ù
m�ilk5foi�mlb { m�i�|½�[p�ý	vjò<fh}on�q~e×n�q�fheRn�k
q[| { ��i�n
îdi�m�ð�fon
�«î`fhedñ<WÉvwk
ûjq�gÄò<q[|di�}Omló
�dqjk�n
îdi�}hvjm�ilk�m�ilk«foi�mlb`v<î`fhñ~î`}opMedq~eE}hfhedi�vwkß|`vwn
vMm�ilnlb`n
îdi�vj}hñjqjk5fon
î`òÊm�i�}hi���n
mßn
îdk
ili��l}hvjm
m�i�mßvjm�m
îdqQð�e
fheÆ��fhñ { k
i�ú[ó�^�i�e!}Ovwñ~m�qjsÓn
fhò�i�ðÌilk
i { m�i�|Ævje`|Yn
îdi �lyjyjyjy qj�Em�ilk5g vwn
foq~eEm�ð#ilk
i�fheEfon
fhvj}h}op×�l} { m
n�ilk
i�|
�RpÄv x ÷ x ò<vwï�ó�X�e`��i�n
îdi�e { ò���ilk�qjs&k
ilñ~fhò�i�m�ðÌvjm�üd÷Vi�|�b`n
îdi�ïEvwk5vjò�iln�ilk5m�ðÌilk
i�i�m�n
fOò<vwn�i�| { m
fhedñ
n
îdi�aÌW vj}oñjqjk5fon
îEò vjmÌ|di�m
��k5fo��i�|<fOe z pVedûVfoilð�fh��ô�� ���¾ó&^ßî`i�ï`k
i�|Efh��n
foq~e�k
i�m { }on
mÓvwk5i	��q~ò�ï?vwk5vw�E}oi�ð�fon
î
n
îdq~m�i<qj�`n
vjfOedi�|Æ�Rp 8!i�foñji�e`|�� ���Óqjk z pVedûVfoilð�fh��ô�� ���ÓvjeE|!n
îdi<e { ò���ilk�qjsÕi�m�n
fhò<vwn�i�|¹ïEvwk5vjò�iln�ilk5m�fhm
m
ò<vj}h}oilk�ó&T[n
fO}h}Íb§vje�vj|`vwï`n
vwn
foq~erqjs�n
îdi	ò�iln
îdqV|M�[p�k
ilïE}Ovj�lfhedñ>n
îdi�}hfhedi�vwkÓk
ilñjk
i�m
m
fhq~e`mÓð�fon
îMedq~eE}hfhedi�vwk
q~edi�m���q { }O|×��i�ò<qjk
i�fheRn�ilk
i�m�n
fhedñ�s�qjkßn
î`fOmÕû[fheE|×qjsu|Evwn
vVó

0 20 40 60 80

0 
  e

+
00

1 
  e

+
06

2 
  e

+
06

3 
  e

+
06

4 
  e

+
06

���)� �, #"��!&���� � 5  7"124"� 7 +	  A-� #�)(#"1 #� 	�+���	� A(��,"�/�5 0*"1 r0*"1 #��"10
�Ìq~e`��ilk5e`fOedñ�n
îdi�þ�ÿ	t¹m�ilk«foi�mlbjý�vjòMfh}on�q~e'p muvwï`ï`k5q~vj�5î�ðÕvjmu�Evjm�i�|�q~e�n
îdiÕvjm
m { ò�ïEn
foq~e�n
îEvwn&n
îdiÌò<i�vje
ñjk
q�ðßn
îÆk«vwn�i�fOm	m { �y?�i���n�n�q½qV�l�lvjm
foq~e`vj}¾b�|Efhm
��k
iln�i�m
î`fhs�n
mlóN8!i<|`fhm
ï�q~m
i�qjs ����X n�k«fhò�i�m�n�k5fOvj}�qj�Em�ilk5gji�|
g vj} { i�m#qjs�n
îdi	m
ilk5foi�mlb[s�k5q~ò ��x �=Q { e§n
fh} ��x ú$�dó#^ßî`i	ò<v ÷dfhò<vj}�}hvwñ�n�q���i	��q~e`m
fh|`ilk
i�|MðÕvjm'|diln�ilk5òMfhedi�|
ð�fon
î×n
îdi�U�_ �+��k5fon�ilk5fhq~e½vje`|½ðÕvjm'üd÷Vi�|Ävwn " M � ó
^ßîdi¹|`vwn
vLðÕvjm]fheEfon
fhvj}h}op �l} { m�n�ilk
i�|+ð�fon
îâv{�w÷��=ò<vwï�vjeE|���q~e`m
fh|`ilk5fhedñ ������(����+*,�.(����+* f (����+* � �¢vjmg vwk5fOvw�E}oi�mlóu^ßîdi�m5f�÷[n�ili�eM�l} { m�n�ilk5mÓð#ilk5ißñjk
q { ï�i�|<î`fhilk5vwk5�5îEfh�lvj}h}op��Rp�n
îdi�m5ö { vwk5i�|<ilk
k
qjk#��k5fon�ilk5foq~eMvje`|
n
îdi�k
i�m { }on
m'vwk
i�|`fOm�ïE}hv�pji�|½fhe½�ufoñ { k
i x ó
U ü`k5m�nF�`k
i�vwû�vwïEï�i�vwk«m�ð�î`i�e���q~e`m5fh|dilk5fhe`ñ�m
f�÷��l}hvjm5m�i�mufhe`m�n�i�vj|�qjsEm�ilgji�e�b§� { n�n
îEfhmF�lvje���i#fOe§n�ilk
ïEk
iln�i�|
vjm���i�fhe`ñ]| { i<n�qÆn
îdirï`k
qjï�ilk
n\p!qjsßm�i�}os�Z¾qjk
ñ~vje`foô�fhe`ñÉò<vwïEm�qjsß��k
i�vwn
fhe`ñY�l} { m�n�ilk5m�m
n�k
q~edñ~}op¹îdq~ò<ilñji�Z
edilq { mló�^ßîdilk5i�fOm>v½m�i���q~e`|!�`k5i�vwû ø¯��� �<ù�ð�îdi�eYïEvjm
m
fOedñ×s�k
q~ò n\ð#qÉ�l}hvjm
m�i�m>n�q]q~edi�� { n�n
î`fhm�fhm>}hi�m
m
qj�RgVfoq { m�n
î`vjeÆfheÉï`k
ilgVfoq { m��lvjm
i�m>vje`|]n
î`i�|di��lfOm
foq~eÉn�q�ò�qV|di�}Fn
î`fhm	m�ilk5foi�m��[p]vMn\ð#qwZ¾k5ilñ~fhò�i<ò�qV|di�}
fhmßö { i�m�n
foq~e`vw�?}oi�s�k
q~ò q { kßï�q~fheRnÌqjs�gVfoilð�ó



���������
	�	
�������������

2 4 6 8 10 12

50
00

0
55

00
0

60
00

0
65

00
0

70
00

0
75

00
0

Number of clusters

M
S

E

2 4 6 8 10 12

0
2

4
6

8
10

12

Number of clusters

%
 in

cr
ea

se

���)� �, 7"��!&������!5  7"124"� 7 �	� A-P 7� (7"� 7� 	 +���	  �������2,5 (75

� � é�æ�ì6_«ë a�í5é�æ Zßæ�ê	��ë�ç�ë�è,
�
 é�è
�

8!i�p gji�fheRn�k
qV| { ��i�|�v�|di�m
��k5foïEn
fogji	ò<iln
îdq[|�n�q�vjm
m�i�m5mÕn
îdi�ï`k
i�m�i�e`��i	qjs�k5ilñ~fhò�i>�5î`vje`ñji�m'fhere`q~e`}hfhedi�vwk
n
fhò�i�m�ilk5foi�m�vje`vj}opVm
fhm�ó]U�m�n
îdilk
i×fhm�edq]n
î`ilqjk
iln
fh�lvj}Õvje`m�ðÌilk�vjeE|õedqÆm�n
vwn
fhm
n
fh�lvj}Ón�i�m
n�n�q!m�q~}ogjirn
î`fhm
ï`k
qj�?}oi�ò s�qjk�n
î`i�ò�q~ò�i�eRnlb�n
î`fhm�ò�iln
îdqV|Éò<v�pÄ��i { m
i�|�bE� { nßð�fon
îÉï`k
i��lv { n
fhq~e�ó'_ØeE|dili�|�b�m�i�}osuqjk
ñ~v Z
e`foô�fOedñ�ò<vwïEmÕ��q { }O|rò<fo÷<n
îdi�k
ilñ~fhò�i�mÕfos�n
îdi	k
ilñjk
i�m5m
foq~e×î§p[ï�ilk
ïE}hvje`i�mÓvwk
i	n�qRq��l}oq~m
i�vjeE|Mn
îdi>m
ö { vwk
i
ilk
k
qjkß��k«fon�ilk5foq~e×m�ili�ò<mÕn�q���i>m�i�e`m5fon
fogji	n�q�q { n
}hfoilk5m�óu^�î { m�bVm
ilgjilk5vj}�fhò�ï`k5q�gji�ò�i�eRn
mßm
îdq { }h|M��i�ò<vj|di
fhe�n
îdi�s { n { k
ijbd}hfoûji>}oq[qjûVfhedñ�s�qjkßv�m
òMvwk
n�ilkßfhe`fon
fOvj}?�l} { m�n�ilk5fhedñ�n
î`vwn'ðÌq { }h|×v�gjq~fh|]ò<f�÷dfhedñ�k
ilñ~fhò�i�m'fhe
n
îdi�m5vjò�i��l} { m�n�ilk�vje`|½k
ilïE}Ovj�lfhedñ�n
îdi�}hfOedi�vwkÕk
ilñjk
i�m
m�qjk«mß�[p�edq~eE}hfhedi�vwkÕs { e`��n
foq~e`m�ó

c 
���
Óè,
Óæ�ì 
6a
� � ��þ�q~edô�vj}oq7U`óobFtÓfhn
vwk5vwû[fOmTUwZ���ó ø Q yjy Q~ù«b&aÓm�n
fOò<vwn
foq~e¹vje`|¹W]qV|di�}#T[i�}oi���n
fhq~e BÕvjm�i�|¹_¯eds�ilk
i�e`��iMfhe
Tdfhedñ~}oi>vje`|ÄW { }on
foï?}oi	^Fk
i�m
î`q~}h|ÄWÄqV|di�}hm�b
� ®wÃV­°¸?ªw»u®¯·��ß²«®w¸?®w¶M¬�´I­«¦Í²�¨ b �?��G\�Õ�?��� ï�ó �V��x Z � �=Q[ó

� Q���ý	vjò<fh}hn�q~e Udó���ó ø¯��x ú x ù«b�ÿ�ilð U�ï`ï`k
q~vj�«î½n�q�n
îdi�a#��q~edq~ò<fh�>U	e`vj}opVm
fhmÌqjsuÿ�q~e`m
n
vwn
foq~e`vwk
p×^ßfhò�i
TVilk5foi�m'vje`|½n
î`iEB { m
fhedi�m5m �Õp[�l}oijb �ß²5®j¸?®w¶M¬l´I­°¦I²«ª b ���?G\����� ï�ó � �~��Z � ú$�dó

� � � :�q~îdq~edi�eÄ^>ó ø¯��xjx �jù«b�� ¬l» ·°Ï �Õ­ÍÂ§ªj¸`¦"!l¦�¸[Â$#¹ª«©E¨ bEÿ�ilð'Z��Îqjk
û�b�T[ï`k«fhedñjilk�Z&%&ilk5}Ovwñdó
� � � 5�iln�k
i�ò�p t�ó ø Q yjyjy ù«bÆÿ�qjn
fO��i |'p fhe`m
n
vj}h}hvwn
foq~e iln.|'p { n
fO}hfhm
vwn
foq~e |diâï`k5qjñjk5vjò<ò�i�m �?vjm�i�m m { k
} p vj}oñjqjk5fon
î`ò<i�|`i.:>q~îdq~edi�e½iln�|di�|`foi�mßv�} p vje`vj}opVm�i�|di�mß|dq~eEedili�mlb(' ­
¬\©�Ã`º�Ç � ªw¶<® ¨*),+-)~Ç

� ��� z p[e`û[foilð�fh��ô U`ó ø¯��xjxjx ù«b�ý�p[�`k5fO| ý�WYW/.wW 5�t WÄqV|di�}hm*s�qjk¼^ßfOò�i T[ilk5foi�m@tÓk
i�|`fh��n
foq~e�b
� �10�23254 )-67676 ' ­�®�²«¬«¬
±w¦�¸RÂj¨ bYï�ó��§�j�QZ�� X Q[ó

� X ��^Fq~edñ¹ý�ó ø¯��x �wú~ù«b�X�e vÆn�k
i�m
îdq~}O|6ò<q[|di�}¾b8' ªj´Í´�¬l­«¸:9ß¬5²5®
Â~¸`¦�´I¦Í®w¸�ªw¸?± � ¦oÂj¸?ªj» ' ­¯®�²«¬°¨«¨«¦�¸RÂ bÕi�|
��ó ý�ó �'îdi�e�bdU�òMm�n�ilk5|`vjò @ÕTVf ?
îdq
< w�ÿ�q[qjk5|`îdq
<uó

� ���48!i�fhñji�e`|=U�óÐT�óobßW]vje`ñji�vjm�W¢óob�T[k5fogwvjm�n
v�g v¹U�ó ÿ�ó ø¯��xjx �~ù«b�ÿ�q~e`}hfhedi�vwk�ñ~vwn�i�|3i�÷Vï�ilk5n
m<s�qjkMn
fhò�i
m
ilk5foi�m @]|Efhm
��q�gjilk«fhedñ!k
ilñ~fhò<i�m<vje`|.v�gjq~fh|`fhedñ¢q�gjilk
ü`n�n
fOedñdb<; ¸E´�¬�­°¸?ªj´I¦Í®w¸?ªw» � ®jÃ[­°¸?ªw»�®¯· 2 ¬�ÃV­¯ªj»
� ¿Q¨�´�¬�¶�¨ b �?�?G\��= ï�ó � � � Z �jxjx ó




