
��� �����	��

����� ����������������
���������� �!���"
�#�� $%��&�����'(�)�
*,+ ��- �.�/
	0 �1
�#��2�

3547698;:=<>3@?BA�<.6DCFE�6DG9H(354769IJ6D<LK :�GNM�O.GQPRHTSVUXW5Y�UJSZ:�GQE14\[]6
^N_a`)bdcfe)bhgdiXjlkmgan=o)gap=irq=kmgseutwvmbmxzy{j}|Fj,~�j���~�tso���e)gabd_ae)b7`�~re)b
� `�_�twc�twout/|��o)g2�)b7_�tsv��� ga��bhgwj�b7�!q=km`�c�v
� bd�!q�`�c�_s��q)b���`�c��
bdgs_ac�tN�kBt
���d�
�9��� gabd_se)bd`
� bhgwj�kz`9�

�=� �¢¡¢£F¤�¥¦¡
§.¨h©«ª¬¨®­�ª¬¨¢¯°¨¢±³²¬´µ±�¶N©¦±9´µ±�·f¸º¹�­�»µ¨f²¬¨!¼½©¦·f²¬¸«ª¬´µ¾¿©«²¬´µ¸º±�­�ª¬¨¢·f¸º±�À�´Á²¬´Â¸¦±�¨fªw¼½¸«ª�²¬Ã�¨ ÄÅ¸¦Æ�±�À�©«ª°Çz´µ±;²¬¨f¶¦ª�©¦»¦¼½¸¦ª¬¹�Æ�»Â©«²¬´µ¸¦±¸¦¼®²¬Ã�¨È²¬´µ¹�¨ÈÃ�©Fª¬¹�¸º±�´Â·9Ém¨¢»µ¹�Ã�¸º»Á²¬¾È¨¿Ê³Æ�©«²¬´µ¸º±�´µ±�Ë)ÌuÍaÎzÆ�²z¸«¼®²¬Ã�¨9¹=©«²°ª¬´ÁÏÐ¸¦¼®²¬Ã�¨9±�¨¢©«ªBÑ�¨¢»ÂÀÒ´µ±³²¬¨fª�©¦·f²¬´µ¸¦±�¯z¸«¼©ÐÓ�©¦¯Ô²9Õ7¸¦Æ�±�À�©«ª°Ç5Öh»µ¨¢¹�¨¢±³²È×�¨f²¬Ã�¸;À5Ø\¨u©«ª¬¨)·¢¸¦±�¯Ô²°ª¬Æ�·f²¬´µ±�¶=²¬Ã�¨D­�ª¬¨¢·¢¸¦±�À�´µ²¬´µ¸¦±�¨fª9Æ�¯°´Â±�¶�©«±�´Â±�·¢¸º¹�­�»µ¨f²¬¨)ÙsÚmÛ¼Ü©«·f²¬¸¦ª¬´µ¾¿©F²¬´Â¸¦±.­�ª¬¸FÝ;´ÂÀ�¨¿À5´µ±�²¬Ã�¨�Þ³ßsàmámÞ�âzã¦ä�å!æ�ç)­�©«·�è¦©¦¶¦¨uÄ³Ç@é�©º©ºÀaÍDê\Ã�´µ¯È­�ª¬¨f·¢¸º±�À�´Á²¬´µ¸º±�¨�ªÈ´µ¯
²¬¨¢¯Ô²¬¨¿À�©¦±�ÀÀ�´µ¯°·¢Æ�¯°¯°¨¿À�¼½¸«ª
ëB¨¢¯Ô²�©«ª°²¬¨¿ÀÒìÈ×�ëm¨¢¯¢ÍBê\Ã�¨9­�©¦­Å¨�ªz´µ¯mÀ�¨¿À�´Â·¢©«²¬¨¿À�²¬¸�¨fÏ;²¬¨fª¬±�©¦»w­�ª¬¸ºÄ�»µ¨¢¹�¯N¸º±�»ÁÇ³ÍNê\Ã�¨¢¯°¨D­�ª¬¸ºÄ�»µ¨¢¹�¯©«ª¬¨d¯°¸º»µÝí¨¿ÀÈÄ³Ç
²¬Ã�¨hÃ³Ç�­Å¨fª°Ûr¯°´Â±�¶ºÆ�»î©Fª�¼ï¸¦ª¬¹uÆ�»Â©«²¬´µ¸º±9¸¦¼�Õ7Æ�ª°²¬¸¦±D©¦±�ÀD×�´µ»µ»µ¨fª¿Íhê\Ã�¨h»Â©«²°²¬¨fª!ª¬¨f¯°Æ�»Á²¬¯!´µ±D©B±�¸º±�Ûr·¢¸¦¹�­�©«·f²¸º­Å¨fª�©F²¬¸¦ª¿ÍhÖ®¯°­Å¨¢·¢´Â©¦»µ»ÁÇ]´µ±�·¢¸º±«ðÔÆ�±�·f²¬´µ¸º±�ØN´Á²¬Ã=±�¸º±�Ûr¯°¹�¸³¸¦²¬Ã�¯°Æ�ª°¼½©¦·¢¨f¯7²¬Ã�¨B­�ª¬¨¢·f¸º±�À�´Á²¬´Â¸¦±�¨fªdª¬¨¿À�Æ�·¢¨¢¯h²¬Ã�¨N±;Æ�¹uÄÅ¨�ª¸¦¼w´Á²¬¨fª�©«²¬´µ¸º±�¯N±�¨¢¨¿À�¨¿À�Ä³Ç]ìÈ×�ëm¨f¯\¯°´µ¶º±�´ÁÑ�·¿©¦±³²¬»ÁÇ³ÍhÖ®Ï�©«¹�­�»µ¨¢¯7²¬Ã�©«²Q©Fª¬¨
´µ±;Ýí¨¢¯Ô²¬´µ¶í©F²¬¨¿ÀÐ©Fª¬¨È©È²¬´µª¬¨m±�¸¦´Â¯°¨z­�ª¬¸ºÄ�»µ¨¢¹©¦±�À�©u­�´Â¯Ô²¬¸¦±Ò·¢¸¦¹�­�ª¬¨¢¯°¯°¸«ª¿Í

ñ ò <�4\GQó�EôO.?z4\C«óÐ<

õ bö� � `�_acfe)bhg � `�÷��,��g � n=÷�b7jø_/��q)bhgab��ùbökm���=÷��,_ �Nú �dkz÷f÷�b7eû�=kz_�t�ü � o�`�e=kmgÅ�þý(÷�b®�
j�b7`Èt�ÿ b®t�q � e�_h~ � kzjøbd÷��
iBtwq)b�� bdp
o�÷¢kmg � gscfeZÿ,b®twq � e���� � ÿ��!i
�®|�~
	 ��� i9kz`�e twq)b
ÿ,o�÷�twc�÷�b®�Èb7÷��=kz_�t{ÿ,o�÷�twc�� � ÷�b�ÿ,b®twq � e
�³ÿ��R� ÿ���� id�h|�~�	 ��� iNkmgab o�_abde�t � � �Èbdgs� � jøb
twq)b���������� jøb7j � gÅ�ögsb��Do�c�gab7j�b7`Èt � |�t�q)b�_Åt�kz`�e=kBgwe ü ý�ÿV~ � q)bd_Åb�jøb®t�q � e�_ e�c¬�
gabd�®tw÷¬� km����g ��� cfj�kBtsb2twq)b jlkNtwgsc �Dú �
b7� t � g ú ��g � e�o�� t! #"ZnD�

 $" % �'&)(* �+-,/.102(  
34.501�6" % ��&7(8 �+9,�.10'�6";: <=34.10-�>"?� � � �
��c¬twq k _a�]kBgw_Åb}jlkBtsgsc �  #+9,/.50�~ � q�c�_�jlkBtsgsc � cf_��dkz÷f�ho�÷¢kNtwbdeþe�c�gabd�®tw÷��þkz`�e _�t � gab7e
o�_ac�`)p,_�t�kz`�e=kmgse _Å�]kmgs_ÅböjlkBtsgsc � twbd�!q�`�c@��o)bd_h~ � q)bö�
b7� t � gA<=34.50�c�_�bh�mkz÷�o=kBtsb7e e�c¬�
gabd�®tw÷¬�Z��c�twq � outCB]÷�÷fc�`)p twq)b}e)b7`�_Åb�jlkBtsgsc �  34.10 ~ � t�cf_ km����g ��� c�jlkBtsbde,b7c¬t�q)bhg�n9�
outwc�÷fc@Ddcf`)p�twq)b��=kz_�t�� � o)gsc�bhg � gwkz`�_Å| � gwj�kBtwc � ` � g2klÿ,o�÷�twc�� � ÷�b ý � �]km`�_sc � `�~
� � _ao)����gab7_a_{twq)b _Å�=o)gsc � o�_�|Fgsb��Do)b7`��hc�bd_hiÐ��b}kmgab o�_ac�`)p twq)bøü o)gat � `FEzÿZc�÷f÷�bhg�km�u�
��g � km�!qG	IH � ��c�twq�k�� � o)�=÷�cf`)p2�]kmgwkzjøb®tsbdgKJL%NMPORQÐ~ � q)bùqÈ����bhgÅ�;_sc�`)pÈo�÷¢kBg � �ÐbdgwkBt � g
kB����b7kmgscf`)pZc�`Vtwq�cf_�km����g � kz��q cf_�` � t km`9� j � gabø� � jø�]km�®t7~ � q�cf_�cf_ � `)b � | twq)b

S



gab7kz_ � `�_���qÈ� c�tsbdgwkBtwc¬�Èb�_ � ÷¬�Èbdgs_ e � ` � t�� � `9�
bdgap
b{�ùbd÷f÷ � g b®�Èbd` |¦kzcf÷Òt � � � `È�Èbdgap
b
kNt�kz÷f÷º~
� q�c�_(�]km��bhg cf_ � gspÈkz`�c@Dhb7e�kz_ | � ÷f÷ � ��_d~ � `øtwq)b�`)b � t�_Åb7� twc � `�i
��b�e)bTB]`)b/t�q)b2��g � nu�
÷�b7j �ùbøkBgsb}c�`9tsbhgsbd_�tsb7eþt � _ � ÷��Èbz~VUDb7� twc � `ût�q)gabhb}e)b\kz÷�_{��c�twq twq)b}� � `�_Åtsgso�� t�c � `
� | k _so�c¬t�kmn=÷�b���gsbd� � `�e�c�twc � `)bdgd~ � q�c�_{��gab7� � `�e�c¬t�c � `)bhg2cf_�twq)bd` km���=÷�c�bdeZt � k `�o��
j�bdgscf�dkz÷�b � kzjø�=÷�b{cf`,_Åbd�®twc � ` twq)gabdbz~

W X GQó�MZYF6\[
� q)b jlkzc�` p � kz÷ � | � o)gö� � gav cf_�c�töt � o�_Åb]B]`�c�tsb b7÷�b7jøbd`Ètö_ao)gs|¦kz�®b,j�b7_aq)bd_ � |
k _Åtsgso�� t�o)gab kz`�e twq)b ` � e=km÷�gabd_so�÷¬tw_ � |�kz` �ôý�ÿ �;_sc�jöo�÷¢kBtwc � ` e�c�gab7� tw÷��V| � g�twq)b
�dkz÷��do�÷fkBtwc � ` � |Rgwkze�cfkBtsb7e � g�_a�dkBtatwbhgab7el_ � o�`�e^B=bd÷fe � |R_so���q kz` � n`_�b7� tùo�_acf`)p�twq)b
ü � o�`�e=kmgÅ� ý(÷�bdjøbd`9tøÿ b®t�q � e cf` twq)b |Fgsb��Do)b7`�� � e � jlkzcf`�~La2b7`��®b
iJ�ùb ÷fc�vzb t �
_ � ÷¬�Èb�twq)b n � o�`�e=kmgÅ� c�`9tsbhp
gwkz÷�gabh��gsbd_Åb7`Èt�kBtwc � ` � |Rt�q)b7a2b7÷�j�q � ÷�t-D�b��Do=kBtwc � `

b �>c`�d: efQ?�/gdh-c`� b �/g?�ji\k % lm�>c`� � � �
� g7i)b���o�c¬�mkz÷�bd`Èt�÷¬�Èi �onp(pqr� b % l ��Hs�
��c¬twq	k pÈc��
b7` gsc�pÈqÈt�q=km`�e	_acfe)btl gabh��gab7_Åbd`9twcf`)pV_ao)ga|¦kz�®bþ÷ � kze�_h~ � � _ao)����gsbd_a_
twq)b _Å�=o)gwc � o�_ |Fgsb��Do)b7`��hc�bd_���b kmgab o�_sc�`)p twq)bþü o)gÅt � `FE
ÿZc�÷f÷�bdg�km����g � kz�!q�~ � q)b
kB����b7kmgscf`)p q9����bhg���_acf`)pÈo�÷fkmg � �ÐbdgwkBt � g�cf_ökû` � `���� � jø�]kz� t � �ÐbdgwkBt � gd~ � qDo�_�twq)b
bdc�pzb7`È�mkz÷fo)bd_ � |
q kBgsb ` � t}�h÷fo�_�tsbhgsbde�~ � q�cf_�gabd_ao�÷�tw_�cf` twq)b |¦kz� t�twq=kBtö| � g�twq)b
bdc�pzb7`È�mkz÷fo)b{e�cf_�tsgsc�n=outwc � ` � |Rtwq)b�jlkNtwgsc � gabh��gab7_Åbd`9twcf`)p�t�q)b�e�cf_a�hgab®twc@D7kBtwc � ` � |Rtwq)b
c�`9tsbhp
gwkz÷ � ��bhgwkBt � g�c�tsbdgwkBtwc¬�Èb{_ � ÷¬�Èbhgw_ ÷�c�v
b � ÿ�� b7_/kBgsb�` � tù�ùbd÷f÷Ò_ao�c�tsbdeL�¦_Åbhbu	wv � �!~
��o)gÅtwq)bdgdi �ùb | � o�`�e twq=kBt twq)b c�tsbhg�kNt�c¬�Èbl_ � ÷¬�Èbdgs_ökmgab _Åb7`�_ac¬t�c¬�Èblt � ` � `���_aj �D� twq
_ao)ga|¦kz�®b7_h~ ü out���q)bd` o�_acf`)pxB]`�c�tsb bd÷�bdjøbd`9t}_ao)ga|¦kz�®b,jøbd_aq)b7_ ��b q=k7�Èb,÷ � tw_ � |
bde)p
bd_�kz`�e �ÈbhgÅt�c��hbd_ � ` twq)b�_ao)ga|ºkm�hbz~ õ q=kBt�jlk7� �7kmo�_ab�k}|«o)gÅtwq)bdg�gsbde�o�� t�c � ` � |
twq)b � � `È�Èbhgspzb7`��®bJgwkBtsb � |)c�tsbhgwkBtwc��Èb _ � ÷��Èbhgd~ � �2� �Èbdgs� � jøb�twq)b7_Åb ��g � n=÷�b7j�_@kmgsc�_sc�`)p
��c¬twq t�q)bþü o)gÅt � `FE
ÿ,cf÷�÷�bhg km����g � kz��q�i t�q)b,km���=÷fc��7kNt�c � ` � |2twq)b,�]km_Åt ü � o�`�e=kmgÅ�
ý(÷�b7j�b7`Èt�ÿ bhtwq � e�_di�km`�e t�q)b�|¦kz�®t�twq=kBt twq)b�_so)ga|¦kz�®brk"cf_ ` � t�_aj ��� t�qþ��b}��cf÷�÷
kB���=÷�� k�_ao�c¬t!kBn=÷�b���gabd� � `�e�c¬twc � `)bhg�e)bd_a�hgsc�n�bde,cf` t�q)b | � ÷�÷ � ��cf`)p _Åbd�®twc � `�~

�



y z ó�<|{®4\GNO.?z4\C«óÐ<Ló]8/4\A.6�}.GQ6D?ÈóÐ<.EôC¢4QCFó�<.69G
� ` twq)b | � ÷�÷ � ��cf`)p�i��ùb � kz`9tþt � � � `�_Åtsgso�� t kL��gab7� � `�e�c¬t�c � `)bhgZ| � gûtwq)b~�¦` � `��
_��uj�jøb®tsgwc��=�øe)bd`�_Åb%÷�cf`)b7kmg,_��u_�twbdj �'&�(  2� b % �û��q�c��!q>kmgsc�_ab |Fg � j twq)b
e�c�_a�hgab®t�c�D\kNt�c � ` � |�k%qÈ�u�Ðbdg���_ac�`)pÈo�÷¢kmgøcf`Ètsbdp
gwkz÷ � ��bhg�kNt � g7~ � q�o�_��ùbþ��c�÷f÷2_ � ÷��
b
twq)b���gabd� � `�e�c�twc � `)bde,_��u_Åtsbdj ��&�(� 2�9� � S c % � kz`�e b % � � S cÐ~ � � jlkmv
b
� ÿ��/bd_ø�Ðbdga| � gsj�cf`)p j � gab bT�l�hc�bd`9tw÷��
iJ��b �/km`9t}twq)b � �ÐbdgwkBt � g��onN(�qu�6� � S
t � nÐbl� � jø�]kz� t\~ ��o)gÅtwq)bdgdiôk,_ao�c�t�kmn=÷�b���gab7� � `�e�c�twc � `)bdg�� _aq � o�÷feV� � _s_Åbd_a_�twq)b
| � ÷�÷ � ��cf`)p���g � ��bhgatwc�b7_��
�ø� `�÷��ltwq)b�bd`9tsgsc�bd_ � || +9,�.10 kmgab `)bhb7e)bde | � g/c¬t�_�� � `�_�tsgso��®twc � `
� _Å�]kmgs_ab�gabh��gab7_Åbd`9t�kBtwc � ` � |m� � S �1�]������b7`Ètsgwc�b7_��
� �onp(pqu�6� � S cf_/� � jø�]km�®t7~
� q)bhgabùb � cf_�tô�mkmgsc � o�_1� k7�)_ � |=��gab7� � `�e�c¬t�c � `�cf`)p2| � gTe)bd`�_ab�÷fc�`)b\kmgô_��u_�twbdj�_ôkmgsc�_sc�`)p
|Fg � j twq)b ü � o�`�e=kmgÅ�Vý(÷�bdjøbd`9töÿ bhtwq � e��¦_Åbdbl| � g�b � kzjø�=÷�b�	4� � �!~ � q)b jøb®t�q � e
c�e)b\km÷�jlkNt���q�cf`)p � o)glgab���o�c�gsbdjøbd`9tw_�kzj � `)p twq)bdj c�_ltwq)bx����bhg�kNt � gGUD�=÷fc¬tat�c�`)p� gabd� � `�e�c�twc � `)bhg��1�2U � �!~ � t��r_ � � `�_Åtsgso�� t�c � `öcf_(n]kz_Åbde � `�twq)b2|¦kz� t(twq=kBt(twq)b/��g � e��
o�� t � |ôk}� � jø�]kz� t � �ÐbdgwkBt � g ��c�twq,kön � o�`�e)bde � �ÐbdgwkBt � g�cf_/� � jø�]kz� t7~ � qDo�_�twq)b
� ��bhg�kNt � g ��np(*qu�6� � S % ��np(�q +-,/.10 (*q 34.10 �6� � S �>v��
c�_/� � jø�]kz� t7�«�=÷fo�_ kz`,cfe)bd`Èt�c¬t���� c�|1�ùb���q � _Åb

� %�n ( q +9,�.10 ���R�
km_#q 34.10 c�_{kz÷�gab\kzeu� � � jø�]kz� t/nÐb7�dkzo�_Åb�c¬t�c�_�km`ûc�`9tsbhp
gwkz÷ � ��bhgwkBt � g ��c�twqZkm`û� � `��
twc�`�o � o�_ùv
bdgs`)bd÷í~
� q�c�_ô�!q � cf�®b � |�t�q)bù��gab7� � `�e�c�twc � `)bdg1_skBtwcf_�B=b7_Tkz÷�÷Dtwq)bù�hgsc�tsbhgsc¢k � |]_so�c¬t�kmn=÷�b ��gab7� � `��
e�c¬twc � `�| � g � o)gR��g � n=÷�b7j�_@c�|D��b(o�_ab�k/_Å�]kmgs_Åb(gabd��gabd_Åb7`Èt�kBtwc � ` � |Dtwq)b cf`È�Èbhgw_Åb � |�� ~
� � g twq�c�_�t!km_av _ � j�b�vuc�`�e � |�c�`�� � j��=÷�b®twbA�1� ��e)b7� � jø� � _ac�twc � ` _Åbhb7jø_ùt � n�b��ùb7÷�÷
_ao�c¬twbde�~ � `þe)bht�kzc�÷íi)��b�km���=÷�� twq)b�g � outwcf`)bd_ ��g � �)c�e)b7e,c�` twq)b �����$������� � ¡Z¢Z£
�]km��vBkmp
b�nD�tUukzkze�i5`=kzjøbd÷��
i=�ùbökmgab o�_acf`)p k � � jø�=÷�b � �
bdgs_ac � ` � | twq)b^¤�¥§¦�¨��/©jh b �
g � outwc�`)br	 �ª� ~ õ c�twq twq)b��]kmgwkzjøb®twbhg«© twq)b�j�cf`�c�jlkz÷Ðgabd÷¢kBtwc¬�Èb�_ac@Dhb � |Tkz` bd`9tsgÅ� cf`
twq)bl|¦kz� t � gs_�� kz`�e � cf_���gabd_s�®gsc�nÐb7e�~ � q)bl_Åbd� � `�e �]kmgwkzjøb®tsbdg b � � `9tsg � ÷f_�twq)b
j�k � c�jöo�j `�o�j nÐbdg � |?B]÷�÷ ú c�`øb7÷�b7j�b7`Ètw_J��bhgùg � ��~¬a�bd`��hbziD�ùb{�dkz`���gab7_a�®gsc�n�b2twq)b
j�b7j � ga� gab���o�c�gab7jøbd`Èt/��c�twq,t�q)b��]kmgwkzjøb®tsbdg b ��q)bhgsb7kz_/twq)b�twq)gsbd_aq � ÷fe,�]kBg�kmj}�
b®tsbdg�© �7km`,cf`j­]o)bd`��hb�twq)b�twcfjøb�| � g twq)b��dkz÷f�ho�÷¢kBtwc � ` � |1twq)b�e)b7� � jø� � _ac�twc � ` kz`�e

®



c¬tw_ùkB���=÷fcf�dkBtwc � `øcf`�twq)b�c�tsbdgwkBtwc¬�Èb2_ � ÷foutwc � `�~ õ b�÷fc�vzb�t � bdjø�=q=kz_ac@Dhb�kBt twq�cf_ � � c�`9t
twq=kBt/twq)b twcfjøb�| � g/b®�mkz÷fo=kNt�c�`)p�k�jlkBtsgsc �9ú �Èbd�®t � g ú ��g � e�o��®t n9� t�q)b��=kz_�t�ü � o�`�e��
kBga� ý(÷�bdjøbd`9t ÿ bhtwq � e�_Jcf_ e � j�c�`=kBtsb7e�n9�ö�dkz÷f�ho�÷¢kNt�c�`)pC<=34.509�>"?� ~ � q)b�twc�jøbù| � gôtwq)b
b®�mkz÷�o=kBtwc � ` � |¯ #+9,/.50>" kz`�eþ| � g�_ � ÷¬�)c�`)p�°�±#"²% ³ cf_�`)bhpÈ÷fc�pÈc�n=÷�b�_ac�`��hb�twq)bd_Åb}kmgab
_Å�]kmgs_Åb�jlkBtsgsc ��� ��bhgwkBtwc � `�_h~

´ µ OZ[V6DGNCF?È:�Yù6R¶R:�[�}ZY«6s{
õ b�e)bTB]`)b2twq)b2gab7_ac�e�o=kz÷ � |Òtwq)b�c�tsbdgwkBtwc¬�Èb�_ � ÷�outwc � `�kBt twq)b2`��³twq�c�tsbhgwkBtwc � `ö_�tsbd� km_

·¸·o�'&7(* 2�9� � S cª¹$(��R·¸·
·¸·º�R·¸· % »�¹ ¼ � � �

� q)b2c¬tsbdgwkBtwc � `ö��g � �hbd_a_(cf_Ttwbhgsj�cf`=kNtwbde c�|½»�¹¿¾ �h� �sÀ c�_(_skBtwcf_�B=b7e�~ � q)b2`Do�jøbdgsc��7kz÷

0

200

400

600

800

1000

1200

1400

200 400 600 800 1000
1

2

3

4

5

6

7

8

N
um

be
r 

of
 m

at
ri

x-
ve

ct
or

 p
ro

du
ct

s

Á
R

ed
uc

tio
n 

of
 n

um
be

r 
of

 it
er

at
io

ns

Â

Frequency [Hz]

continuous topology
discontinuous topology
continuous topology, ilu50
discontinuous topology, ilu50
reduction of number of iterations

Ã�ÄºÅ5Æ 0@, S5Ç�È ,�É9.1+¬Ê Ä 0@,½+9Ë ÄºÌ ,F.5+-.1ÍºÎ Ì�ÄwÌ>Ï�Ð Ë6Ñ�Ò-.10 ÄºÌ Ë5+ZË53 Ð Ë6+�Ó5,>0 Å ,/+ Ð , Ä +mÊ@,>0¸Ñ Ì Ë53ª3Ô0¸,/Õ Æ ,>+ Ð Î|Ö Ä Ê¸×¯.5+-ÉZÖ Ä Ê@×9Ë Æ ÊÒ90@, Ð Ë6+-É Ä Ê Ä Ë5+ Ä + Å 3ÔË50 Ä Ê@,/0¸.1Ê Ä Ó5, Ì Ë6ÍØÓ6,>0sÙ`ÚÜÛÝ, Ì
b � kzjø�=÷�b�cf_�twq)b j � e)bd÷ � |�k �dkmgö_�t�kz`�e�cf`)p � ` kþgsc�pÈc�e%p
g � o�`�e�~ � � � _ao)ga|¦kz�®b
j�b7_aq)bd_���bhgab k7�mkzcf÷fkmn=÷�b �{k jøbd_aqV��c¬twq � � `9twc�`�o � o�_�b7÷�b7j�b7`Èt�t � � � ÷ � pz� q=k7�ucf`)p
Þ v �z�
�
� bd÷�bdjøb7`Ètw_�kz`�e kljøbd_aqþ��c¬t�qûe�cf_a� � `Èt�c�`�o � o�_/t � � � ÷ � pz� ��c¬twq Þ � � �z�
�
bd÷�bdjøbd`9tw_h~ õ bö| � o�`�eZt�q=kNt{twq)bö`�o�j nÐbdg � |(c¬tsbdgwkBtwc � `�_�`)bhbde)b7eûnD�Ztwq)b � ÿ�� bd_
pzg � ��_ögwkm�=cfe�÷¬� ��c�twq cf`��®gab\kz_ac�`)p |«gab���o)bd`�� �È~ � � ��i ��bþkmcfj � ` gab7e�o��hcf`)p twq)b
� � _�tw÷�� �]kmgÅt � |�t�q)b�_ � ÷foutwc � ` ��g � �®b7_a_hi�cº~rbz~ twq)b�c�tsbdgwkBtwc¬�Èb _ � ÷foutwc � `�i=n9�þkm���=÷¬�)c�`)p
twq)bß¤�¥§¦�¨��/©jh b �J��gab7� � `�e�c�twc � `)bdgd~
õ b,o�_ab,k�B]÷f÷ ú cf` �]kmgwkzj�bhtsbhg � | b % � � ~ õ c�twq twq�cf_}�!q � cf�®b t�q)b � � _Åt � |2twq)b
��gabd� � `�e�c�twc � `)bhg cf` tsbhgwjø_ � |�jøbdj � gÅ�þgab���o�c�gsbdjøbd`9t�c�_�kB����g ��� cfjlkNtwbd÷�� � �Rà � |
twq)b t � t�kz÷�jøbdj � gÅ� cf` o�_Åb�kBt q�c�pÈq)b7_�t�|Fgab���o)bd`��®��� Þ � Hs� ÿ,n½�!~ � ` ��c�p=~ � twq)b
gabde�o��®twc � ` � | `Do�j n�bhg � |�c�tsbdgwkBtwc � `�_{`)bhb7e)bde n9� twq)b � ÿ�� b7_�_ � ÷��Èbhg cf_ _aq � ��`�~

á



� q)b `�o�j nÐbdg � |�c�tsbhg�kNt�c � `�_ cf_}j � gabltwq)b7` q=kz÷¬�Èb7e � �Èbhg twq)b,b7`Ètwc�gab |«gab���o)bd`�� �
gwkz`)pzb
~ � q)bøb � ��bd`�e�c�two)gab � |���gab7� � `�e�c¬t�c � `)bhg �7kz÷��do�÷fkBtwc � ` kz`�eVc�tw_�km���=÷fc��7kBtwc � `
c�` twq)b�c¬tsbdgwkBtwc��
b�_ � ÷�outwc � `���g � �hbd_a_�cf_ù`)bdp
÷fc�p
c�n=÷�bz~mU � i�twq)b{t � t�kz÷�_ � ÷�outwc � `øtwcfj�b{c�_
km÷f_ � q=km÷��Èbde�~
� `ûtwq)böo�`)��gabd� � `�e�c¬twc � `)bde �Èbhgw_ac � `�iÐtwq)b ÷¢kmgap
bhg�j � e)bd÷ � | � � `9twcf`Do � o�_ t � � � ÷ � pz���HRâÝ� �9� bd÷�bdjøb7`Ètw_��1gab���o�c�gab7_Jkmn � out«� � t � �d�z� c¬tsbdgwkBtwc � `�_Tj � gabùtwq=kz` t�q)b2_ajlkm÷f÷�bhg
j � e)bd÷ � |�e�cf_a� � `9twcf`Do � o�_�t � � � ÷ � pz�ã� � �åä �h� bd÷�bdjøbd`9tw_��!~ � |2��gab7� � `�e�c¬t�c � `�cf`)pûc�_
kB���=÷fc�bde"�ùb � n=_abhgÅ�Èb q=kmgse�÷��	kz`È�Le�coæÒbhgsbd`��®b7_ cf` � � `È�Èbhgspzb7`��®bþn�b®t��ùbdbd`	n � t�q
e�c�_a�hgab®t�c�D\kNt�c � `�_h~
ç � `��hbhgs`�cf`)p�twq�cf_ twc�gsb ` � cf_Åb b � kmjø�=÷�bzim��b �7kz`�_ao�j�jlkmgsc@Dhb twq=kBt(�Ðbdga| � gsjlkz`��®b � |
� ÿ��/bd_�cf_ gsbdjlkmgavBkmn=÷¬�ûkèæ�b7� tsb7e n9� twq)b�¤�¥§¦�¨��/©`h b �2��gabd� � `�e�c¬twc � `)bhgd~rUD�Ðbdbde�o)�=_
nÐbht���bhbd`�t�� � km`�eVB��Èb�� � jø�]kmgab7e t � o�`)��gabd� � `�e�c¬twc � `)bde�_ � ÷�outwc � `økmgab�gabh� � gÅtsbde�~

é z ó�<.?sY«O|{\CFó�<
� q)b � `�� � jø�=÷�b®tsb��1� ú � bd� � j�� � _ac�twc � ` � |{twq)bûjlkBtsgsc � gabh��gab7_Åbd`9twcf`)p twq)b `)b\kmgB=bd÷fe cf`Ètwbhgwkz� t�c � `�_ � |�k �=kz_�t�ü � o�`�e=kmgÅ� ý(÷�bdjøb7`Èt ÿ,b®twq � e c�_���bd÷f÷�_ao�c�tsbde kz_ k
��gabd� � `�e�c�twc � `)bhg2| � g{b � tsbhgsc � g{kz� � o�_�t�c�����g � n=÷�b7j�_h~ � t _ac�p
`�c�B]�dkz`9tw÷¬� gabde�o��hbd_�twq)b
`Do�j n�bhg � |=c¬tsbdgwkBtwc � `�_R`)bhb7e)bde�n9� t�q)b c¬tsbdgwkBtwc��
b(_ � ÷��
bdgs_.c�`9�Èbd_�twc�p9kBtsbde�~ � q)b b � tsgwk
twc�jøb | � gT�7kz÷��do�÷fkBtwc � `�kz`�eökm���=÷�cf�dkBtwc � ` � |�twq)bù��gabd� � `�e�c�twc � `)bhg�c�_T`)bhpÈ÷�c�pÈc�n=÷�b _acf`��®b
twq)b�twcfjøb�| � g b®�mkz÷fo=kBtwc � ` � |Z $"þc�_/e � j�cf`=kNtwbdelnD� twq)b�b®�mkz÷fo=kBtwc � ` � ||< 34.10 �>"ê�!~
ý(_Å�Ðb7�hc¢kz÷�÷��%| � g���g � n=÷�b7jø_���c�twq q�c�pÈq�÷¬� ` � `��;_sj ��� twq _ao)ga|¦kz�®b7_ twq)bZo�_skmp
b � |�k
��gabd� � `�e�c�twc � `)bhg@cf_@b7_a_Åb7`Ètwc¢kz÷9km_|� b7_�t�kmgÅtsb7e � ÿ�� bd_.e � ` � t�� � `È�Èbdgap
b(kBtôkm÷f÷Ècf`�twq)b
o�`)��gabd� � `�e�c�twc � `)bde �7km_abd_h~���o�÷f÷ � ÿ�� b7_1� � `È�Èbhgap
b7_R_a÷ � ��÷��{c�|�` � ��gabd� � `�e�c¬twc � `�c�`)p
c�_2km���=÷fc�b7e�~
� q)b ��gab7� � `�e�c�twc � `)b7e � ÿ�� b7_@��bhga| � gwj�b7e2t�q)bTn�bd_�t.c�`�t�q)bJ÷ � � �)t � jøcfe��;|Fgab��Do)bd`��®�
gwkz`)pzb�kz_2÷ � `)p kz_�` ��� g � `�÷¬�Zkø|Fb®� gsbd_�t�kmgÅt�_ � �h�do)gd~ � qDo�_diÐkøp �D� e,n]kz÷fkz`��®b � |
twq)b�jøbdj � gÅ�øe�cf_�tsgwc�n=outwc � `ln�b®t��ùbhb7` twq)b���gabd� � `�e�c¬twc � `)bhg/kz`�e twq)b�n]km_sc�_ | � g�twq)bë gÅ�u÷ � �¿UD�]kz�hb�jöo�_ÅtTnÐb�| � o�`�e�~ � ` p
bd`)bdgwkz÷ºi
k��mkz÷�o)b � | b % �d� ¼�¼�¼ �m� | � g�twq)b�B]÷�÷¬�
c�` �]kBg�kmjøbhtsbhg ÷�b7kze�_ t � twq)b�j � _Åt�bT�l�hc�bd`9tùgab7_ao�÷¬t�_h~¬�����]kmgabd`9tw÷��
i9twq)b���gsbd_Åb7`Ètsb7e
��gabd� � `�e�c�twc � `)bhglgab��Do�c�gabd_ kze�e�c�twc � `=kz÷2jøb7j � gÅ�È~ a � ��b®�Èbhg7i/k _acf`)p
÷�b c�tsbdgwkBtwc � `
_�tsbh�lc�tw_Åb7÷�|5cf_J�
bdgÅ�}� � _�t�÷¬�È~ � q)bhgabd| � gabziDk gab7e�o�� twc � ` � |�twq)b�`�o�j nÐbdg � |�c�tsbhg�kNt�c � `�_
c�_ � |¿tsb7` j � gab�c�`9tsbhgsbd_�twcf`)p twq=kz` twq)b�p9kzc�` � |._ � jøb � � jø�=outsbdgùjøbdj � gÅ�È~

ì



í ?N[@<.ó�îuY«69E�P]6�[V6D<�4
� t�cf_�kz��v�` � ��÷�bde)p
b7eltwq=kBt2twq)b�� � jø�=out�kBtwc � `l� kz_/gso�` � ` twq)bïU � � ��gsc�p
cf` �m�z�
�
kNt twq)bLðÒbd`9tsgso�j |w�o)g�a � �!q�÷�b7c�_Åtwo�`)pÈ_Ågabd�!q�`)b7` � |�twq)b � b7��q�`�cf_a�!q)b ��`�c��Èbhgs_ac�tN�kBt
� gsbd_ae)b7`�~

ñ 698;69GQ6D<.?È6\{
	 �ò� ��~2ü bd_Å�]kz÷ � �Ò~ �{`Lt�q)b o�_skmp
b � |�k gabhpÈo�÷¢kBglp
gscfe	| � g cfj��=÷�bdjøb7`Èt�kBtwc � ` � |
n � o�`�e=kmgÅ� cf`Ètwbhp
gwkz÷5jøb®twq � e�_ | � g/� k7�Èb ��g � n=÷�bdj�_h~���¦jóôó�¢mõ�¢Zö$¦j÷^øòù�¢ú��û�üR¥�¢ý üR¨ÿþ`¢ ý���� ø�¥>¥§¤ÿû��mi � �`� � �ò�Ôv � â ú vsäRä)i �m�z�
� ~

	 �=� ÿ ~ ��~ � �)o)gab kz`�e ÿ ~G��~�U9t!km÷@Dhbdgd~ � ��gab7_a�®gsc��)twc � ` | � g	twq)b ÿZo�÷¬twc¬�
÷�bh�
b7÷!a2b7÷�j�q � ÷�t-D�� ÿ ÿ ~x������� 	 � ÷�
F¦�¨'üèû�¤ � û�üR¥|�
�ò¤1ø�û
��ø�� � û��ª¤>û?øôøòù�¤ÿû��mi
�`�'HÝ�ò�§HRâ ú v���i � âRâRä)~

	IH � ��~���~ ü o)gÅt � ` kz`�e � ~J� ~ ÿ,cf÷f÷�bdgd~ � q)b,km���=÷�cf�dkBtwc � ` � |�cf`Ètsbdp
gwkz÷ b���o=kNt�c � `
j�bhtwq � e�_ t � twq)b%`Do�jøbhgscf�dkz÷�_ � ÷foutwc � ` � |ö_ � jøbVb � tsbhgsc � g n � o�`�e=kmgÅ�9�³�mkz÷�o)b
��g � n=÷�b7jø_d~ �fù � ��øôø � ¤ÿû��èó ��� ¨>þ`ø]� ��� üR¥�� � �ò¤1ø�¨ ��������� û ��� ûÐi H � H`� �m�=� ú �z�m� i
� â�� � ~

	ºv � ë ~�ü o)gagwkmp
b�kz`�e���~]ýJgsq)b7÷º~«�{` t�q)b���bhga| � gsjlkz`��®b � |.�mkmgsc � o�_2kze=km�)twc��
b���gab®�
� � `�e�c¬t�c � `)bde � ÿ��2ý«U _�tsg�kNtwbhpÈc�b7_h~ ö$¦j÷^øòù�¤���üR¥ú¥§¤ÿû?øôüèù�üR¥ �sø�!òù9ü#"m¤�¨>þ�ü$
�
?¥§¤��ôü&%
¨ÿ¤ � û�ó�i½�`� � �ò� �d�=� ú �\�)� i�E � â âRä)~

	4� � ë ~ ç q)b7`�~u�{`Vk �d÷fkz_a_ � | ��gab7� � `�e�c�twc � `�cf`)p jøb®twq � e�_{| � g e)bd`�_Åbø÷�cf`)b7kmg�_��u_��
tsbdj�_J|Fg � j n � o�`�e=kBga�}bd÷�bdjøbd`9tw_h~|����� ý õ � ¦�ù�û�üR¥ � û]�
�ò¤1ø�û�¨ÿ¤ '(�)	 � ÷�
F¦�¨>¤ÿû��Bi
�B� � � ��� � äåv ú � âRä)i�ÿZkmgs�!q � âRâRâ)~

	 �è�+* ~�Uuk
kze�~ � �1� � �uk�e�o=kz÷]t�q)gabd_aq � ÷felc�`�� � j��=÷�b®twbC°�± |¦kz�®t � gsc�D\kBtwc � `�~|öC¦�÷ ø�ù,%
¤��ôüR¥ú¥§¤ÿû?øôüèù�üR¥ �sø-!òù-ü."¯¤�¨>þ�ü$
�
?¥§¤���üR¨ÿ¤ � û�ó�i � �>v���� HRä�� ú v �9� i � âRâåv=~

À


