
Proceedings of DSL'99: The 2nd Conference on Domain-Specific Languages
Austin, Texas, USA, October 3–6, 1999

A  C A S E  F O R  S O U R C E - L E V E L 
T R A N S F O R M A T I O N S  I N  M A T L A B 

Vijay Menon and Keshav Pingali

THE ADVANCED COMPUTING SYSTEMS ASSOCIATION

© 1999 by The USENIX Association All Rights Reserved For more information about the USENIX Association:
Phone: 1 510 528 8649 FAX: 1 510 548 5738 Email: office@usenix.org WWW: http://www.usenix.org

Rights to individual papers remain with the author or the author's employer.

 Permission is granted for noncommercial reproduction of the work for educational or research purposes.
This copyright notice must be included in the reproduced paper. USENIX acknowledges all trademarks herein.



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

021 3547698;:=< >?<
@�ACB�DFE5GCHIA!JKG�LNMPOLFHQBSRFGNATEVUSW=XYATJ W�A

OLFE�JZA\[][�^&J X`_�A!E\abX]Gdc
e\Ggf�DFW5Dihkjml)n!o�pFqFr
sbtYuwvyx(t*z xN{!|~}i�(����z �(�i�

�=�~�~��� ���5����� z x(t*z xN{!|~}i�(����z �(�i� �5� }=�]{ �!� �({ � ��� � s=tYu

�2:��(��4=�m�&1]< ��4i�]1
@�ACB�DFE5GCHIA!JKG�LNMPOLFHQBSRFGNATEVUSW=XYATJ W�A

OLFE�JZA\[][�^&J X`_�A!E\abX]Gdc
e\Ggf�DFW5Dihkjml)n!o�pFqFr
��� }��b�T� � vyx(t*z xN{!|~}i�(����z �(�i�

�=�Y�~�K���!�T����� z x(t�z x({�|~}��(���`z �(��� �T� }=��{ �!� |Y{��C�(x � t �T� �(|Y}�{!�i��� �

 �¡�¢�£�¤�¥ ¦§£

� } �Y��� t � � � �(|�¨ � �©� � t~x(�it~t.s!�5| � {���t � �(|g��{!|Yuw�5}ix(�
{5s!�N| � ���T��t � }«ª2¬��®F¬ � x({=���(tk�T}�� � |~{ � {�t~�&� �°¯ �(|~�(} �� |Y{!�!|C�5u � |d�T}�t`��{�|~u2� �~� {�}±t � |d� � �(� � �(t � {±{5s��(|~x({�u���~� �(u²z � } � �5| �~� x(���³�T|�¨ � �����Nu�{!}it � |C� � � �~� � ����� � �=´ ���(s!�N�
t~{���|~xN� ´�� { ´ t~{���|~x(� � |C�5}�tg��{!|Yuw� �Y� {!}�tµ{5�¶ª2¬Z�®F¬ �� |Y{!�!|C�5uQt·�T|~�&� ¯ �(x �~� s�� � }�{�¸ � � � } � }��¹tY��¸�t � �5} �Y� �T� � �N| ´
��{�|~uw�T}�x(�&�b� � }�t�|Y�(�b�T|~�����(tYtk{T� ��� � �Y� �(| � |~{!��|d�Tu�t��5|Y�� } � �(| � |~� � �(�«{�|S�³� � �(|#x({!u ��� ���N� � } � {¹º�{!|�»K¼&½ �½¾¬�¿�zÀ �m�5|Y�!��� �~� � � �T� � {�uw� �Y� }��mt~�ix �Á� |d�T}�t`�]{!|~u2� �Y� {�}�t� |Y{5s � ���Nt�� � |~{�u � t � }���5|Y����{5� ��� � ��|Y�k|Y�(t~�*�5|~x � z

Â Ã!Ä £7¤iÅ�Æ�Ç�¦§£�ÈYÅ Ä

ª2¬��®É¬ �m� t�� � |~{!��|d�Tu�u � }��y�³�5}����?�5���k�5}i�����(s��(��{ �=´
u��N} � �N}bs � |~{�}�u��N} �����i� x �«� t � { � �i�Ê�T| � }2uw�T}bË�� ��� � �°´
x�� �~� {!}���{�uw� � }�t�� ��Ì ��t � �!}?�T� � |~{=x(�(tYt � }��m�5}i�9xN{!u � � ´� � �~� {!}§�5��Í?}?�T}�x(� �Y� � ��� }=s�{!��s!�u2� � | ��Î x({!u � � � � �~� {!}it�z
 � �(|Y�²�5|Y�«uw�T}=Ë²|Y���5tY{!}�tÏ��{!| ��� t � { � ���³�5| ��� Ë=z9» � |~t � ¨
ª2¬��®É¬ �Ð� t«�I|~�N�Ê� �~� s!�N��Ë ��� � �=´ ���(s!�(�`¨y��} � Ë � �(�-�³�T} ´
�!�§�5�!� � } ����� x � uw� � | � xN�(tw�T|~����¸�� � � �`´`� }��?� � � � Ë � ������~� �I| � x � t~� � {T� � | � u ���~� s!�Ñ{ � �(|d� �~� {!}�t*zÓÒ=�(x({�}��K¨
ª2¬��®É¬ �m� |~{!��|d�Tu�t��5|~� � } � �(| � |Y� � �N�K¨§uw� Ì=� }��ª2¬� ´
ÔNÕFÖ5×�ØKÙ§Ú(Û�ÜyÙ?ÝNØ�Ø]Þ5ß5ß!ÚNÛ�à]á~â�ã*ä�å æ*ç�è(Û]Ý(é*à�ØKêFê§ëÉìÊí*î(ïCð�ï*ñNñ(ò

ó§ô³õ ì³í�î(ï÷ö(ø(ù(ù Ý(é5â õ ê ô ì³í(ù�îCð(öNù�î*ú

®F¬ �û� �(��� ´ tY� ��� �(�Q��{�| � |Y{ � { � Ë ��� }���x({=���!z�ü³¬-x({�u ��� ���(|�~� � �K� |d�T}�t~�³� � �(t�ªV¬��®F¬ � x({=��� � {&º � t �*s!� � �³�5¸����F�]|~{!u
ª«� �~� À {�| Ì t�z�ýI ��� |~�K¨ �~� �²þ�ÿ���������ÿÏ���Tx � � ��� Ë2uw� Ì �(t ���
���Tt~Ë � { � }=s!{ Ì ��xN{!u �i� ���(�2ºm{�|�»K¼&½ �½¾¬�¿;����}ix �~� {!}it
��|Y{!u �Y� �kªV¬��®F¬ �P� } � �(| � |~� � �(|�z#» � }§�5����Ëb¨5�y���i���it~� � {5�
}=��u��N| � x��5���T}��²��|d� ����� x(t� � ¸�|d�T| � �(ty��{�|ku2�5}=Ë«� ��� � � x�� ´�~� {�}�t���{�uw� � }�t�� ��Ì �SxN{!u � � � � �~� {!}?�T�5Í?}§�5}�x(�&�5}���t � �!}?�T�� |Y{bxN�(t~t � }i� � t��*s!� � �³�5¸����!z
� }m���(}��(|C�5�`¨ �~� �(|~�P�T|~�«{5s��(| � �*�5��t � } �~� � � } � �(| � |~� � � ´�~� {�}m{5� � |~{��!|C�5u�t � } ��� � �=´ ���(s!�N�k�i} � Ë � �(�;�Ê�T}��!�§�5�!�Nt
� ��Ì �kªV¬��®F¬ �û�Y� � � �T|~�}�{ ���~� �N|~� � }2� Î �(x(� �Y� }���x({=���
x({�u ��� ���(�I��|~{�u u�{�|~�«x({�}=s!�(} �~� {�}?�5�&�!�N}��(|d�T� ´�� �i| � {!t~�
�³�5}����?�5���(t� ��Ì ��º.{�| »�¼&½ �½�¬y¿¹z� � ��uQ{!t ��� u � {�| ´� �T} � {T� �~� �(tY�&{5s!�(| � ���5�it � }�ªV¬��®F¬ � �T|~� �~� ����{�����{ �#´� }��?z

�
	����ÿ�������������7ÿ�����ÿ��������! #"$���%�&'��()��� � ¬ s!�T| � �5¸����
x��T}�¸?� � } � |Y{=����x(�(� � }�ª2¬��®É¬ ��� |Y{!�!|C�5uQt �����~�=´
{�� � ���Nx(�³�5| � }�� ��� t � Ë � ��{!|�t � � � �!z� � �(|Y�C��{�|~�!¨F� Î!´
�(xN� �~� {!}I{5� �Y� �«ª2¬��®F¬ � t � � � �(uQ�(} �+*-,/.�02143
x��T} |Y�65=� � |~�û� x({!u � � � � �~� {�} �Tt²t � u � ���P�5t �~� �� |Y{=����x � {5� �`� {I��{!��¸i���Ntw{�|w�TtwxN{!u � � � x�� � �(�m�Tt�Y� � � |Y{=����x � {5� �`� {uw� � | � xN�(t . �5}�� 1 x({!} � � � } � }��
x({�u � ��� Î �(} � | � �Nt�z  � � � } � �(| � |~� � �(|«u���t � x � �(x Ì� Ë � �(t·�T}���t � � � �(t#{5�F{ � �(|C�5}���t � }¹� Îb� |~�(tYt � {!}�tZ��{�|
x({�u � � �~� ¸ � � ��� Ë!¨S�T}��û� � t � � � x �û� { �~� ��| � � �=� |Y{!� ´�Y� }i����{�|²x��T|~|YË � }�� {!� � �~� �m� ��� |~{ � | � � � �P{ � �N|d� ´�Y� {�}Kz � } � |d�T� ���~� {!}?�T�5x({!u ��� ���(���³�5}i�!�?�T�!�(t*¨(¸=Ë&x({!} ´� |d�5t � ¨ �Y� � � Ë � �(t��5}���t � � � �(t�{5��uw� � | � x(�(t � {!�����
¸§� Ì }�{ � } � { �Y� �Px({�u ��� ���(|*¨&t~{û� � |Y��} �~� u�� ���



� t&{!}���Ë«}i�(x(�(tYtd�5|YË � {wx � �Nx Ì��Y� � �&�Y� ��}=��u�¸§�(|&{5�
x({�����u�}�t#{5� .�� t��65=�?�T� � { �~� �}=��u�¸?�N|S{T��|~{ � ty{5�
1 z

�879�2���!þ:���<;~ÿ#�6��=>���! � Ò � }ix(�«uw� � | ��Î t �%? �Ntw�5|Y�«}�{ �
���Nx(�³�5|~�N��¸=Ë �Y� � � |~{!��|d�Tu�u��N|�¨ �~� �&ª2¬��®É¬ ��� } ´� �(| � |Y� � �N| �T����{=x�� � �(t&t � {!|C�5�!���]{!|k�Qu2� � | ��Î {!} ��� ´
u2�5}��Kz � �A@ � t���s!�(x � {!|��T}��«�5}«� �Y� �(u ���S� t�u2�5���� { � | ��� � � {�N���Nu��(} � @�B2C�D ��� �N|~�EC � tS{�� � t � ��� �~� �
x(�i|~|~�N} � ¸?{���}���t�{T� �Y� �2s!�(x � {!|*¨·ªV¬��®F¬ � �5����{ ´
x�� � �(t#}�� � t � {!|C�5������{�| � �Ê�T|~���(|�s!�Nx � {�|·�T}��¹xN{ ��� �(t
{5s��(|��(���(u��N} � t��]|~{!u �~� �&{!���Qs!�(x � {!| � } � { �~� ��}�� �
t � {!|C�5���!z � }�»K¼&½ �½¾¬�¿ {�|º&¨ ���&� t �~� ��|~�(t � {�} ´
t � ¸ � � ��� Ë {5� �~� � � |~{!��|d�Tu�u��N| � { �T����{=x�� � ���Ñ�³�5|~���
�(}i{!��� � u2� � | ��Î ¨��T}����5}=Ë«� �~� �(u �i��� { � | ��� � � } � {
�y��{=x�� �Y� {�}{!� � t � ��� �~� � � }i��� Î t � �5x(��{T� �~� ��uw� � | ��Î� t��5}Q�(|~|Y{!|*z

�8FG;6;��!��H�I!JK���2�L����ÿ����!���� �  � � � } � �(| � |Y� � �N|wu��it �
x � �(x ÌQ� }i��� Î �(�w�Tx(x(�(tYt~�(t&{T���5|~|C�*Ë¹�N���Nu��(} � t � {��(} ´
tY��|~� �Y� � �#�~� � �Tx(x(�(tYt � t �����~��� }��T|~|d�*ËQ¸?{���}���t*z � }
x({�}=s!�(} �~� {�}?�5�F�³�5}i�!�?�T�!�(t*¨�t � � �Y� x��5}?�T��Ë=t � t#x��T}«��t~�
�T|~|d�*Ë ���(xN�Ê�T|d� �~� {!}�t � {Ñ�(� � u � }?� � �¹¸§{!��}i��t¹x � �Nx Ì t� }�u2�5}=Ë�x��5tY�(t�z

 �(x � } � 5=���(tZ��{!|Z|~�(���ix � }��t~�ix �Q� } � �(| � |~� �Y� s���{5s��(| � �*�5��t
uw�*Ë;¸§�m��t~�÷������}i{ � {!}i��Ë;�]{!|Pª2¬��®É¬ �Ó� |~{!��|d�Tu�t
¸�� � ��{�| � |~{��!|d�Tu�t � }�{ �Y� �(| ��{�uw� � } ´ t � �(x � Í?xZ�Ê�T}��!�§�5�!�Nt
uw�T}=Ë«{5� ����� x � �T|~�2�5��t~{ �i� � �=´ ���Ns!�(�`¨���} � Ë � �(�K¨ � } � �(| ´� |Y� � �(�Ñ�Ê�T}��!�§�5�!�Nt�z
¼y}��²� ��� |~{=�5x ��� t � { � |d�T}�t~�³� � �²ª2¬��®É¬ � � |~{!��|d�Tu�t� } � { � |Y{!�!|C�5uQt � } ��x({�}bs��(} �~� {!}§�5�K�³�T}��!�?�T�!�&� ��Ì �¹º;{�|
»K¼&½ �½¾¬�¿�¨��5}���� �~� �(u �i��� {��(� � u � }?� � � �~� �(t~�«{5s��(| ´� ���T��t ��� �(}�x({�u ��� � � }�� �~� ��º � »�¼k½ �½�¬�¿Ix({=���#��{ � }� {�uw�5x ��� }��#x({=���!z�Ò7�(s!�(|C�5� � |~{*�C�(x � t � }�¸§{ �~� �5x��T���(u � �
�5}i� � }�����t � |~Ë � �*s!� � � Ì �(} �Y��� t�� ��� |Y{b�Tx �NM O ¨>P�¨RQi¨2S�¨KTVU=¨
TVWi¨XT>S=¨ O!YRZ zS � �u�� Î�´ Í?��� � } � �(|g���5xN����(tYx(| � ¸§�(�����5|Y� � �N|
x��T}¹¸§�S�it~�(� � { � }=s!{ Ì ��x({�u ��� ���(�&|~{�� �~� }��(t���|Y{!u �Y� � � } ´� �N| � |Y� � �(|*¨ � �(|Yu ���~�Y� }�� �~� � � |~{��!|d�Tu�uQ�(| � {��t~� �Y� ����� ´
u � � � �5|SªV¬��®F¬ � � Î �(xN� �~� {!} �(}=s � |~{!}iu��(} �#��� �(} |~��} ´
} � }�� x({!u ��� ���(�²xN{b�i�!z\[�{ � �(s!�N|�¨S�Tt�ª2¬��®É¬ � �³�5x Ì t
s!�5| � �5¸����«���Nx(�³�5|d� �~� {!}it�¨&�!�N}��(|d� �~� {!}-{T� ��]�x � �(} � º){�|
»K¼&½ �½¾¬�¿;|~�65=� � |Y�(t � }=���(|Y�(}�x(�{T� � Ë � �(t�¨it � � � �(t*¨?�T}��
t �%? �Nt�z�^�}=�]{!| � ��}?� � �(��Ë=¨Kx({�u ��� ���(| � �Nx � } � 5b�i�(t � {²�5� � { ´
uw� �~� x��T����Ë � }=�]�(|~�(}ix(� �Y� �(tY� � |~{ � �N| �~� �(t �����~� {!� � �T��� �°´�~� {�}?�5����tY�(| � } � � ��� �*s�� � �5��� � u ��� �(��tY��x(x(�Nt~t�¨�Tt � �
� � t~xN��t~ty�Ê� � �(| � } �~��� t � � � �(|*z
� } �~�i� t � � � �(|*¨ � � ��� ���uw� Ì � �Y� �Px*�5t~�I��{�|²��s��(|~Ë
� �°¯ �(|~�(} � � ��� |Y{b�Tx ��� {²|Y�(����x � }�� �~� �Nt~�«{5s��(| � �*�5��t:_
¸=Ë«��t � }i�«t~{���|~x(� ´ ���(s��(� � |d�T}�t`��{�|~u2� �~� {�}�t�{T�¾ª2¬Z�®F¬ �
x({=���!zI � �2ª2¬��®F¬ � x({!uQu���} ��� Ë � �5t����(s��(��{ � �(�m�
}=��u�¸§�(|&{5� � |Y{!�!|C�5uQu��(| � | � x Ì t M T O#ZS� {«�(} � �5}�x(� � �N| ´

��{�|~uw�T}�x(�2{5��ª2¬��®F¬ � x({=���(t*z Ò=��| � | � t � }�����Ë=¨ �Y� �(t~�� �����Tt � �*s!�#}��(s!�N|�¸?�N�(}�t � ��� � �(� � } �~� �Sx({�} � � Î=� {T�?x({!u ´��� �³� �Y� {�}Kz� � ��xN{!}=s!�(} �Y� {�}?�5�Zx({!u ��� ���N|k� �i� |~{=�5x � ¨ ��� ´
t~xN| � ¸?�N� �T¸?{5s��!¨*|~� � �³�Tx(�(t uw� � | ��Î { � �(|C� �Y� {�}�t �����Y� ��{={ � t
�5}i� � }��i� Î �(�¹�5|Y|d�*Ë�5xNx(�(t~tY�(t ����� x � �5|Y� �~� �N}{ ���Y� u �%? �(�
��t � }i�Pt � �5}��§�5|~�;x({�u ��� ���(| � �Nx � }�{!��{!��Ëbz. � �²tY{!��|Yx(� ´
���(s!�N� � ��� |Y{b�5x � �T��s!{=x�� � �(� � } �~��� t � � � �(| � �5t �~� �{ �=´� {!t ��� �9� ¯ �(x � t � }�x(� ��� |~� � �³�5x(�(tI��{b{ � tP�5}i� � }���� Î �(�
�5xNx(�(t~tY�(t ¸bË ��� � �=´ ���(s��(��u2� � | ��Î { � �(|C� �Y� {�}�tV`. �i� t � t
t~{�u�� ��� � � x({!�i} � �(| ´`� } � � ���~� s���¸?�(x*�5��tY� � Ë � �k�T}���t � � � �
x � �(x Ì t�¨#��Ë=}?�Tu � x¹|Y�(t �%?(� }����5}i�9�5|Y|d�*Ë ¸?{���}���t�x � �Nx Ì t
�5|Y�&}�{ � � Î=� � � x ����� } ��� � �=´ ���(s!�N�?u2� � | ��Î¹� |Y{!��|d�5uQt�¨�t~{ ���� t�}�{ � {!¸=s � {���t � { �-�~� �(tY��{5s!�(| � ���T��t�5|~��|~�N����x(�(��¸=Ë
t~{���|~xN� ´ ���(s��(� � |d�T}�t`�]{!|~u2� �Y� {�}�t�zÉ¿��(s��(| �Y� �(���(t~t*¨ � ��t � { ��~� � � t~��x � tY{!��|Yx(� ´ ���Ns!�(� � |C�5}�tg��{!|Yuw� �Y� {!}�t �5|~�#¸§�(}��CÍ?x � �T�
|~�N�b�5|Y�����(t~t�{5� ��� � �~� �(| �Y� � � |C�5}�tg��{!|Yu��(� x({=��� � t&� Î � ´
x(� � �(�P¸=Ë �~� �2ª2¬��®É¬ � � } � �N| � |Y� � �(|�{�|x({�u ��� ���(� � {
º {!|�»K¼&½ �½¾¬�¿�z
 � �2|~�Nt � {5� �~��� t � � � �(| � t�{�|~�b�T} �%? �(�m�5t��]{!����{ � t�zI¬
u�{�|~����� � � � ���(�²� � tYx(��tYt � {!}I{5� �~� ��{5s��(| � �*�5��t�{5� � } � �(| ´� |Y� �~� }��Pª2¬Z�®F¬ �.� |Y{!��|d�5uQt � t�� � s!�N} � }9Ò=�Nx �~� {!} O z
Ò=�(x �~� {!}\U2� � t~x(�it~t~�Nt � { �.�~� �wª«º�º ªV¬��®F¬ ��� {²º
x({�u ��� ���(|�� �~� �(u ��� t � {k�N� � u � }§� � � �Y� �(t~�y{5s!�(| � ���T��t�z À �
�5��tY{�t � { ���~� �#� ¯ �(x � {5�?�it � }���s!�T| � {!�itKx({�u ��� ���(|ba��5��t � }
ª«º�º�tY��x � �5t �~� �dc�Cea��T� � {��(� � u � }?� � �·�T|~|C�*Ë�¸?{���}���t
x � �(x Ì t�z�Ò=�Nx �~� {!}:P����(tYx(| � ¸§�(t �Y� �StY{!��|Yx(� ´ ���(s!�(� � |d�T}�t`�]{!| ´
uw� �~� {!}it�{5� � } � �(|~�(t �� {2��t��5}�� �(s!�5���?� � �(t �Y� � � |&� ¯ �Nx �
{!} � �(|`��{�|~u2�5}�x(� � � �Y� ��|~�Nt~��� �~� }��2x({=��� � t � } � �(| � |~� � �(�
¸=Ë �~� �ª2¬Z�®F¬ ��� } � �(| � |~� � �(|*z·Ò7�(x �~� {�}fQ��5|Y�!���Nt �~� � �
t~{���|~xN� ´ ���(s��(� � |C�5}�tg��{!|Yuw� �Y� {!}�t¹�T|~�«�it~�C���i���(s��(} � � �~� �� |C�5}�tg��{!|Yu��(�Qx({=��� � t#x({!u ��� ���N� � {�}?� �~� s!�yx({=���¸=Ë �~� �
ª«º�º x({!u ��� ���N|�z�Ò=�Nx �~� {!}<g�xN{!u � �5|~�Nt�{!�i| � {!| Ì2�����Y�� |Y�(s � {���t � {!| Ì z Ò=�(x �~� {!}ihy� � s!�(t��&t Ì � � x � {5� � { �P�Y� �(t~�� |C�5}�tg��{!|Yuw� �~� {!}�t x��T}�¸§� � �(|`�]{!|~uQ�(�w�T� � {�uw� �~� x��5����Ë�¸=Ë
��|~�Nt � |Y��x � ��| � }��«xN{!u �i� ���(|>j=��� � � � ��t�{5�S�5} � u � ���(uQ�(} � � ´�~� {�}�x��T}w¸§�&��{���}�� � }«��x({!u � �5} � {�} � � � �(| M T#P Z z

k Ã!Ä £'l�¤�m�¤blF£�¥�£7ÈYÅ Ä n Å�¢�£ ÅporqÓ �sut� \v
m�¤�Å�w#¤�¥�x ¢

¼y��| � {�| Ì�´ ��{=�5� � } �Y��� t � � � �(| � t �~� �k»�¬k®�º�¼�¿;¸§�(}�x �=´
uw�T| Ì tY� � ��|Y{!u �~� �e^�} � s��(|~t ��� Ë�{5� � ��� � }�{ � t*¨2^�|Y¸?�5}?� M U Z z
 ��� t � t �Ït~� � {5�yT O�� |~{!��|d�Tu�t#��|Y{!u �~� � � |~{�¸����(u)��{ ´
uw� � }²{T��x({!u � � � � �~� {!}§�5� t~x � �(}ix(�!¨��5}�� ��� x({!} � � � }�t ���`´
�(|C� �~� s��P� � }����5|2tY{!��s!�(|Yt9ü]º{z�¨}|&ª«½�ýN¨#Í?} ��� � ´ � �°¯ �(|~�N}�x(�
t~{���s!�(|Yt&��{!| � �i�(twü]º#¿¹¨�Ò�¼&½�ýN¨ � |~�(xN{!}�� ���Y� {�}��(|xN{!u � � ´� � �~� {!} ��{!| ��� �(|d� �~� s!�2� � }����T|t~{���s��(|~t«ü � º�ý(¨ � � x!zI � �(t~�
¸§�(}�x � uw�T| Ì t��5|~�I���(tYx(| � ¸§�(� � }-��5¸����~T!z � } � �(|~uQt
{5�Pª2¬��®É¬ � ¸?� � �*s � {�|�¨u�y�-½�{�t~� M U Z ��|~{�� � t �~� �� |Y{!�!|C�5uQt � } � { �Y� |~�(�Ñt~� � �T|d� � � x�� � �(�!{�| � �(t�z�����HV;��!;6�>�



����(]ÿ>�K�6����ÿ � |Y{!��|d�5uQt«ü�º{z�¨#ª2� � ¨{|&ª«½¨�Ò�¼&½�ý�{ � �N| ´
� � �2� � {�}��(} �~� |~�«u2� � | � x(�(t�s � � ��� � �7´ ���(s��(��{ � �(|d� �~� {!}it
{!|Q|~{�� �~� }��(t*z  � �(t~��x({=���NtwxN{!} � � � } ��� � ¨ � �¹�5}=Ë=¨ � } ´
��� Î �(�m�Tx(x(�(tYt~�(t � } � {²�T|~|d�*Ë=t*z�����ÿ*þ¹ÿ>��(&�!;6�>��I�7ÿ>;���()��I��K�
����(]ÿ>�K�6����ÿ � |~{!��|d�Tu�t�ü�º#¿�¨A� � ¨�»���¨Xz�i¨ � º�ý&{ � �(|C� � �
� � {!} �(���(u��N} � t�{T�Suw� � | � x(�Nt�s � ����{={ � t*z�� � | � �?�T����Ë �~� �
�(} �~� |Y�k� Î �Nx(� �~� {�} �~� u�� � t�t � �(} �������~�i� }Q��{b{ � }��Nt � ty{ �=´
�(|C� �~� }��Ñ{!}P�5|Y|d�*Ë«�N���Nu��(} � t*zL� ÿ�þ:I!;6�>������(�ÿ>�K�6���*ÿ � |~{ ´
�!|C�5uQtkü ¬�|¹¨���º&¨F½�� ý#|Y�65=� � |~��x({!}it � ���(|C�5¸����uQ�(u�{�|~Ë
uw�T}?�5���(u��N} � {5s��(| � ���5� � } �~� �#��{!|Yu {5�F��Ë=}?�Tu � x�|~�Nt �%?C´� }��?z
 {«u��*�5t~�i|~� �Y� �2{5s!�(| � ���T�P{5�ª2¬��®É¬ �.� } � �(| � |~� � � ´�~� {�}K¨ � � � {������ � �*s���� ��Ì �(� � {&� Î �(x(� � �&{!��| ¸§�(}�x � uw�T| Ì
t~� ��� �«{!}m� tY� ��� �5¸i��Ë � }�t � |~��uQ�(} � �(�mª2¬��®É¬ �©� } � �(| ´� |Y� � �(|*z<^�}7��{!| � ��}?� � �(��Ë=¨ �~� �2ª«� �Y� À {!| Ì t � } � �(| � |~� � �(|� t � |~{ � | � � � �5|YË9xN{b�i�!¨�t~{ � �«� � ��}�{ ��� �*s!�«�5xNx(�(t~t � {�~� ��t~{!�i|~x(�!z À ��x({!}it � ���(|Y�(����t � }�� � �i¸�� � xN��Ë«�*s!� � �³�T¸����
ª2¬��®É¬ �Z´ � ��Ì � � } � �(| � |~� � �(|~t«�5}i�9�Ns!�(} � }�t � |Y��u��(} � �(�
{!}i��{5� �Y� �(u ü]¼yx � �*s�� M g Z ý(¨ ¸i� �¹� ���]{!��}�� �~� � ��~� �(Ë� �(|~�Qt~�K]�x � �(} � ��Ë � �°¯ �(|~�(} � ��|~{�u �Y� ��ª«� �Y� À {!| Ì t � } ´� �N| � |Y� � �(| �~� � ��� �Qx({!�i���I}�{ � ��|C� � uQ���5} � }i�5�����Zx({!} ´
x(����t � {�}�t¹�T¸?{�� �&�~� � � �(|`�]{!|~u2�5}�xN�¹{T� �Y� ��ª«� �Y� À {!| Ì t� } � �(| � |~� � �(|&��|Y{!u©� Î=� �N| � u��(} � tk{�}2{ �~� �(| � } � �(| � |Y� � �N|~t�z
»i{!|�� Î �5u � ���!¨=¼�x � �*s!� � t � | ���~� �N} � }«º{�G� �T}�� ��� �it~�(t�~� � � Ë � � ´ � � t � � � x � u��(x � �T} � t~u-{T��º{�y� � { � u � ���(u��N} ��~� � � Ë � �&x � �(x Ì=� }����5}�� � Ë � �k� � t � � � x � |~�#5b� � |Y�(� � {¹� Î!´
�(x(� � �²ª2¬Z�®F¬ � uw� � | ��Î { � �(|d� �~� {!}�t*¨�tY{ �~� �(|Y� � t¹}i{
� � |~�Nx ��� �*Ë � {¹uQ���5tY��|~� �Y��� tS{5s��(| � �*�5�Kz  � �N|~�C��{�|~�!¨ � �� �T� � { uw� Ì ����{ �����Y� uQ���5tY��| � }�� �~� �w� ¯ �(x � {5� � |~{ ´
�!|C�5u � |C�5}�tg��{!|Yuw� �Y� {!}�t�{�}9{5s��(|d�T��� � �(|`��{�|~u2�5}�x(��z � }�~�i� tyt~�(x �~� {!}K¨ � ����(tYx(| � ¸§� �~� � � } � �(| � |Y� �~� s��¹{5s��(| � �*�5��t� }�uQ{!|~�y��� � � � �`z

�4�&� �:�����8���4�������X�����L���¡ K¢4£¤��¥

^�}i� ��Ì � � }�ºI{!|S»�¼&½ �½�¬y¿¹¨5�5|Y|d�*Ë�s!�5| � �T¸����(t � }�ª2¬� ´
®F¬ �P� |Y{!��|d�5uQt x��5}�¸§� � } � |~{=����xN�(� �����~� {!� � � Ë � ���i�(x ´
�³�5|C� �~� {�}�t�z�»i��| �~� �(|Yu�{�|~�!¨F��t � }��!���s!�T| � �5¸����x*�5}«}?�Tu��
uw� � | � xN�(tF{5��� �°¯ �(|~�(} � � Ë � �Nt�¨5t � � � �(t��T}��t �¦? �(t � }&� �°¯ �(| ´
�(} ��� �T| � t�{T� �Y� � � |Y{!�!|C�5u zF � �&x({!u � ��� Î=��� Ë �Y� � ���Y��� t� } � |~{=���ix(�(t � } �~� � � } � �(| � |~� � �(|&x��5}2¸§�¹� ��� |~�(x � � � �(�«¸=Ë
x({�}�t � ���(| � }�� �Y� �¹�5tYt � �!}iu��(} �{*~,§.�0R1 z= � � � Ë � �¹�T}��
t � � � �«{5� . �5}�� 1 �i� � �(|Yu � }�� ��� � � x({�u � � � � �Y� {�} � t� �(|`��{�|~uQ�(�K¨�tY{ .�0R1 u2�*Ë²|Y�C���(| � { t~x��T�³�5| ´ t~x*�5�³�5|�u���� ´�~��� � � x�� �~� {!}K¨=tYx��5�³�T| ´ uw� � | ��Î u���� �~��� � � x�� �Y� {�}K¨5{�|�uw� � | ��Î�´
uw� � | ��Î u���� �~��� � � x�� �~� {!} ��� �(|~�y}�� ���~� �(|�¨=� ���Y� �(|�¨={�|S¸§{ �Y�
{5� �~� ���5|Y�!��uQ�(} � tk�T|~�xN{!u � ��� Î zG���Tx � � {!t~t � ¸����x({!u ´
¸ � }?� �~� {!}�t � �(x � Í§�(tw�Ñ� �°¯ �N|~�(} ��Ì=� }���{T�kx({�u � � � � �Y� {�}Kz
»i��| �Y� �(|~uQ{!|Y�!¨ �~� � � } � �(| � |~� � �(|uw�*Ë��T��t~{ � �Nt � ��{!|yt � � ´
x � �5�Fx*�5t~�Nt ��� �(|Y�!¨=�]{!|#� Î �5u � ����¨!{�}��&{5� �Y� ��5|Y�!��uQ�(} � t� t�� |~{ � {!|Qx({!����uQ}�s!�(x � {!|*z À ��� ���«� s��(x � {�|�x({������

¸§� � |~�*� � �N�w�C��t � �5t¹�T}bË2{ �~� �(|�uw� � | ��Î ¨§u�{!|Y���]�x � �(} �
��}��i�(|~��Ë � }�� � u � ���Nu��(} � � �~� {5}�t#� Î=� t � ��{!|�u��i� �Y��� ��Ë � }����
uw� � | ��ÎQ�����~� ��s��(x � {!|�zQ» � }?�T����Ë=¨ �Y� � � } � �(| � |~� � �(|�uw�*Ë
�5��tY{ � �*s!� � { � �(t � ��{!|����(�=�5� ��� Ë¡j � } �Y� �x��Tt~��{5��uw� � | ��Î�´
uw� � | ��Î u���� �~��� � � x�� �Y� {5}K¨ �Y� ��t~�(xN{!}��-� � uQ�(}�t � {�}9{T� .
�5}i� �Y� �yÍ?|~t � � � uQ�(}�t � {�}�{5� 1 u���t � x({�}=��{�|~u²z
 � �ª2¬��®É¬ �;� } � �(| � |~� � �(| � �(t � t��]{!|��5���F{5� �~� � �T¸?{5s��� {!t~t � ¸ � � ���Y� �NtS���Tx �w�Y� u�� ��� �(}�x({���} � �(|Yt �Y� � 0 { � �(|C� � {�|�z
[�{ � �(s��(|�¨�� Î �Tu � } � }�� �Y� �«x({�} � � Î=��� } ����� x ���~� �«� Î!´� |Y�(t~t � {�}�{=x(x(�i|~t�uw�*Ë&|Y�(s!���T� �Y� � �Z�~� � � �(t � t��5|Y��|~�(�i��} ´
�?�T} � {�|��(s!�N}«x({!u � ��� � �N��Ë��i}�}��(x(�Nt~td�T|~Ë=z�º#{!}it � ���(|*¨=��{�|
� Î �5u � ���!¨ �~� � 0 { � �N|d� � {!| � } �~� ��x({=��� �

¨!©>ª8«�¬\�®�¯
° ¬ °�±<²2³>´Xµ «2¶�·

¸ ¯!¹

� } �~�i� t&x��Tt~�!¨ �Y� ��x({�t � {5� �~� ��x � �(x Ì t � t�uw�5��} � Í?�(� � }�~� � � } � �(| � |Y� � �N|��5t �~� �NË �T|~� � �(|`��{�|~uQ�(� � }²���Tx ����� �(| ´
� �Y� {!}P{T� �Y� �2��{={ � z<[�{ � �(s��(|�¨Z}�{ � � �Y� � � @�B2C'DQu��it �
¸§��t~x��T�Ê�T|�¨FtY{2}�{ � �(t �¹� t&}��(�(�i�(� ��{!| ��� z À ���Y� {!� � �5� ´
� ���~� {�}?�5� � }=��{�|~u2� �~� {�}K¨ �~� � � Ë � �¹�T}��2t � � � ��{5�yº�u��it �
¸§��x � �(x Ì �(�K¨ ¸i� � t � }�xN�»º � t&}�{ � uQ{b� � Í§�(� �����Y��� } �~� �
��{={ � ¨ �Y� �(tY� � |~{ � �(| �~� �(t�}��(�(� � {«¸§� � �(t � �(�«�C�it � {�}�x(�!¨
¸§�C��{!|Y� �~� �k��{={ �Q� t�� Î �(x(� � �(�Kz

�4��� ¼��{�A��½~£& 8¾¿�¡À�£�Á$£¤��¥

� }�º�{!| »K¼&½ �½¾¬�¿¹¨*t � {!|C�5������{�|��5}¹�T|~|d�*Ë � t �5����{=x�� � �(�
¸§�C��{!|Y� ��� t��(���(u��(} � t �T|~��x({�u � � � �(�Kz«Ò � }�xN� �~� �(|~�«�5|Y�
}�{Is!�5| � �T¸����w�i�(x(�³�5|C� �~� {�}�t � }mª2¬��®É¬ � ¨St � {�|d�5���2��{�|
uw� � | � xN�(tS�5}i�¹s��(x � {�|~t � tS�T����{=x�� � �(� � }�x(|~�Nu��(} � �T����Ë�����| ´� }�� � |Y{!��|d�5u � Î �(x(� �Y� {�}KzI¬�}9� �~� �(u ����� { � | ��� � � } � {
��u2� � | ��Î �(���(u��N} � {�� � t � ��� �~� �¹¸§{!��}i��t�{T� �Y� ��uw� � | ��Î
x��T��t~�(t �~� �#t~Ë=t � �(u � {y|~���T����{=x�� � �#t � {�|d�T�!�Z��{!| �~� �#�(} �~� |~�
uw� � | ��Î ¨5xN{ � Ë � }i�{5s!�(|��5���§�(���(u��N} � t��]|~{!u �Y� ��{����Qt � {!| ´
�5��� � { �Y� � }�� � ��Ëm�5����{bx*� � �N�9t � �5xN�!z � } ��{={ � t�¨#t~�ix �
u��Nu�{!|YËPu2�5}?�T�!�(uQ�(} � {5s��(| � �*�5��t«x*�5}-¸§�(x({!uQ� � |~{ ´��� ¸ ���~� s��(��Ë¹� Î=� �(}�t � s��!z�º#{!}�t � ���(| �~� ���]{!����{ ��� }i�x({=��� �

¨!©>ª8«�¬\\®»6Â2Â2Â2Â
´Xµ «2¶�¬8«�·

¸ ¯!¹

� �i@ � t � } ���~� �5����Ë«��}i���CÍ?}��N�K¨ �~� � � } � �(| � |Y� � �N|ÄÃY�!|Y{ � t�Å�~� �ks��(x � {!| � }�x(|Y�(u��(} � �5����Ë����| � }i�¹��{={ � � Î �(xN� �~� {!}�zS¼y}
��Ò � �5|Yx O!Y ¨ �Y� ��ª2¬��®F¬ �û� } � �N| � |Y� � �(|�|~�65=� � |~�Nt+T#P?z O
t~�Nx({!}��it � { � Î �(x(� � � �Y��� t¹��{={ � z�[y{ � �(s��(|�¨ ���� t�x(�����T|
¸§�C��{!|Y� �~� �� Î �Nx(� �~� {�}w{T� �Y� �&��{={ ���~� � � @ ��� ���?��|~{ �m� {



� �(}�x � u2�5| Ì »���{ � t ® � }��(t�{T�Zº#{=���
¬�| ¬��?� ���~� s��y|y�?�5�i|d� � ��|~�9^�t � }���Ò � u � t~{�}XÆ tS½��i��� U�Ç}g:È�T Y!É W!h
º{z º#{!}��÷���b� � �yz |d�5� � �N} � uQ� �~� {b� U�Ç}h:È�T Y!Ê U!g
º#¿ º#|d�T} Ì�´ ¿ � x � {���t~{!}Qt~{���� �~� {!} � { �~� � � ��� � �65=�?� �~� {!} O Ç O È�T Y!Ë O S
� � � � | � x � ��� � tY{!��� �~� {�} � {�®�� � �³�Tx(�!Æ tS�#5b�§� �~� {�} T!Ç}S:È�T Y!Ë U!S
»�� » � } ��� �y� �°¯ �N|~�(}�xN�¹tY{!��� �~� {�} � { �~� � � �*s����65=�?� �~� {!} O Ç}U:È�T Y!Ë O W
z�� z�5���(| Ì=� }Qu�� �Y� {=� � {¹tY{!��s!� �~� � � { � t~tY{!}��#5b�§� �~� {�} T!Ç}U:È�T Y!Ë PÌW� º � }�x({�u � ��� � �kº � {����Nt Ì Ëw»§�5x � {!| �¦? � �~� {�} h�Ç}g:È�T Y!É U!U
ªV� � z&�(}��N|d� �Y� {!}2{5�4U!� ´ tY��|`�`�5x(� T!Ç}h:È�T Y!Ê O W
�Zº  � {�¸§{b�iË � |Y{!¸����(u©��t � }��i� �����(| ´ º#|Y{!uQ�(|�u�� �Y� {=� U�Ç}U:È�T Y!É O g
½��  � {�¸§{b�iË � |Y{!¸����(u©��t � }��:P �Y� {!|~�i�(|k½¾��}��!� ´ �&� �Y� � P$Ç PiÈ�T Y!É g!g
|&ª«½ |y�?�5t � ´ ª � } � uw�T��½��(t � �i�?�5��u�� �Y� {=� T!Ç O È�T Y2Í S�T
Òi¼k½ Ò=��x(xN�(t~t � s��¹¼ys!�(| ´ |Y�(�³� Î � �Y� {!}2u�� �Y� {=� W�Ç}S:È�T Y Ê O S

 �T¸����ET � »§�5��x({�} � �(}�x � u2�5| Ì Ò=� ��� �

T Y ¨ Y!Y!Y �(���(uQ�(} � t�z � �·��s��(x � {!|G@�{T� �Y��� t����(}�� �~�«� t � |Y� ´
�5����{=x�� � �(�«¸§�C��{�|~� �~� �¹��{={ � ¸§�(� � }it�¨ �Y� �¹��{={ � � Î �(x(� � �(t� } Y z}U�h�t~�(x({�}���t*z � }«{ �~� �(| � {!|Y��t�¨§|~� � ��� � �(�I|~���T����{=x�� ´�~� {�} � } �~� �¹��{={ � t~��{ � t �Y� �¹��{={ � ��{ � }2¸=Ëw� ���5x � {!|y{5�
P Y � } �Y��� tSx*�5t~��z ¿�{ � � �Y� � �#�~� �&ª2¬��®É¬ ��� } � �(| � |~� � �(|
{!}i��Ë��T����{=x�� � �(t �~� �ku � } � uw�5���Tu�{!�i} � {T��u��Nu�{!|YË���Tx ��~� uQ�!z& � � �y� t�¨ � � �Y� �¹s��(x � {!| � t&}�{ �y� |~�*�5����{bx*� � �N�²¸§� ´
��{�|~� �Y� �¹��{={ � ¨ �~� �(}K¨F{�}«���5x � ��� �(|C� �~� {�}K¨ �Y� �¹s��(x � {!| � t
|~�*�5����{bx*� � �N� � } � { � u��(uQ{!|~Ëy¸���{=x Ì {!}����(���(uQ�(} � �Ê�T|~���(|�z
� } � �(|Y�(t �Y� }��!��Ë=¨ �~��� ty{5s!�(| � ���5� � } �Y� ��ª2¬��®F¬ �-� } � �(| ´� |Y� � �(| � tQ}�{ � }����T|~��Ëm�5t2t � �!} � Í§x��5} � �]{!| �`� {�� � u��N} ´
t � {�}?�5�K�T|~|d�*Ë=t*z�º#{!}�t � �i�(| �

¨!©>ª8«�¬\\®»6Â2Â
¨!©>ª�Î¿¬\Ä®�6Â2Â
°Xµ «�ÏÐÎK¶�¬<«�·

¸ ¯!¹
¸ ¯!¹

¬��=� � }K¨ � � � �*s!���5}«�5|Y|d�*Ë2�(s!�N} � �?�5����Ë2|~�(t �%? �(� � { � {!���
T Y ¨ Y!Y!Y �(���(uQ�(} � t*z�[�{ � �(s!�(|*¨ � } �~�i� t#x��Tt~�!¨i|~���T����{=x�� �~� {!}� t�}�{ � ��{�}���{!}«���Tx �²��� �N|d� �Y� {!}Kz � } �~� �Í?|Yt �&��� �(|C� �Y� {�}
{5� �~� �»C���{={ � ¨i���5x � ��� �(|C� �~� {�}«{5� �~� �+ÑQ��{={ � |~�(t �%? �(tÓÒ
¸=Ë²�5}P�T��� ���~� {�}?�5��x({!����uQ}Kz � }�t~��¸�tY�65=���(} ����� �(|d� �~� {!}it
{5� �~� �LC���{={ � ¨?{�}���Ë �~� �Í?|Yt ���� �(|d� �~� {!} {5� �Y� �»Ñ2��{={ �
x��T��t~�(tZ|~�(t �¦?N� }i�?z� � � � ��� �(|C� �Y� {�}|~�Nt �%? �(t�Ò � {k�T}+Ô�ÈÓT Y!Y
�5|Y|d�*Ë=z�¿y{�{ �~� �(| ��� �N|d� �Y� {!} � | � ���!�(|Yt�|Y�(t �%?(� }��§z À � �(}�Ò� t � } ���Y� �T����Ë2��}i���CÍ?}��N�K¨ �~� � � } � �(| � |~� � �(|�|Y�65=� � |~�(t Y z}g!h
t~�Nx({!}��it � {�� Î �(xN� � � �~� ���5¸§{5s!�&��{={ � z À ���Y� Ò2�5��|~�*�5��Ë
�5����{=x�� � �(�K¨ �Y� � � } � �(| � |Y� � �N|k|Y�65=� � |~�(t Y z PÌW�t~�Nx({!}��it�z
À ��� ��� ���&� tx(�����5| �Y� � ��Y� � �`� {2� � u��N}�t � {!}§�5�Kx*�5t~��|Y� ´
5=� � |~�(tQ��� � �(|2uQ�(u�{�|~Ë�|~�*�5����{bx*� �~� {�}�t�¨ ����� tw�T��t~{ � |~����~� � ����� |Y�65=� � |~�(t2���(tYt��?� � � x({ � Ë � }��?z � } �~� �2{!}i�«� �°´
u��N}�t � {!}§�5��x��Tt~�!¨ ��� �(|C� �~� {�}uCy|~�65=� � |~�Nt�x({ � Ë � }��{T�AÔbÕ8T
�?� � ���(���(uQ�(} � t�z¾¬�}2�(} �~� |~�iÖ�×&�(���(uQ�(} � s!�(x � {!|�ü ��� �(|~�

Ö»ØÙT Y�Y� }2{!�i|�� Î �5u � ���*ý |~�65=� � |Y�(tÓÚ�ü)Ö�Û�ý#xN{ ��� �(t*zS¼y}�~� ��{ �~� �(| � �T}��K¨y��{�|V�T}û�#5b� � s!�T���(} � t �%? �8Ö~È~Ö �5| ´
|d�*Ë=¨KÚ�ü)Ö�×*ý�xN{ ��� �(t��T|~��|Y�65=� � |~�(�V��{!| �~� �¾Í?|~t � |~{ � ¨��T}��
ü)ÔpÕ�T�ý�Ü�Ö�xN{ ��� �(t¹�T|~��|Y�65=� � |~�(� ��{!|&���Tx � tY��¸�tY�65=���(} �
|~{ � CbzQ � ��t�¨ �Y� � � { � �5��}=��u�¸§�(|x({ ��� �(t���{!| �Y� � �`� {
� � u��N}�t � {!}§�5�K�5|Y|d�*Ë � tÓÚ�ü)Ö�Ý�ýN¨K�5tYË=u ��� { �~� x��T����Ë�tYuw�T�����(|�~� �5} �~� �&{�}��&� � u��(}�t � {!}?�T�?x��Tt~�!z
À �&x({!}ix(������� �Y� � ���Y� �&{5s!�(| � ���5�Ñ{5���iËb}§�5u � xy|~�(t �¦?N� }i�� tu�{�t �y� u � {�| � �5} ����� �N}�s!�(x � {!|Yt �T|~��|~�Nt �%? �(� �����~��� }
��{={ � t*z

�4��Þ ß<àÌà����âáNã�ä��4��À��L�A�� K¢4£¤�A¥

� }���� Î �N�9�5xNx(�(t~tY�(t � } � { �5|~|C�*Ë=t¹�5|Y�w�5}i{ �~� �(|¹tY{!��|Yx(�2{5�
|~�i} ´��Y� u��&x � �(x Ì t � } ª2¬Z�®F¬ � zFº#{!}�t � ���(| �~� ����{�����{ �#´� }���x({=��� �

´Xµ «2¶i¬ °Xµ «2¶�·

 � � � }���� Î C � t2x � �(x Ì �(� � {�t~�N� � � ���Q� t �����Y��� } �~� �
¸§{!��}��it�{5�X@��5}i��ÒFz � � ���#� t#}�{ �S�����~�i� } �~� �&¸§{!��}i��t�{5�
@F¨ ����� | � �!���(|~t#|~�Nt �%?(� }��¹�TtS� Î=� �³� � }i�(���5¸§{5s!�!z � � ����� t�}�{ ������~��� } �~� �¸§{!�i}���t�{5��ÒF¨��5}2�(|~|Y{!| � t�|Y� � {!| � �(�Kz
¬�t �����~��� Ë � ���5}i�¹t � � � �Sx � �Nx Ì t*¨��5|~|C�*Ë&¸?{���}���t�x � �Nx Ì t
�5|Y�&{5� � �(}2|~�(���i}��?�5} � ¨?�5t � } �~� �kxN{b�i� �

¨!©>ª8«�¬<å�®�¯ÌæK
´Xµ «2¶i¬ ´Xµ «6æK2¶ ±2´�µ « ± 2¶�·

¸ ¯!¹

¬�t�¸§�C��{�|~�!¨ �~� �2��{={ � u2�5�!} � Í§�(t �~� �w{5s��(| � ���5� � } �~� �� } � �(| � |~� � �(|�t � }�x(� �Y� |~�N�kx � �Nx Ì t��T|~� � �(|g��{!|Yu��(� � }����Tx �



��� �(|C� �Y� {�}Kzûº#�����T|~��Ë=¨ �~� � �~� |Y�(� x � �(x Ì t � �N|`��{�|~u��N�9{�}�~� � � }�}��N|kt � � � �(uQ�(} � �5|Y�¹|Y�(����}i�?�5} � �5}�� x��T}«¸?��x({�� ´
�³� � tY�(� � {²{�}��!z� � �V�T|~|C�*Ë<@�u���t � xN{!} � � � }�� � �����5t �
C>çXè2�(���(uQ�(} � t���{�| �~� �«t � � � �(uQ�(} ��� {�¸§�«���(�b�T����Ë � Î � ´
x(� � �(�Kz& � ��{ �Y� �(| �`� {�x � �(x Ì t¹�5|Y�t~�i¸�t~��uQ�(� ¸bË �Y��� t
x � �(x Ì z�»i��| �Y� �(|~uQ{!|Y�!¨ �~��� t�|~�Nuw� � } � }���x � �(x Ì }��(�(� }�{ �
¸§� � �(|`�]{!|~uQ�(�«���Tx �²��� �N|d� �Y� {!}Kz � �G@«��{=�(t&}�{ � x({!} � � � }
� � �����5t �{é �N���Nu��(} � t*¨ ����� t�x(�����T| �Y� � �y�~� ���{={ � x��T}�}�{ �
� Î �(x(� � ��x({!|Y|~�(x � ��Ëbz

ê n Å Ä4ë l Ä £7ÈYÅ Ä ¥�ì n Å4x�m�È�ìY¥�£7ÈYÅ Ä

� } �~��� t&t~�(x �~� {!}K¨ � ��� Î �5u � }i� �Y� ��t � �5}��§�5|~��� �i� |~{=�5x �� { x({!u ��� � � }i� � � �*Ë �Y� � � } � �(| � |~� �Y� s!�-{5s!�N| � ���T��t�{5�
ª2¬��®É¬ �Ó� |~{!��|d�Tu�t�z  � � Ì �(Ë � �i��� � t � { � |d�T}�t ´
�³� � � ª2¬Z�®F¬ � x({=��� � } � {.º {!|�»K¼&½ �½¾¬�¿ � |~{ ´
�!|C�5uQt�¨*uw� Ìb� }�� � Ë � ��x � �Nx Ì=� }��§¨5��Ë=}?�5u � x�|Y�(t �%?(� }��§¨5� � x!z
� Î=� � � x ��� �5}�� �~� �(|Y�C��{�|~�-�5u��N}?�5¸���� � {-{ �i�~� u �%? � �~� {!}KzÀ ���i�(t~x(| � ¸?� � { �m�~� �&x({�u�uQ�(|~x � �T�7ªÑ� �~� À {!| Ì t�ª«º�º
x({�u ��� ���(|�|Y�(u�{5s��(t �Y� �(t~�Q{5s!�(| � ���T��t �T}���5b�§�5} �~� ��Ë ��� t
� ¯ �(x �Y� s��(}��(tYt�z

Þ4�&� �:�����Äí���î���à��X�4 K�

 � �ª«º�º x({!u ��� ���(|S� �Y� �(u ��� t � {��(� � u � }?� � � � Ë � ��T}��
t � � � �x � �(x Ì t �~� |~{!�i� ���Y� ���tY�&{5� � Ë � �¹�5}i��t � � � � � } ´
���(|Y�(}�x(��z« � ��uQ{!t � tY{ ����� t �~� x�� � �(� � Ë � � � }=���(|Y�(}�x(�2�5� ´
�!{�| ���~� u � } �Y� ��� ��� �(|C� � ��|~� � t �~� ��{!}i� � } �~� �&»�¬k®Kº�¼y¿
x({�u ��� ���(|F{5������½�{�t~��� � �T�`z M U=¨>P Z zF � �·�T����{!| ���Y� u;��t~�(�� }¹ª«º�º � t���} � �i¸�� � t � �(�K¨T¸�� � ��� � �i� ���T|~t � {&¸§�St � u � �³�5|�z
 � � ��� � � ���(s!�N� � ���*� � t � {��!�N}��(|d� � ����tYËbt � �(uÐ{5� � Ë � �
�65=�?� �~� {!}�t�|Y�(�³� �Y� }i� �Y� � � Ë � �(t&�5}��2t � � � �(t�{T��� �°¯ �(|~�(} �
s!�5| � �5¸����(t�5}i��t~{!��s�� �~��� ttYËbt � �(u � {«��� � �(|Yu � }�� ��� � ��~� �(t~� � Ë � �(t�5}�� t � � � �Ntkx*�5} ¸?�!z � } � �T| �~� x(�i�Ê�T|�¨ � Ë � �
�5}i�wt � � � � � }7��{!|Yuw� �Y� {!}�{5� � } � � � t � {�� Îb� |~�(tYt � {!}�t&x��T}
¸§����tY�(� � {k�i� � �(|Yu � }�� � Ë � �k�5}i��t � � � � � }=��{�|~u2� �~� {�}{5�
{!� �~� � � t�z
ª«º�ºI{ � �(|C� � �Nt�� ���Y� �����(s!�(�§{5�Kt � }��!����ª2¬��®É¬ � ����}�x ´�~� {�}�t�¨�{!|&þÓ���ï��ÿ#�÷z À � �N}wª«º�º � �(|g��{!|Yu�t � }=���N|~�(}�xN�k{�}
�Q���i}�x �~� {�}K¨ �Y� ��|Y�(t~�i� ��� t¹�w��{!| � �T|~� � |Y{ � �T�b� �Y� {!}��5� ´
�!{�| ���~� u � } ����� x �I�~� � � Ë � �(t��5}��It � � � �Nt�{5� � �5|d�Tu ´
� � �(|~t��5}�� � } ���~� �5� �%? �(� ��{=x��T�s!�5| � �5¸����(t � }-� � |Y{!��|d�5u
�5|Y����t~�N� � {���� � �N|~u � }�� �Y� � � Ë � �(t#{5� � } � �(|~uQ�(� � � � �·�T}��
{!� �~� � � s!�T| � �5¸i���Nt�z� �i� t*¨ � { � �(s!�(|*¨§|~�65=� � |~�Nt �~� � ��� Ë � �
�5}i�t � � � � � }=��{�|~uw� �~� {!}y¸?� Ì }�{ � }&��{�| � �T|d�Tu�� � �(|Ks!�T| �°´
�5¸i���NtVj �~�i� t � t�s!�N|~Ë�� � ]�x(��� ��� { � }=���(|2�5� � {!uw� �~� x��T����Ë!z
ª«º�ºGÆ t�t � |d� � �(��Ë � t � {����(}��(|C� � � �`� {�s��(|~t � {�}�t�{5� x({!u ´��� ���(��xN{b�i���]{!|#���5x � ����}�x �~� {!} � {!}i� �~� � � �5tYt~��uQ�(t �~� � �

�5��� � } � � � tS�5|Y�S|Y���5�§�5}���{�}�� �Y� � � �Tt~t~�iu��(tS�T���7�T|~�#x({!u ´� ��� Î z� � ��x({�u ��� ���(| �~� �(} � }�t~�N| � t�T} � } ���~� �5�F|Y��} ´`�~� u��� �Nt � � ��Y� ��¸?�N� � }�} � }��2{5��� Î �(x(� �~� {!} � {«��� � �(|Yu � }�� � �C¨� }����Tx � ¨§�5��� � } � � � t&�5|Y�k|Y���5�`z
» � �!��|Y�ðT�� ���(uQ{!}�t � |d� � �(t �~� �-� ¯ �Nx �~� s!�N}��(t~t {5� �~� �
ª«º�º x({!u ��� ���(|�{!} �~� �»§�5��x({�}�¸§�(}�x � uw�T| Ì t#{!}«�¹Ò7��}
Ò � �T|~x O�Y u2�5x ��� }��!z�»i{!| �~�i� t�tY� � {T�kuQ���5tY��|~�(uQ�(} � t*¨
}�{2�5��� ���Y� {�}?�5�FxN{!u �i� ��� ´`�~� u���a��T�!t � �(|Y�¹�it~�(�Xj � � ��� ���
x({�}�t � ���(| �~� �k� ¯ �(x � {5� �~� � �`� {¹�*s!� � �³�5¸����#{ ���Y� u �%? � �Y� {!}
a��T�!t ¸?�N��{ � z�¿�{ � � �Y� � � �~� ��x({!u ��� ���N| � t u�{!t � � ¯ �Nx �~� s!�
{!}Q��{b{ �=´ }��(t �#� } � �(}�t � s!��xN{b�i�(t�z#¼�}Qx({=���(t �Y� � � �5|Y��}�{ �
��{={ �«� } � �(}it � s!���T}�� � |~�(��{�u � }?�T} � ��Ë�� �Y� � �%? � ��� � �=´ ���(s!�N�
{ � �(|C� �~� {�}�t�¨FtY��x � �5tº{z�¨�|&ª«½.�5}���Ò�¼&½¨ �~� ��x({!u ´��� ���(|�t � { � t�}i{ � �(|g��{!|Yuw�T}�x(�«¸§�(}��CÍ � z.Ò=��| � | � t � }�����Ë=¨�~� ��x({�u ��� ���(��x({=���k�Tx � �?�T����Ë�t � { � t·�&tY� � � �=� t~��{ � ��{ � }� } �`� {�{T� �Y� �(tY�¹x��Tt~�(t*z � } �~� �(tY�¹x*�5t~�Nt�¨ � Ë � ��x � �(x Ì=� }i�
�5}i� � Ë � ��� � t � � � x � {5s!�(| � ���T� � tK|~�N�Ê� �~� s!�N��Ë � }�t � �!} � Í§x��5} �
x({�u � �T|~�(� � { �~� � �Y� u�� � � Ì �(}�¸=Ë �~� ���Tx � �§�5�§x({!u � � � � ´�~� {�}Kz
^�tY�(|~tÑuw�*ËP{�¸ � � � }m¸?� �~� �N| � �N|`��{�|~uw�T}�x(�Ñ��|~{�u ª«º�º
¸=Ë2� � |~�(x �Y� }�� ���y� { � �(|g��{!|Yu �T��� ���~� {!}§�5�F{ �i�~� u �%? � �~� {!}�t�~� |~{!�i� �P�Y� �2��t~�Ñ{5��x({�u ��� �³� �Y� {�}LaF�5�!t*z� � �(tY�«{ �i�~�°´
u �%? � �~� {!}it�¨���}�� ��Ì � �Y� �2���C���T��� � {�}��(t*¨·�T|~� � { � �N} �Y� �5����Ë
��}�tC�*���yt � }�x(� �Y� �(Ë�uw�*Ë�¸bË � �����N�b�5�7��{!|#t~{�u�� � |Y{!�!|C�5uQt�z
¼y}��#��}�td�\����{ ���~� u �%? � �~� {!}�¨ � | � �!���(|~�(��¸=Ë�{c!ñ&{ ���~� {!} � {�~� �x({!u ��� ���(|�¨=�(� � u � }?� � �(t��5��� � �(t � t&��{!|�xN{!u � ��� Î�� Ë � �(t
�5}i� �TtS�y|~�(tY��� � ¨=�!�N}��(|d� � �(t#x({=��� �Y� � � �Tt~tY��u����5���=x({!u ´� � � � �Y� {�} � tK{�}|~���T��}=��u�¸§�(|~t*zK¼y¸bs � {!�it~��Ëb¨ �Y��� t ��� ���!}�{ �� |Y{b�i��x(�2x({!|Y|~�(x � |~�Nt~��� � t��]{!| � |~{��!|d�Tu�t{ � �N|d� �Y� }��²{�}
x({�u � ��� Î }=��u�¸§�(|~t*z � } �Y� �¹»§�5��x({!}Q¸?�N}�x � uw�T| Ì t�¨ � { �#´
�(s��(|�¨ �~��� t&{ �i�~� u �%? � �~� {!} � t&� ��� � � x��T¸����{!}��5��� ¸�� � {�}��
{5� �~� ��¸?�N}�x � uw�T| Ì t¹ü]ª2� � ý(z&» � ����|~��T(¸ � ������t � |d� � �(t �~� �
� ¯ �(x � {5� �~��� t&{ �i�~� u �%? � �~� {!}Q{!} �~� ��|Y�(uw� � } � }i���(���(s!�(}
¸§�(}�x � uw�T| Ì t�z
 � �(|Y�·�T|~� }�{ �~� x(���T¸���� � �N|`��{�|~uw�T}�x(� �b� � }�t � }k{�}���Ë �Y� |~�(�
¸§�(}�x � uw�T| Ì t�ü&� � ¨ � º&¨b½��ý(z�¬�t#u��(} �~� {�}��(���5¸§{5s!�!¨ �~� �
���C�`�5��� � ¸?� � �*s � {�| {5�Kª«º�º � t � {�!�(}i�(|d� � � �`� {ks��(|~t � {!}�t
{5�KxN{!u �i� ���(��x({=��� � } ����� x � {!}i��s!�N|~t � {�}w�5tYt~��uQ�(t �~� � �
�5��� � �5|C�5uQ� � �(|Yt��5|Y�w|Y���5�`z � } �Y��� t¹s��(|~t � {�}K¨ �Y� �2x({!u ´��� ���(| � t��t~�§�5����ËV�T¸���� � {«��� � �(|~u � }�� �Y� � � �5��� � } � �(|~uQ� ´
� � � � � �T}�� {!� �Y� � � s!�T| � �5¸����(t�T|~��|~���T�·�Tt � �(���`z � � �Y��� t� t �~� � x��Tt~�!¨ �Y� �«x({�u ��� ���(| ��� �����(� � u � }?� � ���5����x � �Nx Ì t
��{�|�x({�u � ��� Î s!�T���i�(t�zy � �{�}���ËV�T��� ���~� {�}?�5�K�T��s!�5} � �T�!�
¸�|Y{!��� �b� ¸=Ë �~� �+c�ñ�{ ���~� {�} � t � {��N� � u � }§� � � �Y� � � } ���Y� �5�� �Nt � {!} � } � � � s!�5�����(t ���i� x � ¨F�Tt�t~�N�(} � }«» � �!��|Y�»T(¸K¨ � t
}��(��� � � � ¸����!z�[�{ � �(s!�(|*¨#|~���T� � } � � � s!�5| � �T¸����(t¹u2�*Ë«}�{ �
}��(xN�(t~tC�5| � ��Ë � u � ��ËQ|~���T� � } � �(|~uQ�(� � � � �¹{�|&{!� �Y� � � s!�T| �°´
�5¸i���Nt�zûº#�N| � � � }m{ � �(|d� �~� {!}it�¨#t~��x � �Tt�� t�5=�?�T|~�«|Y{b{ � ¨
uw�*Ë � |Y{b�i��x(�x({�u � ��� Î s!�5�����Nt���|Y{!u |Y���5��{!}��Nt�z � } �~� �� |Y�(t~�(}ix(��{5��t~�ix � { � �(|C� �~� {�}�t�¨ � Ë � � � }7���(|~�N}�x(� ��� ���§��� � �� {��(� � u � }?� � �S�5��� � Ë � �yx � �(x Ì t*z�»�{�|�� Î �5u � ���!¨ � } �~� � � } ´



AQ CG CN Di FD Ga IC Mei EC RK QMR SOR
0

10

20

30

40

50

60

70

80
E

xe
cu

tio
n 

T
im

e 
(s

ec
.)

Original
Compiled

AQ CG CN Di FD Ga IC EC RK QMR SOR
0

10

20

30

40

50

60

70

80

E
xe

cu
tio

n 
T

im
e 

(s
ec

.)

Original
Compiled
Compiled −r

ü���ý{� ¯ �Nx � {T� Ò��\���º#{!u �i� �³� �~� {!} ü³¸§ý{� ¯ �Nx � {5�A^y}�td�\���&SË � �¼ �i�~� u �%? � �~� {!}

CG Di FD IC Mei QMR SOR
0

10

20

30

40

50

60

70

E
xe

cu
tio

n 
T

im
e 

(s
ec

.)

Original
Compiled
Compiled −i

CG Di FD IC QMR SOR
0

10

20

30

40

50

60

70

E
xe

cu
tio

n 
T

im
e 

(s
ec

.)

Original
Compiled
Compiled −r
Compiled −i
Compiled −ir

ü³x�ýe� ¯ �(x � {T�A^y}�td�\���&¬�|~|C�*Ë � {!��}i��tk¼ ���Y� u �%? � �Y� {�} ü³�?ý# { � �5�X� ¯ �(x � {5��^�}�tC�*���¹¼ ���Y� u �%? � �Y� {!}
» � ����|~�iT � ªÑº�ºmº#{!u ��� �Ê� �~� {!}

x({�u � ��� � �¹º � {!���(t Ì Ëw¸§�(}�x � u2�5| Ì ¨i���5x � x({!����uQ}2{5� �~� �
uw� � | ��Î�� t�tYx��5���(�;¸=Ë �~� �²t�5b�§�5|~�Ñ|~{={ � {5� �~� �Ñ� � �5�!{ ´
}?�T�K�(���(uQ�(} � z{� s!�N} �~� {���� �Ñ�~� � � } � � � u2� � | ��Î�� t�|Y���5�`¨
ª«º�º � t&��}§�5¸���� � { � }=���(| �~� � �&�~� ��|~�Nt~��� � u2� � | ��Î���� ���
�5��tY{�¸?�|Y���5�`z � } �~� �Nt~��x��5tY�(t�¨ �Y� �Ec�ñ�{ ���~� {�}K¨ � � � ��� � �°´
x��T¸����!¨�x��T}2}�{ �Y� xN���5¸���Ë��(} � �5}�xN� � �N|`��{�|~uw�T}�x(�!z

Þ4��� ß<àÌà����âáNã�ä��4��À�òf��ó!£Ð½~£�Á���ó!£�ã��

 � �ª«º�º�xN{!u �i� ���(|Z��{=�(t�}�{ � { �i�~� u �%? ��� � �*Ë �T}=Ë��5| ´
|d�*ËÑ¸?{���}���tx � �Nx Ì t*z»[y{ � �(s��(|�¨ �~� � � |Y{!�!|C�5uQu��(|�x��T}� | � �!�!�N|¸?{���}���t�x � �(x Ì �(� � u � }?� �Y� {�}2¸bË ��t � }i�²�5}�{ �~� �N|
x({�u ��� �³� �Y� {�}ÓaF�5�2ü �~� �Ec�Cea��5�=ý(z ¬�ty���(tYx(| � ¸§�(�«���T|~� � �(|�¨�~�i� t � t¹}i{ � td�*�]���(s��(}���{�|¹xN{!|~|Y�(x �Q� |~{��!|d�Tu�t&¸§�(x��5�it~�
{!� �`´ {5� ´ ¸?{���}���t � | ��� �(t � {¹�5}��T|~|C�*Ë��5|~�y��t~�N� � { � | � �!�!�N|
��Ë=}?�Tu � x&|~�(t �¦?N� }i�?z�»i��| �Y� �(|Yu�{!|Y�!¨ � � �Y� ��x({=��� � �Tt �T}
{!� �`´ {5� ´ ¸?{���}���t |Y���5���Tx(x(�(tYt�¨ �~� �Sx({�u ��� ���(�xN{b�i���!�(}��N| ´
� � �(��¸=Ë���t � }�� �~��� t�a��T�uw�*Ë � |Y{=����x(�&� ���~� �(| � }�xN{!|~|Y�(x �

|~�Nt~��� � ty{!|�x�� � �Tt � |Y{ ���i� x&�(|Y|~{�|~t�z
� } �~� �#»?�T��xN{!}&¸?�N}�x � uw�T| Ì t�¨*¸§{!��}��itKx � �(x Ì �(� � u � }?� �Y� {!}� t�s!�T� � � � }«t~�Ns!�(}�{T� �~� � �`� �(��s!� � |Y{!��|d�5uQtü � } �Y� �¹|Y� ´
uw� � }����(|*¨ �~� � � } � �(| � |~� � �(|�� ���~� �(| � �5� � t �����Y� �5}&�(|Y|~{!| {�|� |Y{b�i��x(�(t � }�xN{!|~|Y�(x � |~�Nt~��� � tCý(zy � ��� ¯ �Nx � {5�S��t � }�� �~� �
c�C�xN{!u �i� ���(|ïa��5�{�} �~� �Nt~� � |Y{!��|d�5uQt � t#t � { � } � }2» � � ´
��|Y�ÓT(x!z� � �(|Y���5|~��tY��¸�t � �5} �Y� �T� � u � |~{5s��(u��N} � t � } �Y� |~�(�
{5� �Y� �t~�Ns!�(}«¸§�(}�x � u2�5| Ì t#�]{!| ����� x �«�~�i� t�aF�5� � t����(�b�T�
ü)� � ¨?»���¨ � º�ý(z§ � ��|~�(u2� � } � }��¸§�(}�x � u2�5| Ì t � |Y�(��{�u �°´
}?�T} � ��Ë�� �Y� � �%? � �i� � � �(| ´ ���(s��(�5���i}�x �~� {�}�t��T}��x({�} � � � }y��� � ¨� � �T}bË=¨=t~�i¸�t~x(| ����� �(�Ñ|~�C���N|~�(}�xN�(t � {��T|~|C�*Ëbt*z

Þ4��Þ ¼<£)À� �äïÀ�À!£�ã4�

 � �I{5s!�(|C�5���� ¯ �(x � {5��x({�u ��� �³� �Y� {�}K¨���t � }��mx({�u ��� ���(|
a��T�!t � {��(� � u � }?� � � � Ë � ���5}i�«t � � � ��x � �(x Ì t¹�5t � �N�����Tt
�5|Y|d�*Ë�{�� � {5� ¸?{���}���t�x � �(x Ì t ��� �(|~�&���(�b�T�`¨ � t�t � { � } � }



» � �!��|Y�ET(��z4� � � u � }?� �Y� }i� � Ë � �&x � �(x Ì t�¸=Ë���t � }�� �Y� �yc�ñ
a��T� � tF��t~�÷����� � } �~� �{� � ¨ � º��5}i�¹½{��¸§�(}�x � uw�T| Ì t ����� ���
�(� � u � }?� �~� {!}�{5�S�5|Y|d�*ËQ¸?{���}���tyx � �(x Ì ty¸=Ë���t � }i� �~� �Ec�C
a��T� � t&u�{�t � � ¯ �(x �Y� s�� � } �~� �»� � ¨K»�� �5}i� � º-¸§�(}�x �=´
uw�T| Ì t�z�¿y{ � � �~� � ����� �(}û� xN{!u �i� ���(|9a��T� � t��i}�td�\���
��{�|�� � |~{��!|d�Tu²¨ ��� uw�*Ë�t �~� ���F¸?� � {�t~t � ¸���� � {w� ��� ��Ë �~� �
x({�|~|~�Nt � {!}�� � }��Q{ ���Y� u �%? � �Y� {!} � {��÷��t � � � {!| �~� {!}2{5� �~� �� |Y{!�!|C�5u z � } �~� �:z�5���(| Ìb� }2¸§�(}�x � uw�T| Ì ¨=�]{!|�� Î �5u � ���!¨
��Ë=}?�Tu � xS|Y�(t �%?(� }���{=x(x(��|Yt �����~��� } �~� ������}ix �~� {!}�¨b�T}���tY{�~� ��c�C�{ ���~� {�} ��� �������(}��(|C� � �w�N|~|~{�}��({���t�x({=���!z�[�{ �#´
�(s��(|�¨ ��� ��{=�(t�}�{ � {=x(x(��| �����~��� } �~� � � }i}��(|~uQ{!t � ��{={ � ¨��� �(|Y���5|Y|d�*Ë&¸?{���}���t x � �(x Ì tS�T|~�#u�{!t � � Î=� �N}�t � s!��z � �N| ´
��{�|~uw�T}�x(��uQ���5tY��|~�(uQ�(} � t�� ���Y��� t�Í?}i�(|����(s!�(��{5�K��|d�5}=� ´
�³�5| ��� Ë2|Y�65=� � |~�w�Tx(x(�(tYt � { �~� ��ª«� �~� À {�| Ì t � } � �(| � |~� � �(|
�5}i�wxN{!u �i� ���(|*z

ô õ Å�Çy¤�¦�l�ö2tEl ë lXì9÷8m�£�È�x È�øF¥�£�È~Å Ä ¢

� } �~��� t&t~�(x �~� {!}K¨ � �¹� � tYx(��t~t�t~{���|~xN� ´ ���(s��(� � |d�T}�t`�]{!|~u2� ´�~� {�}�t {5��ª2¬Z�®F¬ ��� |~{!��|d�Tu�t��T}���t � { �I� { ���~� �NË¹x��T}
¸§�«��t~�N� � {�|~�(���ix(� � } � �N| � |Y� �~� s!� {5s!�N| � ���T�Kz;¬ � Í?|Yt �
�!�³�T}�x(�!¨ �~��� t�uw�*Ë�tY�(�(u � {�¸?�¹��xN{!��} � �N| � } � � ���~� s�� � ���*�
t � }�xN� �~� �Q�Ê�T}��!�§�5�!� � |~{5s � ���(t}i{w� � |Y�(x � u����T}�t&{5� � } ´
t � |~��x �~� }����5} � } � �(| � |~� � �(| ��� �N}V�T}�� ��� �(}2}�{ �#� { � �N| ´
��{�|~u	s!�5| � {���t&x � �(x Ì t�z�	���ÿi��ÿV�L���K�6�� V�b(G�%�»(¦�b�!(G(%��ÿ#�÷ÿ
I!�*ÿ>;���ÿ��!�����!;Yÿkþ:I2�6(p�6�� ���� �4���!�b(A���i�¦I>I����ùX�6IÓ�%IVI�$�����!�
HCÿu(&;����K��ú6I!;Nþ¹ÿ��8(&IPÿ#�¦� þE���b�!(]ÿu���b(�ÿ>;&¡;YÿV(&���*ÿLI!�*ÿ>;���ÿ��!��û� } �~��� t�t~�(x �Y� {!}K¨ � ��� � t~x(�it~t �Y� |~�N�S� �°¯ �(|~�N} � t~{���|~x(� ´ ���(s��(�� |C�5}�tg��{!|Yuw� �~� {!}�t��T}���t � { �m� { ���~� �(Ë � u � |~{5s!� �~� ���C� ´
Í?x � �(}ix(Ë�{5��{���| � {!| Ì�´ ��{b�T�Kz � } �Y� ��}i� Î=� tY�(x �~� {�}K¨ � �
x({�u � �T|~� �~� �Nt~� � �(|`�]{!|~u2�5}�xN� � u � |~{5s��(u��(} � t �����~�2�~� �� �(|`��{�|~u2�5}�x(� � u � |~{5s��(u��(} � t�{!¸ � � � }��N�9¸=Ë �~� �²ª«º�º
x({�u ��� ���(|�z

ü��&� ý»�� Kó2ãAàK£�Á���ó!£�ã��

���(x � {!| �%? � �Y� {�} � |d�5}it`��{�|~u�t&��{={ ��� |Y{!��|d�5uQt � } � { ��� � �=´
���(s!�N��uw� � | ��Î { � �(|d� �~� {!}�t*z  ��� t � t t � u � �Ê�T| � {&s!�Nx � {�| �%? � ´�~� {�} ��{!|s��(x � {!|tY� � �N|~x({�u � � � �(|~t>j � }�¸§{ �Y� x��5tY�(t�¨ �~� �Ì �NË � t � {�uw� � ��tY�65=���(}�xN��{5��{ � �(|d� �~� {!}it�{!}«�5|Y|d�*Ë��N� ´
�(uQ�(} � t � } � {�{�}��«{�|�u�{�|~� ��� � �7´ ���(s��(��{ � �(|C� �Y� {�}�t�{�}
�(} �~� |Y� �T|~|d�*Ë=t*zk¼y} s!�(x � {!| � �T|~� � �5|Y�!¨ �~� �(t~���5|Y|d�*Ë2{ �=´
�(|C� �~� {�}�t�x��T}�¸§��� Î �(x(� � �(�2u�{!|Y�S��]�x � �(} � ��Ë �Y� �5}���{={ � t�����~� tYx��5�³�T|k{ � �N|d� �Y� {!}�t*z&¬ t � u � �³�T|��b� � } � }«��]�x � �(}ix(Ë� t � {!tYt � ¸���� � }«ª2¬��®F¬ �û� } � �N| � |Y� � � �~� {!}Kz&®F{={ � t�tY��{ �
��{ � }²ªV¬��®F¬ �-� |~{��!|d�Tu�t�¸=Ë2uw�T�!} � ��Ë � }�� �Y� �¹{5s��(| ´� ���T��{T�Kt � � � �(uQ�(} � t�xN{!} � � � }i�(� �����~��� } �Y� ����{={ � z�¬�}=Ë� Ë � �&x � �(x Ì t�{�|��5|Y|d�*Ë�¸§{!�i}���t�x � �(x Ì t � �(|`�]{!|~uQ�(�2{!}2�
t � � � �(u��(} � �����~��� } �~� �y��{b{ ���� ���b¸§��|Y� � ��� � �(����{�| �(s!�(|YË

��� �(|C� �Y� {�}��(s!�(} �~� {!��� � u��i� �Y��� ����x � �(x Ì t2u2�*Ë�¸?�«|Y� ´
����}i�?�5} � z�[y{ � �Ns!�(|*¨���{!| ��� � � �N|S���(s��(��ªV¬��®F¬ � { � �N| ´
� �Y� {!}�t �~� � � �Tx � {!}��(} �~� |Y��uw� � | � x(�(t��T}���s!�(x � {!|Yt�¨ �Y� �(t~�
x � �(x Ì t�5|~� � �(|`�]{!|~uQ�(�2{!}���ËQ{!}�x(��z4[��N}�x(�!¨ �Y� � � �(|`�]{!| ´
uw�T}�x(�¸§�(}��÷Í � {T� ��� � � ���(s!�N��{ � �N|d� �Y� {!}�tx*�5} ¸?��s��(|~Ë
�³�5|Y�!�!z
º#{!}it � ���(| �~� � � Î �(x(� �Y� {!} � |~{TÍ?��� {T� �Y� �þz�5���(| Ìb� }
¸§�(}�x � uw�T| Ì2� }«» � ����|~�EU���z� �i� ty��{b{ � }��(t � |Y� � |~�Nt~�(} � t
��t~u2�5��� � {�| �~� {�}w{T� �~� � � |~{!��|d�Tu ¸�� ������� t�x(�����5|Y��Ë �~� �
¸§{ �~� ���(}��(x Ì � } � �(|`��{�|~u2�5}�x(��t � }�xN��S!h�ÿ©{5� �~� ��� Î �Nx(� ´�~� {�} �~� uQ��{5� �~� �&�(} �Y� |Y� � |Y{!�!|C�5u � t�t � �(} �y�����Y��� } �Y��� t
��{={ � }��(t � z4[y{ � �(s��(|�¨ �~� ���(} �~� |Y����{={ � }��(t � x��T}�¸?�ys!�(x ´� {�| �%? �(� ¸bËI|~���T� �¦?N� }i� �~� � ������� t��Tx � �?�T����Ë � �(|g��{!|Yu � }��
��s��(x � {!| ´ uw� � | ��Î�´ s!�(x � {!|Qu���� �~��� � � x�� �Y� {!}Kz À � �N} �Y��� t
��{={ � }��(t ��� t�|~� � �³�Tx(�(��¸bË&�65=� � s!�T���N} � u2� � | ��Î�´ s��(x � {�|F{ �=´
�(|C� �~� {�}�t�¨ �~� �|~�(tY��� �~� }�� � |~{TÍ?��� � tk�5tyt � { � } � }²» � �!��|Y�
U5¸�z� ��� t � |d�5}it`��{�|~uw� �~� {!}Q�(} � �T}�x(�(t �~� � � �(|g��{!|Yuw�5}ix(�
{5� �Y� �¹��{={ � }��Nt � ¸=ËV���`�5x � {!|�{T� O Q Y ¨?�T}�� �~� � � �(|`�]{!| ´
uw�T}�x(� {5� �~� �#�(} �~� |~�#¸§�(}�x � uw�T| Ì&� t � }�x(|Y���5tY�(��T Y!Y\´ �]{!���X`
¼¾� xN{!��|Yt~�!¨&s��(x � {�| �%? � �~� {!} � tw}i{ � �T� � �*Ë=tw� ��� � � x��5¸i����z
ª«�T}bË � |~{��!|d�Tu�t�t~��x � �5t�º{z;�5}��i|&ª«½ � } �Y� ��»?�T��x({!}
t~� ��� ���5��|~�*�5��Ë2� Î=� �N}�t � s!�N��Ë � �Y� � �%? � ��� � � �N| ´ ���Ns!�(��{ � �N|d� ´�~� {�}�tk�T}��²xN{!} � � � }Ñ}�{���{�| ´ ��{b{ � t�z � }Ñ{ �~� �(| � |Y{!�!|C�5uQt�¨
t~�ix � �5t �Y� �<� � | � x � ��� � xN{b�i� � }û» � ����|~��P§¨�� Î=� �N}�t � s!�
��{�| ´ ��{={ � tK� Î=� t � ¸�� � x��T}�}�{ � ¸§�Su2� ��� �(� � { ��� � � �N| ´ ���Ns!�(�
{ � �(|C� �~� {�}�t�z � } �~��� t&x��Tt~�!¨ �~� ����� � �(}��i�(}�x(�(t��i��� � {��� |Y�(s!�(} � � ���~� �(|K{T� �Y� � ��{�| ´ ��{b{ � t§��|Y{!u;¸?� � }���s��(x � {!| �%? �N�Kz
���(x � {!| �%? � �Y� {�} � t�� �i� � � x*�5¸���� � {�Í?s��k{T� �Y� � �`� �(��s��k»§�5� ´
x({�}�¸?�(}ix � uw�5| Ì t�zQ � ��� ¯ �(x � t�{�}����5x � {T� �Y� �(t~�QÍ?s��� |Y{!�!|C�5uQt � t&t � { � } � }P» � �!�i|~� O �iz � } �`� { � |~{!��|d�Tu�t
ü�»���¨�z��ý(¨ �~� �&� ¯ �(x � t �T|~�y��|d�Tuw� �Y� x�t � }�x(� �~� �(Ë�|Y�(t~��� �� }2u�{!|Y� �Y� �5}LU Y\´ �]{!��� � u � |Y{5s!�(uQ�(} � t�z � } �~� �Nt~�x��Tt~�(t*¨
s!�Nx � {�| �%? �5¸i������{={ � t � �(|~��|Y�(t � {!}�t � ¸����#��{!| }����T|~��Ë¹�T��� �~� �
{!| � � � }?�5�§� Î �(x(� �~� {!} �Y� u��!z � }2{�}��&x��5tY��ü)� � ý(¨ �Y� �&� ¯ �Nx �� t¹u � }�{!|*zL[��N|~�!¨ �Y� �2s!�(x � {!| �%? �5¸����Q��{={ �P� {={ Ì {!}���Ë��
u � }�{�| � {!| �Y� {!}2{5� �~� �&{!| � � � }?�5�§� Î �(x(� �~� {!} �Y� u��!z

ü���� �»à��$������ãï '��ó!£�ã��

¬�t�� � t~xN��t~tY�(� � }�Ò=�(x �Y� {!} O z O ¨�|~�(t �¦?N� }i�²{T�k�5|~|C�*Ë=t¹x��T}
|~�Nt~��� �&� }wt � �!} � Í?x��T} � u��(uQ{!|~Ë�uw�T}?�5���(u��N} � {5s!�N| � ���T�
����� � {�|Y� � ��� � �(�²|Y���5����{=x�� �Y� {!}w�T}��«x({ � Ë � }��§z � }«u2�5}=Ë
x��Tt~�(t*¨ �~� �QÍ?}§�5��t �%? �2{T� �Y� �«�5|Y|d�*Ë�x��T}9¸§�2���5t � ��Ë � } ´
���(|Y|~�(��z À � �(} �~�i� t � t �~� �«x��5tY�!¨ ����� tQ{5� � �(}mtd�\��� � {� |Y���5����{=x�� � � �~� �Q�(} �~� |~�2�5|~|C�*Ë � � {!}ix(�!z²º#{�}�t � ���N| �~� �
{!| � � � }?�5�§x({=���&�]{!| �~� �E� �����(| ´ º#|~{�u��(| � |~{��!|C�5u � }«» � � ´
��|Y�EQ!�iz
W!h�ÿ {5� � |~{!��|d�Tu�� Î �Nx(� �~� {�} �Y� u�� � tSt � �N} ��� } �Y� �&� � }��Nt



CN Di FD Ga IC
0

10

20

30

40

50

60

70

80
E

xe
cu

tio
n 

T
im

e 
(s

ec
.)

Original
Transformed

CN Ga EC RK
0

10

20

30

40

50

60

70

80

E
xe

cu
tio

n 
T

im
e 

(s
ec

.)

Original
Transformed

ü]�!ý{� ¯ �(x � {5�4���(x � {!| �¦? � �~� {�} ü³¸?ý{� ¯ �(x � {T� � |Y���5����{=x�� �Y� {!}

EC RK QMR
0

10

20

30

40

50

60

70

E
xe

cu
tio

n 
T

im
e 

(s
ec

.)

Original
Transformed

AQ CG CN Di FD Ga IC Mei EC RK QMR SOR
0

10

20

30

40

50

60

70

80

E
xe

cu
tio

n 
T

im
e

Original
Transformed

ü³x�ýe� ¯ �Nx � {T��� Îb� |~�(tYt � {!}²¼ ���Y� u �%? � �Y� {!} ü³�§ý#�{ � �T�¡� ¯ �(x � {T� Ò={���|~x(� ´ ���(s��(��¼ ���Y� u �%? � �Y� {�}�t
» � ����|~� O�� Ò7{!��|Yx(� ´`� { ´ Ò={���|~x(��¼ �i�~� u �%? � �~� {!}�t

t � { � }Kz � } �~��� t#x��5tY�!¨=���Tx � {5� �Y� �k�T|~|d�*Ë=t#t � { � }��T¸?{5s��� t&��}����CÍ§}��(� � | � {!| � {2� Î �(xN� �~� {!}�{T� �~�i� t���{={ � ¨§t~{ �~� �
�5|Y|d�*Ë � t�|Y�(t �%? �N�²{�}w�*�5x �2��� �(|d� �~� {!}2{T� �Y� �&��{b{ � z�[�{ �#´
�(s��(|�¨ ���Q� t�xN���*�5| � } �~�i� tQx��5tY� �~� � � �i� �Y� uw� � �(��Ëb¨����Tx �
�5|Y|d�*Ë ��� ����¸§��{5�����(}�� �Y�ué��	��
� zÏ � �(|~� � t}i{ � �*Ë � {
���(xN�Ê�T|~� �~� �yt �%? ��{T���&uw� � | ��Î&� }�ª2¬��®É¬ � ¨!¸i� � �T} � } ´
� � |~�Nx �S� �*Ë � {¹�5x(xN{!u � � � t ��~� �ytd�Tu��#�!{b�T� � t � {��tY� �~� �
� 
 ñ�� � { � �(|d� � {�| �~� � � x(|~��� � �(t2�5}��5|~|C�*Ë�{5��«���Nt � |~�(�
t �%? ���5}�� � } ���~� �5� �%? �(t ��� t�s!�T���i�(t � { Y z  � �N|~�C��{�|~�!¨§t � � � � ´
u��N} � t¹{T� �Y� �Q��{!����{ ��� }��Q��{!|YuÓx��5}�¸§�2��t~�(� � {��*s!{ � �
|~�Nt �%?(� }�� �

ª����2©��L¬�� ¸ ª!©	� µ �Ï�¯���� ¸ �$¶�·

À � �N} � |~���T����{=x�� �~� {!} � t���{!}i���]{!|��5�����T|~|d�*Ë=t*¨ � �2{!¸ ´� � � } �Y� � � |~{5Í§����t � { � } � }�» � ����|~�iQ5¸Kzi���Tx � {T� �Y� �(t~�
t � � � �(u��(} � t � tS}�{ � t � �!} � Í§x��5} � ��Ë����5t � �(|yü³¸=Ë �k���5x � {!|#{5�
u�{�|~� �~� �5}�t~�(s��(}?ý(z ¬yt���|~�Nt~��� � ¨ �~� �#�(} �~� |~�#¸§�(}�x � uw�T| Ì� t#���5t � �(|�¸=Ë2�&���Tx � {�|�{5��|~{���� � ��Ë��]{!��|*z

^�}7��{!| � ��}?� � �(��Ë=¨#t � u � ��� � |Y���5����{=x�� �Y� {�}9�Ttw�5¸§{5s!�Ñx��5} ´
}�{ � �(� � u � }?� � �·�T��� � }�t � �T}�x(�(ty{5���iËb}§�5u � x�|Y�(t �%?(� }��§z�»�{�|
� Î �5u � ���!¨ � } �~� �&¬�| x({=���!¨ �Y� �yÍ?}?�T�Ft �%? �&{5� �~� ��5|Y|d�*Ë
x��T}�}�{ � ¸§����� � �(|~u � }i�(� � � | � {!| � z À ��� ����u�{�|~��xN{!u � ��� Î
t � |d� � �(� � �Nt�t~��x � �Tt � |Y���5����{=x�� �Y� }i�¹�5}��(t �~� uw� � �(��t �%? ��{�|
� Î=� � � x ��� ��Ë��!|~{ ��� }�� �~� �&�5|~|C�*Ë � }��5}�� Îb� {!}i�(} �~� �5�Fu2�5} ´
}��(|�u2�*Ë&|~�(���ix(� �~�i� t#x({�t � ¨ � � � �*s!��}i{ � � �~� �(u �i� �(� � {
��{�tY{ � } �~��� t � � � �N|�z
» � }?�5����Ëb¨É�(s!�(} ��� �N} � |Y���5����{=x�� �Y� {�}�x��5}I¸?�Q��{!}i�!¨ �~� �� �(|`��{�|~u2�5}�x(�Q¸?�N}��CÍ � t ��� ���S� �°¯ �(|���|Y{!u	x��5tY� � { x��5tY�!z
 � ��� �����(| ´ º#|~{�u��(|�x({=���2|~� � |Y�(t~�N} � tw�2|Y�(�³� �Y� s��(��Ë²� Î!´� |Y�(u��&x��Tt~�t � }�x(�tY�(s!�(|C�5��{!}��� � uQ�(}�t � {�}?�5�§�5|~|C�*Ë=tk�5|Y�
|~�Nt �%? �(�K¨�T}�� �Y� � Í?}?�T��t �%? ��{T����5x � ü³{5s!�N|fgi¨ Y!Y!Y ý � t
��� � |Y��Ë²�³�5|Y�!�!zI¬�t�uQ�(} �~� {!}i�(� � }9Ò7�(x �~� {�} O z O ¨ �~� �w|Y� ´
t �%?(� }���{5s!�N| � ���T� � t#t � �!} � Í?x*�5} � ��Ë����Nt~t �����Y���`� {� � u��N} ´
t � {�}?�5�K�T|~|d�*Ë=t*z
�yË=}?�5u � x&�5|Y|d�*Ë2|~�(t �%?(� }��2{bxNx(��|~t � }2Í?s��¹{T� �~� � �`� �N��s��
»§�5��x({!}�¸§�(}�x � u2�5| Ì t*z � }���{���|{T� �~� �(tY�2x��5tY�(twü ¬�| � t



�!ý�¼y| � � � }§�5�Xz�T���N| Ì=� }wº#{=��� �
�	��®d¨!©>ªÄ«�¬��®��

Â��Ðå�����Ï ! "�!Â�® ´ � ¸$# �f¬&%2©	� µ2µ «6æK2¶ ³ ��« ³6´�'	( ¶�·
Â��Ðå	�	��Ï ! "���® ¨!©>ªuÎ>¬��®��
*)��+�	)	��Ï-,	,� "�!å�® �	.$« µ0/ ¶:¬1�	.$« µ0/ ¶ ±�²�µ «�ÏÐÎK¶ ³>´ � ¸$# � ³ %V©	� µ>µ Î2æ!2¶ ³ �$« ³>°2'	( ¶K·��Ðå	)	��Ï43� "����® ¸ ¯!¹
Â��ÐÂ	�	��Ï Â� "�	�X® ¸ ¯!¹

¸?ý� |C�5}�tg��{!|Yu��(�»z�T���(| Ì=� }wº#{=��� �
Â��ÐÂK*��Ï ! 5�	��® ´ � ¸$# ��6	� ¸ ¬&%2©	� µ2µ Â�®��!æK>¶ ³ �$« ³#´�'	( ¶�·Â��ÐÂ	)	��Ï4�� "�!Â�®7�	.$« µ0/ ¶i¬8�	.$« µ0/ ¶ ±�´ � ¸$# ��6	� ¸2³2²2³ %2©�� µ2µ Â�®9�!æK>¶ ³ �'« ³#°�'	( ¶�:�·

» � �!��|Y�dU � � ¯ �(x � {T�4���(x � {!| �%? � �~� {!}Q{!}Lz�T���N| Ì=� } � �(}�x � uw�T| Ì

¼y| � � � }?�T�X� � | � x � ��� � º#{=��� �
;	��®d¨!©>ª�Î>¬!å�® µ0# æK2¶KÏÂ��+32å	��Ï ! 5;��X® ¨!©>ª8«�¬!å�® µ ¯ÌæK2¶�Ï�	���+�K*��Ï-;	�� 5;	;�® ª ¸ � ´ ¬�< ³�µ0=Aµ «�ÏÐÎ ± >¶ ±*=Aµ «KÏÐÎ2æ!2¶ ±�=Aµ « ± �ÏÐÎ�¶ ±�=Aµ «6æK�ÏÐÎK¶6æ�� ³$= µ «�Ï&ÎK¶2¶K·

å2Â��+�	�	��Ï-�2å� 5;	)�® =Aµ «�ÏÐÎK¶:¬ =Aµ «�ÏÐÎK¶ ± ª ¸ � ´ ·)���*�	��Ï:6Â� 5;	3�® «�¨ µÐ¸ ª2ª�>>¬ ²$? � µ ª ¸ � ´ ¶2¶
Â��ÐÂ	)	��Ï Â� 5;	,�® ¸ ª2ª2¬ ²$? � µ ª ¸ � ´ ¶�·
Â��ÐÂ2å	��Ï Â� 5;	��® ¸ ¯!¹å���*�	��Ï4�� 5)2Â�® ¸ ¯!¹
Â��ÐÂ	;	��Ï Â� 5)K�® ¸ ¯!¹

» � ����|~�GP � � � | � x � ��� ��� �N}�x � uw�T| Ì

�!ý�¼y| � � � }§�5�X� �����(| ´ º#|Y{!uQ�(|·º#{=��� �
*,�®9¨!©>ª8«*��� ¸ �!¬��®�¯��$� ¸ �,��+3	;	��Ï:*,� 8*��® ª����2©�� µ «*��� ¸ �$¶9¬L¯Ì©>ª #Aµ ª�¶�·,��ÐÂ	;	��Ï:*3� uå2Â�® ��.	���2©�� µ «*�*� ¸ ��¶:¬ ² � ² ¯Ìå µ ª µ å�¶�Ï&ª µ >¶2¶�·)��+�	�	��Ï:*;� uåK�® �����2©�� µ «*��� ¸ �$¶9¬"��« #Ì¸ ·,��+,	�	��Ï:*�� uå2å�® / «�¯ ¸ ��«*% µ «@��� ¸ �$¶Ó¬A�+; ³$#Ì² �	� ³ ¯Ì©>ª #Aµ0B ¶	C�å�·,������	��Ï:*,� uå	��® �Ì©�� ¸ ¯���« ² � µ «*�$� ¸ �'¶9¬8æ8D	E ³$#Ì² �	� ' ¯!©>ª #Xµ ªÌ¶�·�	�	�

Â���*;	��Ï Â� �å	��® ¸ ¯!¹

¸?ý� |C�5}�tg��{!|Yu��(�»� �i���N| ´ º#|~{!uQ�(|�º#{=��� �
*,�®9¨!©>ª8«*��� ¸ �!¬��®�¯��$� ¸ �

���6å	��Ï:6Â� 8*��® ª����2©�� µ «*��� ¸ �$¶9¬L¯Ì©>ª #Aµ ª�¶�·
Â��+,	;	��ÏF3� �å2Â�® ��.	���2©�� µ «*�*� ¸ ��¶:¬ ² � ² ¯Ìå µ ª µ å�¶�Ï&ª µ >¶2¶�·
Â��Ðå�����Ï å� �åK�® �����2©�� µ «*��� ¸ �$¶9¬"��« #Ì¸ ·��+3	,	��Ï:*;� uå2å�® / «�¯ ¸ ��«*% µ «@��� ¸ �$¶Ó¬A�+; ³$#Ì² �	� ³ ¯Ì©>ª #Aµ0B ¶*GC*HJI2å�·
����	����Ï:*�� uå	��® �Ì©�� ¸ ¯���« ² � µ «*�$� ¸ �'¶9¬8æ8D	E ³$#Ì² �	� ' ¯!©>ª #Xµ ªÌ¶�·�	�	�
Â���6å	��Ï ! �å	��® ¸ ¯!¹

» � �!��|Y�dQ � � ¯ �(x � {T� � |Y���5����{=x�� �Y� {!}�{�}L� �����(| ´ º#|~{�u��(| � �(}�x � uw�T| Ì



�!ý�¼y| � � � }§�5�X|&ª«½-º#{=��� �
*����6Â	��Ï-32Â� 5;2Â�®K<�6����>¹L¬ µML : ³�N ¶�æ µO?Ì¸ � ²2³ < ¶�·

¸?ý� |C�5}�tg��{!|Yu��(�»|&ª«½-º#{=��� �
Â��+,2Â	��Ï4�� 5;2Â�®K<�6����>¹L¬ µMN : ³�L ¶�:yæ µO?Ì¸ � ²2³ <<¶�·

» � �!��|Y�Óg � � ¯ �(x � {5�ï� Îb� |~�(tYt � {!}²¼ ���Y� u �%? � �Y� {!}�{!}L|&ª«½ � �N}�x � uw�T| Ì

�~� �k� Î xN� ���~� {�}?ý(¨ �Y� �&�(s!�(} � �?�5�Ft �¦? �k{T�K|~�(t �%? �(�²�T|~|d�*Ë=t � t
���Tt � ��Ë¹��� � �(|Yu � }��(�Kz » � �!��|Y� O ¸ ��� � � � � � �b� t �~� �y� ¯ �Nx � {5�� |Y���5����{=x�� �Y� {�}�{�} �Y� �(tY�&��{!�i|�¸?�(}ix � uw�5| Ì t�z

ü���Þ PRQ���à��¡À�À!£�ã4�Ùòf��ó!£Ð½~£�Á���ó!£�ã��

» � }?�5����Ëb¨ � �Ñx({!}�t � ���(|«��tY{!��|Yx(� ´ ���Ns!�(� � |d�T}�t`��{�|~u2� �~� {�}
}�{ � � � |Y�(x � ��ËQu�{ �Y� s!� � �N��¸bË�ªV¬��®F¬ � {5s��(| � ���5��t*z � } ´
t � ���5��¨ � �²�T|~� u�{ �~� s!� � �(��¸bË �Y� ��}?� � s�� � �«{T� ª2¬� ´
®F¬ � Æ t �(s!�5���?� �~� {!} � |Y{bxN�(t~t*z ^y}�� ��Ì �P�5} { ���Y� u �%?(� }��
x({�u ��� ���(|�¨ �Y� �²ª2¬Z�®F¬ �Á� } � �(| � |Y� � �N|w�i{b�Nt�}�{ � x({!} ´
t � ���N| �~� ��¸§�(t � uw�T}�}��(| � } ���i� x � � {2x({�u � � � � �T}²� Î!´� |Y�(t~t � {�}Kz � }�t � ���T�K¨ ��� ¸�� � }�����Ë&x({!u � � � �(t ��� � } �Y� ��u�{�t �
t � |d� � � �=� ��{�| � �5|~�2u2�5}�}��N|�z º#{!}�t � �i�(| �Y� � � |Y{5Í?��� � }=��{!| ´
uw� �~� {!}��]|~{!u �~� �Ó|&ª«½;¸§�(}�x � uw�T| Ì�� }«» � ����|~�Óg���z
� }«�5}2� � � �=� ËQ� � }�� � |Y{!��|d�5u ¨ �Y��� t�t � }������&t � � � �(u��N} � |Y� ´
5=� � |~�(tGh Y ÿ.{5� �~� ��(} �~� |~��� Î �(x(� �Y� {�} �Y� u��!z�º#��{!tY�(|�� Î!´
�5u � }?� �Y� {�}�{5� �Y��� t � |Y{!��|d�5u |~�Ns!���T��t �Y� � �TS�
� º � t2�
t~x*�5�³�5|*¨VU ��W�X ¨VYF¨��5}i�&UP�5|~�Qx({!����uQ}²s��(x � {!|~t*¨��5}�� .� t� �`� { ´ � � u��(}�t � {!}?�T�Fuw� � | ��Î z� � ��t*¨ �~� �¹tY��¸?� Îb� |~�(t ´
t � {�} .�Z�0 Y � tZx(�����5|Y��Ë �~� ��u�{�t � � Î=� �(}�t � s�� � {�x({!u � � � ��¨
|~�#5b� � | � }��ÄÚ�ü&Ö�×�ý � {!| Ì9� { � �(|g��{!|Yu � uw� � | ��Î�´ s��(x � {!|� |Y{b�i��x � z [�{ � �(s!�(|*¨ �~� ��ª2¬��®É¬ � � } � �(| � |~� � �(| ��� ���
�5��tY{¹x({�u � � � �� � �(u � {�|d�T|~Ë�uw� � | ��Î �]{!| �~� �s!�T����� . Z ¨
|~�#5b� � | � }��«�5}²�T��� ���~� {!}§�5�AÖ�×�t � �5x(���T}�� �T}�� x({ � Ë2{ �=´
�(|C� �~� {�}�t�¨=¸§�C��{�|~� ��� x({!u � � � �(t �Y� � � |~{=����x � zSº#�����T|~��Ëb¨��� �Nu � {!|d�T|~Ë«u2� � | ��Î t � {!����� }�{ � ¸§��}i�(x(�(tYtd�5|YË � { � �N| ´
��{�|~u �~� � x({!u � � � � �~� {�}Kz~^y}=��{!| � ��}§� � �N��Ë=¨ �Y� �²ª2¬� ´
®F¬ � �Ê�T}��!�§�5�!���i{b�NtS}�{ ��� |Y{5s � ���&� � �*Ë¹{T�K� Î=� |~�(tYt � }���~�i� t#x({�u � � � � �Y� {�} �Tt·��t � }�������{ � �(|C� �~� {�}K¨ �Y� ��t#��{!|Yx � }���~� �S�(s!�T���?� �Y� {�}&{5� �Y� �StY��¸§� Î=� |~�(tYt � {!}�z À ��� ���S��tY{!��|Yx(� ´
���(s!�N� � |C�5}�tg��{!|Yuw� �~� {!}Ix��5}�}i{ � � � |Y�(x � ��Ëm�*s�{ � � �Y��� t�¨ ���
x��T}�|~�N����x(� �~� ��x({�t � ¸bË�|~�*�5� �%?(� }�� �~� � � B!Y Z 02. D Z � tS�T}
�65=� � s!�5���(} � �T}��2���Nt~t�� Îb� �(}�t � s!�� Î=� |Y�(t~t � {!}Kz#¬�� �Y� {!��� ��~�i� tQ� Î=� |~�Nt~t � {�}m|~�65=� � |Y�(t �`� { � |d�5}it � {!t~� { � �(|C� �~� {�}�t�¨� }�¸§{ �Y� x*�5t~�Ntks��(x � {!|~t&�5|Y� � |d�T}�t � {!tY�(� � }�t � ���5�Ñ{5��u2� ´� | � x(�(t�zÏ¿�{ � � �~� � � |Y{5Í?����{5� �~� � � |d�5}it`��{�|~u��N�«x({=��� � }
» � �!��|Y�dgT¸Kz
 � ��|Y�(t~��� �� t¹�Q¸§� �~� �(| �~� � ��`� �N} � Ë ´ ��{!��� � }�xN|~���Tt~��{�}

�~� � � t � }��!����t � � � �(u��N} � �5}i�9� �Y� |~�(� ´ ��{���� � }�x(|Y���5tY�w{�}�~� ���(} �~� |~�Q¸?�(}ix � uw�5| Ì z� � �(tY� Ì=� }���t&{T� � |d�T}�t`�]{!|~u2� ´�~� {�}�t �Y� � � � Î=� ��{ ���F�Y� �#t~�(u2�5} �~� x(tF{T�7u2� � | ��Î { � �(|d� �~� {!}it
�5|Y�&}�{ � ���*�5t � ¸����� ���Y� �º � »�¼k½ �½�¬�¿;���(s!�N��z

[ n Å4xðm�¥ ¤�ÈY¢=Å Ä Åpo õ Å�Çy¤�¦�l�ö2ì�l ë lXì9s¹¤�¥ Ä ¢!ö
oNÅZ¤�x ¥�£�È~Å Ä ¢²¥ Ä Æ n Å4xðmyÈ�ì~¥�£�È~Å Ä

� } �~��� tQt~�(x �Y� {!}K¨ � �«x({�u � �T|~� �~� �«tY� � �T|d� � � �T}�� �~� �
x({�u�¸ � }��(�«� ¯ �(x � t�{5�StY{!��|Yx(� ´ ���(s!�(���T}�� x({!u ��� ���N|�{ �i�~�°´
u �%? � �~� {!}it�zK» � �!��|Y��ht � { � t �~� � � �(|g��{!|Yuw�T}�x(��¸§�(}��CÍ � t
|~�*�5� �%? �(�2¸=Ë�� �°¯ �(|~�(} � x({!u�¸ � }?� �~� {!}it�{5� { ���Y� u �%? � �Y� {�}�t�z
 � �2Í§|~t �2�Y� |~�(� t~� � t2{5�¸?�T|~t�|Y� � |Y�(t~�(} �«�Y� � {!| � � � }§�5�
ª2¬��®É¬ � x({=���!¨�ª«º�º x({!u ��� ���N��x({=��� �����Y� }�{ ��} ´
td�\���#{ ���Y� u �%? � �Y� {�}�t�¨(�T}��¹ª«º�º xN{!u �i� ���(�&x({=��� �����~� �T���
��}�tC�*���#{ �i�~� u �%? � �~� {!}�tF���(�=�5�T��{!| �~� � � � �5| �~� x(���³�T|K¸§�(}�x �=´
uw�T| Ì �5x �Y� s!� � �(��z� � ��t~�(x({�}�� �~� |Y�(�¹tY� � t&{T�S¸?�5|Yt�|Y� �=´
|~�Nt~�(} �#�~� ��tC�5u��#u��*�5t~�i|~�(uQ�(} � t � � Ì �(}�{!}�t~{���|~x(� ´ ���(s��(�� |C�5}�tg��{!|Yu��(�Qx({=���!z
 � �(|Y�«�5|~�«�2}=��u�¸§�(|�{5� � } � �(|Y�(t �Y� }���{!¸�tY�(|~s!� �~� {!}it � {
¸§��uw�T���!zK» � |~t � ¨ �~� � � �N|`��{�|~uw�T}�x(� � u � |~{5s!�Nu��(} � �]|~{!u
t~{���|~xN� ´ ���(s��(� { ���Y� u �%? � �Y� {!}�t � t{5=� ��� �&x({�u � �T|d�T¸���� �����Y�� �(|`��{�|~u2�5}�x(� � u � |~{5s��(u��N} � ��|Y{!u)ª«º�º;x({!u ��� ���(|�{ �=´�~� u �¦? � �~� {�}�t�z � };��{���|2x��5tY�(tPü]º{z�¨���º&¨�½���¨·Òi¼k½yý(¨
t~{���|~xN� ´ ���(s��(�F{ �i�~� u �%? � �~� {!}�t � �*s!���&|~{���� � ��Ët � u � �³�5|F�C� ´
���(x � {�} � �(|`��{�|~u2�5}�x(� ��� �(}�x({!u � �5|Y�(� � {«tC�*���2ª«º�º
{ �i�~� u �%? � �~� {!}�t*z � }m�]{!��|2{ �Y� �(|«x*�5t~�Nt9ü]»A��¨�z���¨ � º&¨
|&ª«½�ýN¨�tY{!��|Yx(� ´ ���Ns!�(�{ ���~� u �¦? � �~� {�}�t �T|~�«¸§� �Y� �(|«¸=Ë��
���Tx � {�|¹{T� �`� {«{�|¹uQ{!|Y�!z � } �`� {«{5� �Y� �(tY�wx*�5t~�Nt«ü)z�i¨
|&ª«½�ýN¨Ft~{���|~xN� ´ ���(s��(�#{ ���Y� u �%? � �Y� {�}�t�{!� �~� �(|`��{�|~uÐ�(s!�(}
��}�tC�*����{ ���~� u �¦? � �~� {�}�t�¸=Ë � ��� ����uw�T|~� � }p` ¼y} �~� �
{ �Y� �(| � �5}���¨ �~� ��|Y�(uw� � } � }i����{!�i|�x��5tY�(tûü ¬�|¹¨�º#¿¹¨
� � ¨�ª2� � ý � |Y{5Í � u���x � u�{�|~����|Y{!u	x({!u ��� �³� �~� {�} �~� �T}
t~{���|~xN� ´ ���(s��(��{ ���~� u �¦? � �~� {�}�t�z  � �(tY�mx({=���(t��5����x({!} ´� � � }��(��� Î=� �(}�t � s�����{={ � t � �(|`��{�|~u � }i�ktYx��5�³�T|�{ � �(|d� �~� {!}it�~� � � x({������w}i{ � ¸?��N� � u � }§� � �N��¸bËQs!�(x � {!| �%? � �Y� {�}Kz
Ò=�(xN{!}��K¨ tY{!��|Yx(� ´ ���(s!�(��{ ���~� u �¦? � �~� {�}�tk�T|~��¸§�(t � s � � � �(�
�5t�¸§� � }���x({�u � ���(uQ�(} � �T|~Ë � {�x({�u ��� ���(|#{ ���Y� u �%? � �Y� {�}�t�z



AQ CG CN Di FD Ga IC Mei EC RK QMR SOR
0

10

20

30

40

50

60

70

80

E
xe

cu
tio

n 
T

im
e

Original
Compiled
Compiled & Optimized
Transformed
Transformed & Compiled
Trans., Comp., & Opt.

» � �!��|Y�Óh � Ò={���|~x(� ´ ®É�(s!�(�  |d�T}�t`�]{!|~u2� �Y� {�}�t��5}��«º#{�u ��� �³� �Y� {�}

 � �Q�Ê�Tt ���`� {Ñt~� � {5��¸?�T|~t � }P» � �!��|Y��h � ������t � |d� � � �~� �
x({�u�¸ � }��(�-� ¯ �(x � {5�2t~{���|~x(� ´ ���(s��(�«�5}�� x({!u ��� ���N|«{ �=´�~� u �¦? � �~� {�}�t�z »i{!| � |~{��!|d�Tu�t � } ����� x � t~{���|~x(� ´ ���(s��(�� |C�5}�tg��{!|Yuw� �~� {!}�tZ|~�(tY��� ��� } � u � |~{5s!�N� � } � �(| � |Y� � �N� � �N| ´
��{�|~uw�T}�x(�!¨ �Y� �(tY� � |d�5}it`��{�|~uw� �~� {!}itS|Y�(t~��� �y� } � u � |~{5s!�N�
x({�u ��� ���(� � �N|`��{�|~uw�T}�x(���5t � �(����z.¬yx(|~{�t~t²�T����¸§�(}�x �=´
uw�T| Ì t�¨ �Y� �«x({�u�¸ � }?� �Y� {�}�{5�{ �i�~� u �%? � �~� {!}�t � |Y{5s � ���Nt�~� ��¸§�(t ��� �N|`��{�|~uw�T}�x(�!z � } Í?s���x��Tt~�(t2ü�º#¿�¨�»���¨Xz�i¨� º&¨X��º�ýN¨ �~� ��x({!u�¸ � }?� �~� {!}2t � ��} � Í?x��T} � ��Ëw� Î xN�(�(��t �~� �
� ¯ �(x � {5�¹� ���Y� �(|«tY{!��|Yx(� ´ ���(s!�(��{!|Ñx({!u ��� ���N|�{ ���Y� u �%? � ´�~� {�}�tS�5��{�}��!z����5x � {T� �Y� ��� � ¯ �(|Y�(} � tY{!��|Yx(� ´ ���Ns!�(� � |d�T}�t ´
��{�|~uw� �~� {!}it � |~{5s � ���(t�¸§�(}��CÍ � t�}�{ � xN��|~|Y�(} � ��Ë � |Y{5s � �i�(�
¸=Ëwª«º�º&z

� À � �(}�s��(x � {�| �%? � �~� {!}�x��T}��!�(}i�(|d� � � ��� � �=´ ���(s!�N��{ �=´
�(|C� �Y� {�}�t�tY��x � �5t �~� {!t~� � } � ®F¬&ÒF¨b�Tt � }iz�5���(| Ì=� }�¨
��]�x � �N} � ��}��i�(|~��Ë � }��&� � ¸�|C�5| � �Nt�uw�*Ë¸§��� �Y� � �%? �(��¸=Ë
¸§{ �Y�²� } � �(| � |~� � �(|¹�T}��«x({�u ��� ���(|*z� � �Nt~��� � ¸�|C�5| � �Nt
{�� �~� �(|`�]{!|~u x({=���I�!�(}i�(|d� � �(� ¸bË;�mºÐ{!|«»K¼&½ ´
�½¾¬�¿-x({�u ��� ���(|�{�} �Y� �&x({!|Y|~�(t � {�}�� � }��Q��{={ � t�z

��¬y� �Y� {!�i� �;� |~���T����{=x�� �~� {!};��{=�(t«}i{ � t � ��} � Í?x��T} � ��Ë
� ¯ �(x � �~� � � �(|`�]{!|~u2�5}�xN� {5�P�Ns!�(|YË ¸§�(}�x � uw�T| Ì��� �N|~� ����� tK� ��� � � x��T¸����·ü t~�(��» � �!�i|~� O ¸?ý(¨ ���F� �N|~u ��� t�Y� ��{ �~� �(| ��� t~�2��}�tC�*���Qx({!u ��� ���N|k{ ���~� u �¦? � �~� {�}«{5�
�T|~|d�*Ë�¸§{!�i}���t�|~�Nu�{5s!�5�`z  � �2� ¯ �(x � {5� �~��� t�{ �=´�Y� u �%? � �Y� {�}w�\� � �(| � |Y���5����{=x�� �Y� {!}«{�}K¨i��{!|&� Î �5u � ���!¨
º#|C�5} Ì�´ ¿ � x � {!��t~{�} � t���|C�5uw� �~� x!z

��¬y�����(¸�|C� � x�{ �i�~� u �%? � �~� {!}�tit~��x � �5t �Y� ��{�}�����tY�(�¹{�}
|&ª«½ � �*s!�y}�{�65=� � s!�T���N} �#� }�ª«º�º&z= � �(tY� � Ë � �(t
{T�·{ ���~� u �%? � �~� {!}it���� � �(}��i�(} � {�}�uw� � | ��Î2� |~{ � �N| ´�Y� �Nt�x��T}�}�{ � ���5t � ��ËQ¸?��� �i� � � �N�V� ���Y� ���{ � �N|����Ns!�(�
{T� ��º x({!u ��� ���N|�z

À ��x({�}�x(�������I��|Y{!u �~� �Nt~��|~�(tY��� � t �Y� � � t~{���|~x(� ´ ���(s��(�� |C�5}�tg��{!|Yuw� �~� {!}�t��5|~� Ì �(Ë � { {!¸ � � � } � }�� �!{={=� � �(|`�]{!| ´
uw�T}�x(�Q��|Y{!u±ª2¬Z�®F¬ � x({=���(tQ��{�|�¸?{ �~��� } � �(| � |~� � �(�
�5}i�wxN{!u �i� ���(��� Î �Nx(� �~� {�}Kz

\ ] lpì~¥�£�lKÆ_^ Å�¤�`

¬�t uQ�(} �~� {!}��N� � } �Y� � � } � |~{=����x �Y� {!}K¨*t~�Ns!�(|C�5�?ª2¬Z�®F¬ �
x({�u ��� ���(|~t � �*s!��¸§�(�(}����(s��(��{ � �(��{!|�T|~����}����(|����(s!�N� ´
{ � u��(} � zN���5x � {5� �Y� �(tY��x({�u ��� ���(|~t � |d�5}it~�³� � �(t¹ª2¬� ´
®F¬ �-� } � {�����{ � �(|��³�5}i�!�?�T�!�&t~��x � �5t&»K¼&½ �½�¬y¿¹¨�º&¨
{!|�º{�G��z
 � �(|Y���T|~� �`� {�xN{!u�uQ�(|~x � �T�«ª2¬��®F¬ � x({!u ��� ���(|~t*z
ª«º�º M T>U Z� t2��|Y{!u �Y� �� � �Pª«� �~� À {�| Ì t�¨y���(s��(��{ �=´
�(|Yt{5�·ªV¬��®F¬ �-��� t~�(�°�d¨F�T}�� � t �~� �¹x({�u ��� ���(|�t � ��� � �(�� } �~��� t � � � �(|*z-ª«º�º x*�5} � �T}������2u�{�t � ����� � ��|~�Nt � }
ª2¬��®É¬ � QQ�5}��«���(}��(|C� � �(t º;xN{b�i�!z¹ª2¬Z�º�¼kª M S Z ¨



{!| � � � }?�5����Ë����(s!�N��{ � �N�²� ���Y� � � t~|C�5�(� � }�t �~��� � � �{T�  �(x �=´
}�{���{��!Ë��5}��2}�{ � { ¯ �(|~�(�2¸=ËwªÑ� �~� �{={���t*¨b�T��t~{ � �5}��i���Nt
u�{�t � ����� � ��|Y�(t�{T��ªV¬��®F¬ � Q��5}������(}��(|C� � �Ntwº{�G�
x({=���!z � { �~� ª«º�º)�5}i� ª2¬Z�º�¼kª �5|~� x�� � �5¸���� {5�
�!�N}��(|d� �~� }���� ���~� �N|�t � �T}�� ´ �5��{!}i� � |Y{!�!|C�5uQt�{!|#u�� Î�´ Í?���(t�~� � � u2�*Ëw¸§��� � } Ì �(�²¸§�5x Ì²� } � { �Y� �wª2¬Z�®F¬ � � } � �(| ´� |Y� � �(|*z�¬yt&���T| �Tt � ���5|~��� � �5|~��¨ �Y� �(t~�2�5|Y� �~� ��{�}���Ë�`� { � �i¸�� � xN��Ë��*s!� � �³�5¸i����x({�u ��� ���(|~t��5}�� �~� �2{!}i��Ë �`� {
x�� � �5¸����&{5� �!�(}i�(|d� �~� }���u�� Î!´ Í?���(t*z
 � �(|Y�9�T|~�P� � �T}��=���i�{5��x({!u ��� ���(|~tQ��}����(| ���(s��(��{ �=´
u��N} ��� }û�Tx��5�i�(u � ��z-»§�5��x({�} M P Z �]|~{!u ^�} � s��(|~t ��� Ëm{5�� ��� � }i{ � t�¨ � |d�5}it~�³� � �(tkª2¬Z�®F¬ � P � } � {�»K¼&½ �½¾¬�¿ ´ S Y z
ª2�(} ��� | M ORZ ¨ ��|Y{!u � | � tC� � }9»i|d�5}ix(�!¨#��{=x(�it~�(tQ{!}m�«|Y� ´� �T|~��� � �T¸�����x({=���2�!�N}��(|d� � {�|¹x�� � �5¸i���Q{5�����(}��(|C� �~� }���º
{!|�»K¼&½ �½¾¬�¿.�]{!|�t~�65=���(} �Y� �T��{!| � �5|C�5�����(��u2�5x ��� }��(t*z
ª2¬��º�[ M T>W Z ¨·��|~{�u±¿y{!| �Y�=� �(t � �(|Y}K¨y��t~�(t«ª2¬Z�®F¬ �� {Q� � |~�(x � ��Ë � �T|~��� � t � �(x � �T� � ��| � {�t~� � �5|Y� � �5|~��z& � |~�(�
{ �Y� �(|&x({�u ��� ���(|~t*¨�º�¼y¿k®F¬ �ðM Q Z ¨7��|~{�u �Y� �:^�} � s!�N|~t ��� Ë
{5��^�u��*� � } Ò � �N���(}K¨ ¼ �~� �N| M TVS Z ¨i��|~{�u ¼y|~�N�!{!}�Ò � � � �
^�} � s��(|~t ��� Ëb¨ �5}���{�}���{ �~� �N|��|Y{!uÐ¿�{!| �~�=� �(t � �(|~}\^�} � ´
s!�N|~t ��� Ë M O�Y#Z ¨S� Îb� � � x ��� ��Ë � �5|Y�!� �Q� �5|C�5�����(��uw�Tx �i� }i�(t¹¸=Ë
�!�N}��(|d� �~� }���uQ�(t~tC�5�!� � �Tt~t � }i�¹x({=��� ��|~{�u ª2¬��®É¬ � z
¼¾� �5���y{5� �~� �Nt~� x({!u ��� ���N|~t�¨#{�}���Ë9»§�5��x({!}m� ��� �*�5|~t � {
x({�}�t � ���(|Qt~{���|~x(� ´ ���(s��(� � |d�T}�t`�]{!|~u2� �Y� {�}�t M P?¨{T�T Z �T��{�}���~� �²� � }��(t2{5� �~� {�t~� ���(t~xN| � ¸?�N� � } �~�i� t � � � �(|*zð[�{ �#´
�(s��(|�¨ �~� �Nt~� � |C�5}�tg��{!|Yuw� �~� {!}Iu���t � ¸§�²� �i� � � �N� � } � �(| ´
�5x �~� s!�(��Ë;s � �����it~�(| � {={!���5}i� �5|~��}i{ �«� �T| � {5� �~� �
�5� � {!u2� �Y� xQx({!u ��� �³� �~� {�} � |~{=x(�(tYt�z »i��| �Y� �(|Yu�{!|Y�!¨ �~� �
t~{���|~xN� ´ ���(s��(� � |d�T}�t`��{�|~u2� �~� {�}�t�5|~�Q� � u ��� �(� � {²tYË=} � �5x ´�~� x � � �~� �(|~} uw� � x � �5}��Ñ|~� � �³�Tx(�(u��N} � ¨§t~{ �Y� �(Ë«�i{�}�{ �� |Y{5s � ���&����(}��(|C�5�FtY{!��� �~� {�}���{!|#{ ���Y� u �%? � �Y� {!}�t t~�ix � �Tt
s!�Nx � {�| �%? � �Y� {!}9�T}�� � |Y���5����{=x�� �Y� {�}Kz«¬Át � u � �³�5| � Ë � �2{5�� � � {!uÐ|~�(x({��!} ���Y� {�}P� ��� ���T|~t � { ¸?� � �(|g��{!|Yu��(��¸=Ë { �=´�~� u �¦?N� }i�²»K¼&½ �½¾¬�¿ � |~� � |~{=x(�(tYt~{!|Yt²tY��x � �5ti�&¬ � »
M T Y#Z �T}��8��¬kÒ= ´�O8M T>g Z z  � �Nt~� � {b{���t¹��{�� �Y� �(u ���� {
��� � �(x � u2� � | ��Î�� |Y{=����x � t � }��{b{ � }��(t � t � }{�|~���N| � {&�!�(} ´
�(|C� � � � ®É¬kÒ�{ � �(|C� �Y� {�}�t�zp[�{ � �(s��(|�¨ � � �Y� �(|Y}�u2� � x ��� }��� t � } � �(|Y�(} � ��Ë�� � u ��� �(� � } ��� tS�T¸ � � ��� Ë � {��{ �Y��� tVj=}�� ���Y� �(|� |Y{bxN�(t~tY{!| � tw�T¸���� � {���� � �(x � �Is!�Nx � {�| ´ uw� � | ��Î�´ s��(x � {!|� |Y{b�i��x ��� | ���Y� �(}��5t � } �Y� �Lz�5���(| Ì=� }�xN{b�i�wt � { � } � }
Ò=�(x �~� {!}�P?z%T�z
 � �(|Y� � �5t ¸?�N�(} x({�u ��� ���(|«|Y�(t~�*�5|~x � {!} � �(|g��{!|Yu � }��
{ �i�~� u �%? � �~� {!}�t�t � u � �³�5| � { �~� � t~{���|~xN� ´ ���(s��(� � |d�T}�t`�]{!| ´
uw� �~� {!}it � |Y�(t~�(} � �(� � } �~��� t � � � �N|�zN���(x � {!| �%? � �~� {!}Ñ��{�|
s!�Nx � {�|StY� � �N|~x({�u � � � �(|~t � �Tt�¸?�N�(}�t � ��� � �(��� Îb� �(}�t � s��(��Ë
{5s!�N| �~� � � �Tt ���~� |~�(��i�(x��5�i�(t�¨i��{�|S� Î �Tu � ��� � } M T5¨ O T Z z
[�{ � �(s��(|�¨ �~��� t � {!| Ì �³�5|Y�!�(��Ë&��{=x(�it~�(t#{!} � { � } �`´`��� t~���5t ´
t � ��}�u��(} � t��T}��t~x*�5�³�5|F{ � �(|C� �Y� {�}�tF¸§� �`� �N�(} �T|~|C�*Ëbt �5}���¨
{=x(x��Tt � {!}?�T����Ë=¨�{�}û|Y�(����x �Y� {!}-{ � �(|C� �~� {�}�t«|d� �~� �N| �~� �T}�~� � �i� � � �(| ´ ���(s��(��{ � �(|d� �~� {!}it �*s!� � �³�T¸���� � }9ªV¬��®F¬ � z
 � � � |~{!¸i���Nu {5�¹�5|Y|d�*Ë�¸?{���}���tQ|~�(uQ{5s!�5�`¨�t � u � �³�5| � {

� |Y���5����{=x�� �Y� {�}²�5}i�²� � |Y�(x � ��Ë²� ��� � � x��5¸i��� � {wªV¬��®F¬ � ¨� �TtS¸§�(�(}Qt � �i� � �(� � } �~� ��x({�} � � Î=� {5�Fx({!}=s��(} �~� {!}?�T�?�³�T} ´
�!�§�5�!�Nt M h Z z
» � }?�5����Ëb¨�� � �T}��=���i�F{5� � |~{��C�Nx � t M W=¨�T>Q=¨�TVh ZK� �*s!�y���(s!�N� ´
{ � �(� � �5|C�5�����(� � {={�� Ì=��� t���{�|���tY� �����~���Y� ��ª2¬��®É¬ ��� } ´� �N| � |Y� � �(|*z# � �(t~� � {={!� Ì=��� t��5����{ � ªV¬��®F¬ �9� |~{!��|d�Tu�t� {&� � |Y�(x � ��Ë¹�Tx(x(�(tYtSuQ�(t~tC�5��� � �5tYt � }��&� � ¸�|d�T| � �(tF�]{!| � } � �(| ´� |Y{bxN�(t~tY{!|#x({!uQu���} � x�� �Y� {!}Kzi�{&�=� � }¹�5}=Ë � �(|g��{!|Yuw�5}ix(�
¸§�(}��CÍ � ¨F��tY�(|~tu��it ��� �T|d�5�����(� �%? � �Y� � � |ª2¬��®F¬ �û� |~{ ´
�!|C�5uQtK��t � }i� � |~{5s � ���(��ª2¬��®F¬ ��´ ���(s!�N�?uQ�(t~tC�5�!� � �Tt~t ´� }���x({!}�t � |Y��x � t*z

a n Å Ä ¦�ìYÇ�¢=È~Å Ä ¥ Ä Æcb�Ç�£�Ç�¤�ld^ Å�¤�`

Ò={���|~x(� ´ ���(s��(� � |d�T}�t`��{�|~u2� �~� {�}�t � |Y{5s � �i� �T})� ¯ �Nx �~� s!�
u��*�5}�t#{5� {!¸ � � � } � }�� � �(|g��{!|Yuw�T}�x(�y��{!|�ª2¬��®É¬ �m� |~{ ´
�!|C�5uQt�¨�|Y�(�b�T|~�����(tYt2{5� ��� � �Y� �(| �Y� �(Ëm�5|Y� � } � �(| � |~� � �(�
{!|��³� � �(|yx({!u ��� ���N�Kz  � �(tY� � |d�5}it`��{�|~uw� �~� {!}it·�T|~�x�� � � ´
¸�����{T�K�(� � u � }?� �Y� }���u2�5}=Ë � }���]�x � �(}ix � �(t �~� � � xN��|~|Y�(} � ��Ë
�*s!� � �³�5¸i���2ª2¬��®É¬ � x({�u ��� ���(|~t��T|~� ��}?�T¸���� � {�{ �i�~�°´
u �%? �&� � �*Ë=z
À � � �*s!� � u � ���Nu��(} � �N�¹�5}��5� � {!u2� �~� x � {={!� � { � �N|`��{�|~u
t~{���|~xN� ´ ���(s��(��{ �i�~� u �%? � �~� {!}�t��Tt � �T| � {T� �Y� ��»�¬k®Kº�¼y¿� |Y{��C�(x � ¨b���C{ � } �F� |Y{��C�(x � {T��º#{!|Y}��(���K^�} � s!�N|~t ��� Ë�5}i� �~� �
^�} � s��(|~t ��� Ë²{T� � ��� � }�{ � t*¨�^�|Y¸?�5}§��z2¬©��� � � � ���N�����(t~xN| ���=´�~� {�}�{5� �~��� t � {b{��Sx*�5}�¸§����{���}�� � } �Vx({!u � �5} � {�} � � ´� �(| M T#P Z z � }ix({!| � {�|d� �Y� }��¸§{ �~� t~{���|~x(� ´ ���(s��(�K�5}�����{ � �(| ´
���(s!�N��{ ���Y� u �%? � �Y� {!}�t � } � {«�5} � } � �(| � |~� � �(| � } �y�C��t �g´�� } ´�~� uQ��uw�T}�}��(| � t·�T}2{!}���{ � }��� ¯ {!| � z

] l�oVlK¤bl Ä ¦�l�¢

M T Z ½z ¬y�����N} �T}��\��z4�&�(}�}��N��Ëbz ¬�� � {!u2� �~� x � |d�T}�t ´
�³� �Y� {�}2{5�S»K¼&½ �½¾¬�¿ � |~{��!|d�Tu�t � {Qs!�(x � {!|¾��{!|Yu²z
FfeX� 	�;����K�6�!�>()��I!�K��I��7g�;�I� !;��!þ�þE���� {�X���! !JK�> !ÿ#�
�!�b�ih��>��(]ÿ*þÓ�(¨$Siü O ý � PÌSbT!j'Q�P O ¨!¼yx � {�¸?�(|:TVS�W!h�z

M}ORZ ÒFz2º � �5�is!���T� �T}�� »#z � {=� � }Kz ª2�(} ��� | � ¬y}
�(}=s � |~{!}iu��(} � ��{!| ��� � �I� �(|g��{!|Yuw�T}�x(�wªV¬��®F¬ � z� }ck�(%�mlNI!;�������I� I!� �X���! �JÌ�> !ÿ#��ùAe4I!þ�¡�%��ÿV;���ù
�!�b�Rn�JK�K��(&�³þ�ÿoh��>��(]ÿ*þÓ�Xú6I�;ph$�����¦�!H#��ÿfe4I�þ{�JÌ(]ÿ>;��(¨� ���~� t~¸��i|~� � ¨ � ¬¹¨§ª«�*ËLTVS�S!Wiz

M U Z ®�z>�y�S½�{�t~�!zqe4I!þ�¡�%��ÿV;e	?ÿ��������0rVJ=ÿ#�$ú6I!;p��F9	��XFos
¡;�I� �;���þÓ�(z � � � �~� �(t � t�¨�^y} � s!�(|Yt ��� Ë�{T� � ��� � }�{ � t·� �
^�|Y¸?�5}§� ´ º � �5u � � � �!}�¨�TVS�S!g�z



M P Z ®�z<�y� ½¾{!t~��¨\� z<z�T��� � s!�T}K¨8��z<z�T����{ � {�����{!t�¨� z�ª«�5|Yt~{!�°�d¨=�5}i����z � �T���?��z�»!¬&®Kº�¼y¿ � ¬-ª2¬� ´
®F¬ � � } � �(|d�Tx �~� s��û|Y�(t � |~��x � ��| � }��Áx({!u ��� ���N|�z � }
�p�!�! �JK�V �ÿ6�G�!���Te4I!þ�¡�%��ÿV;��¡ú6I�;tg{�!;��2����ÿ6��e4I�þ{�JÌ(��
���! �¨ � �T�!�(t O g�S�j O W!WizkÒ � | � }����(| ´ ���(|Y�Ê�T�?¨�¬�������t �
TVS�S!Qiz

M Q Z � z��y|d� Ì �(}=¸§�(|~�§¨ � z�u=�5x({�¸�t~{�}K¨��5}�� � zK��T�!t � |~{�u²z
¬ º�¼y¿k®É¬ � x({!u ��� ���(|&��{�| �Ñ� � t � | � ¸�� � �(��u��(u ´
{!|YËPu���� �Y� xN{!u � � � �(|�z � }Av!(%�wh�x Fe�ye4I!�#ú(ÿV;YÿV�b�dÿ
I!�zg{��;��2����ÿ#�{g{;�IV�Cÿ#�������! »ú#I!;Th$�>�³ÿV�b()� ���|e4I�þ{�JÌ(��
���! �¨�s�{!����uQ� O ¨ � �T�!�(t�WbT6P	j�W O T!¨�TVS!S�U�z

M g Z u?z���� � {!}Kz4z ¿�^ ¼yx � �*s��!z�=�~�Y�K���!�5����� z x � �!z ��� t~x�z �N��� � {=x � �*s!�!z
M h Z ½z{z&� ��� �iz-¬)��|Y�(t � ��{={ Ì � � { ���Y� u �%?(� }��²�5|Y|d�*Ë

¸§{!��}���x � �(x Ì=� }��?z � }}g�;�I� !;��!þ�þE���� ��p�!�� !JK�V �ÿ#��ù
7ÿ#�6�� ��8�!�b�~xdþ�$��ÿ�þ�ÿV�b()��()��I���zF¬�º�ªÓÒ � z � ®F¬y¿¹¨
u!�i}8TVS�S Y z

M W Z u?z>[y{!��� � }i�!t � {!| �~� ¨���z*® � �K¨��T}�� � z � �5�ix���z�g��!;�������ÿ#�
	�I>I2�¦H�I>�4ú6I�;4��F9	��XFosyz À � Ì �#»�{�|~�(t � ^y} � s!�(|Yt ��� Ë=¨
TVS�S!giz �=�~�~��� ���5����� z u �~� x(t~x!z � ����z �N��� �5�i�d�5�i� z �=� u���z

M S Zo� z��&�(|~�(}�z ªV¬��º�¼&ª � ¬ ª2¬Z�®F¬ �Á� {Pº{�G�� |C�5}�tY�³� � {�|�5}��«tY� ��� {!| � � � ¸�|C�5| � �(t*z� �(x � } � x*�5�K|Y� ´� {!| � ¨ � tY|d�5�N� � }�t �~��� � � �{5�  �(x � }�{!��{��!Ë=¨$T>S!S!Qiz
M T YRZ �&��x Ì �T}��«¬yt~t~{=x � � � �(t*¨ � }�x�zÓ�&¬ � ��{!| �`� ª »i{!| ´� |C�5}«�5}i�Vº&z�=�~�Y�K���!�5����� z Ì � � z x({�u �5� |Y{=����x �C�5� ¸�u � }7�dz �b� u¹�`z
M T!T Zk� z�ª«�5|Yt~{�� �Cz 	§ÿ��������9r>J=ÿ6��ú6I!;§(¦�iÿdx���(]ÿ>;��!�>(&����ÿ

7ÿ>�*ÿ6�%I��þ�ÿ>��(ÓI�úR�9J=þ¹ÿ>;6�����2���4����ÿ���;ÓFe�  �ÿVH>;��»���%�
H>;��!;#�³ÿ6��ú6I�;�h$�V� ÿV��(&� �4�Me4I!þ�¡JK(&�!(&��I!��z � � � �~� �Nt � t�¨
^�} � s��(|~t ��� Ë�{T� � ��� � }�{ � t�� � ^�|Y¸?�5}?� ´ º � �5u � � � �!}K¨
TVS�S!hiz

M T ORZ  � �¹ªÑ� �~� À {!| Ì t*¨ � }�x!zp�9I��879Iix~��ÿ��V(&I!;#��=*ÿy���
e4I>�!ÿ���=�~�Y�K���!�5����� z u2� �~�=� {!| Ì t*z x({!u � t~� ��� {!| �d�T� �(x �=´
}�{ � �(t � s�Q � T!T Y�Y!� T!T Y S�z t �=� u���z

M TVU Z  � �ûªÑ� �~� À {!| Ì t*¨ � }ix!z ��FÓ	��pFos�e4I!þ�¡�%��ÿV;N¨
TVS�S!Qiz

M T6P Z �¹z§ª2�(}�{�}²�5}i����z � � }��=�5� � z�[ � � �7´ ���(s��(�Ft~�(u2�5} �~� x
{ �i�~� u �%? � �~� {!}�{T�k}=��u��N| � x��5�#x({=���(t*z � }�x���(]ÿV;6�b�2�
(&��I!�����te4I!�6úNÿV;YÿV���CÿGI�ú-h$J#�ÿV;���I!þ�¡JK()���! i��xJeVh�� ���!�!¨
u!�i}��»TVS�S!Siz

M TVQ Z �¹z«ªV�(}�{!}Ó�T}�� ¬�z2�|Y�C��� �Y� �(}Kz ª2��� �Y� ªV¬� ´
®F¬ �k��� } � �(��|d� �~� }��«ª2¬��®É¬ � �����Y�²��� � �²� �(|`�]{!| ´
uw�T}�x(� � �5|C�5�����(�Fx({!u � � �Y� }i�?z � }�h$J#�ÿV;���I�þ{�JK()���� !¨
¿�{5s��(u�¸§�(|yT>S!S�h�z

M TVg Z � �5x � Í?x2Ò � �(|~|C�²½¾�(t~�*�5|~x � º#{!| � {!|C� �Y� {�}Kz��K¬&Ò= ´�O
��{�|p�k®�»�{!| � |d�T}Kz�=�~�Y�K���!�5����� z � tY|~sFz x({!u � s!�Tt �d� s!�5t � Î � �Cz �=� u��`z

M TVh Z ÒFz � � � ��� �Y� �i¨Sz � � � ��� �~� �i¨��5}�� À z���|Y� � �(��{ � z
º#{!u � �5| � t~{!}�{T� � �5|C�5�����(�&t � u����³� �Y� {!} � �(x � } � 5=���(t
j ª2¬��®F¬ �·��� Ò � z�h$�³þ:J��¦�!(&��I����ÿ����u�{JK;�I��ÿ�¨
TVU � U!W�j�U!Si¨$T>S!S!Qiz

M TVW Z  � �«ª2¬��º�[ � |Y{��C�(x � zP¬)ª2¬��®É¬ � x({�u ��� �³� ´�~� {�}¹�(}=s � |~{�}�u��(} � ��{�|�� � t � | � ¸i� � �(� � � � �(|Y{!���(}��({���t
�5�§� ���Y� s��&x({!u � � �~� }���t~Ë=t � �(u�t*z�=�~�Y�K���!�5����� z �(xN�!z } � ��z �N��� � x � ��x � ª«� � x �?�
ª«� � x � z �=� u��`z

M TVS Z ª�zK|y� � }�}K¨�¬¹z!ª«�T� � t � �(s=t Ì Ë=¨b�T}���¿¹z=Ò=�(�(�³�5u z?¼ �`´� �N| ��� | � ��� � }�� �~� ���b� � ¸§� �`� �(�(}�ª2¬��®F¬ � �T}��
Ò=x���®F¬ � ¬�º�� z � }��#(¦��x �4����x���(]ÿV;6�b�!(&��I!������h$�5þ9�
�I2�6��J=þ I!���9�� >�Rg�ÿ>;�ú6I!;NþE�����Cÿ�7Ó� ��(&;6��H>JK(�ÿ��fe4I!þ9�
¡JK(&���! �¨�¬y���!��t � T>S!S!Wiz

M}O!YRZ ÒFzK½y�5u2�5t � �5u�Ë!¨���z À z�[�{=���!�Nt�¨K�T}�� � z � �5}��N| ´
�C�(��z·º#{�u ��� � � }��ª2¬��®É¬ �m� |Y{!��|d�5uQt � {�Ò=x���®F¬ ´� ¬�º�� � � Î=� ��{ ���Y� }�� � �5t Ì �T}����?� � � � �5|C�5�����(� � t~u²z� }&g{;�I>�Vû{I�úi(¦�iÿ�x���(�ÿ>;6����()��I!������g{�!;��2����ÿ6��g{;�I>�Cÿ6�����
���! �h$�5þ�'I��6��J=þ¹¨i¬ � | � ��TVS�S!g�z

M}O T Z ª�z À {!�°���!zF�Ó�� >��g�ÿ>;�ú6I�;(þE�����Cÿ�e4I�þ{��%��ÿ>;��iú6I!;
g{��;��2����ÿ#��e4I�þ{�JK()���� !z�¬��i� � t~{!} ´ À �(tY���(Ë � ��¸�� � t �=´� }���º#{!u � �5}=Ë=¨KTVS!S�Q�z


