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�€�T�a�Æ�„�­�À �Ã�g �•�Æ�€�z�¼ �Ã�Á�¼�c�• �d�g �˜�h�m�„�¼ �e�€�z�¼ �Æ �¾�Ç�!�����g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ�„�S�…

�x�T�Š�¼ �l�À�d�š�¹�‰ �l�¸�Æ

D = �€�y�c�Æ �•�„�° �„�g �c�€�Á�T�¼�9�d�¼ �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ �O�l�‰�€�Á�Ä � �g�c�Ç�m �:�S�„�ž�À �ƒ�• �e�c�‚�u �Æ �»�Å�¼ �ƒ�d�T�Š�g �p�y�d�h�¼ �…�c �l�z�S���Â�€�T�z�ö

�Ã�z�­�‘ �ƒ�•D �€�y�c�Æ �•�„�° �„�g �l�¹�T�¹�z�m � �g�c�Ç�m �9�•�ƒA �»�T�Á�����l�¼ �“�„�¬ ���€�À�c���g�€�• �«�S�„�¢�m �l�T�¢�h�m �Ã�š�g�c�ƒ �w�½�����h�g �Ã�� �€�Á�•�d�g���l�¼f z 2 C: jzj < �Êg

�¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �…�c �Q�c���g�•�c�Ç�À�d�} �Œ�S�d�½�ÀCVN (s) �ÆST N (s) �Q�d�Ä���g�•�ƒ �Æ �Â�€�• �Â�†�T�¸�d�¼�„�Àf (�Ó) = f 0(�Ó) � �Ê= �Ó�d�g �Ã��C �˜�¹�n�~�¼

�Ã�Á�¼�c�• �·�}�c�• �ƒ�•�Ê+ zf 00(z)=f 0(z) �Æzf 0(z)=f (z) �Q�d�Ä���l�T�½�� �Oz 2 D �„�Ä �Q�c�„�g �Ã�����Q�ƒ�Ç�™�����h�g �€�Á�•�d�gf 2 A �c�€�Á�T�¼�9�d�¼ �e�€�z�¼ �Æ

�€�T�a�Æ�„�­�À �Ã�T�y�d�À �Ã�g �ƒ�c�•���¾�c�„��
h
(u � �Ê) �Ë+ v�Ë� �Ís�Ë

i �Ì
= �Ê�Ó�Ñs�Ív�Ë; �Ó< s �

p
�Ë

�Í
�ƒ�• � �g�c�Ç�m �ƒ�d�n�}�d�‰ �€�Á�À�d�¼ �O�c�€�Á�T�¼�9�d�¼ �Ÿ�Ç�À �…�c �Â�€�•���«�S�„�¢�mCVN (s) �ÆST N (s) �Q�d�Ä���g�•�ƒ �Q�d�Ä���l�!�	�S�Æ �Æ �•�c�Ç�} �l�}�„�g �O�Ã�¸�d�±�¼ �¿�S�c �ƒ�• ���€�Á�•�d�g

���»�T�Ä�•���l�¼ �ƒ�c�„�° �Ã�¢�¸�d�š�¼ �•�ƒ�Ç�¼ �c�ƒ �¾�c�ƒ�Æ�• �Ã�T�–�° �Æ �l�¹�z�•�„�!�• �O�€�•�ƒ �Ã�T�–�° �O�¶�d�¼�„�n�Š���c � �g�c�Ç�m �O�d�Ä���g�•�ƒ �¿�S�c

�Ã�¼�€�±�¼ ���Ð

�…�„�¼T := f z 2 C: jzj = �Êg �Ã�¡�Ç�½�v�¼ �Æ �…�d�g �€�y�c�Æ �•�„�°D := f z 2 C: jzj < �Êg �O�˜�¹�n�~�¼ �Ã�z�­�‘C �»�T�Á�� �“�„�¬

f (�Ó) = �d�g �Ã�� �Of 2 H �l�¹�T�¹�z�m � �g�c�Ç�m �9�•�ƒ ���»�T�Ä�•���l�¼ �Œ�S�d�½�ÀH �•�d�½�À �d�g �c�ƒf : D ! C �l�¹�T�¹�z�m � �g�c�Ç�m �9�•�ƒ ���€�•�d�g �…�d�g �€�y�c�Æ �•�„�°

�Â�d�!���¾�W �Of 2 A �„�!�c ���»�T�Ä�•���l�¼ �Œ�S�d�½�ÀA �d�g �c�ƒ �O�€�Á�•�d�g �Â�€�• �Â�†�T�¸�d�¼�„�Àf 0(�Ó) � �Ê= �Ó

���Ð�����Ð�� f (z) = z +
1X

n= �Ë

anzn ; 8z 2 D:

�¿�T�Á�÷�½�Ä ���€�•�d�gD �ƒ�• �e�c�Ç�u �w�S �„�r���c�€�y �Q�c�ƒ�c�•w�Ó= f (z) �Ã�¸�•�d�¢�¼ �Ow�Ó2 C �„�Ä �Q�c�„�g �O�Â�d�!�„�Ä �O�€�Á�S�Ç�! �w�S���h�g���w�S �c�ƒf �l�¹�T�¹�z�m � �g�d�m

���»�T�Ä�•���l�¼ �Œ�S�d�½�ÀS �•�d�½�À �d�g �c�ƒA �Ã�¡�Ç�½�v�¼ �ƒ�• �…�ƒ�c�����m � �g�c�Ç�m �9�•�ƒ ���€�•�d�g �w�S���h�g���w�S �Â�d�!�„�Ä �»�T�S�Ç�! �…�ƒ�c�����m �c�ƒ ���Ð�����Ð�� �º�„�¬���h�gf 2 A � �g�d�m

�l�n�°�Æ �ˆ�S�€�½�Ä �l�•�d�"�À ���•�Ç�Ž�À �„�­�‘ �Ã�Á�¼�c�• �…�c �Ã�š�±�À �õ�T�Ä �ƒ�• �¾�W �¯�n�Ž�¼ �Â�d�!�„�Ä �O�»�T�a�Ç�!�>�Ñ�Ò�@�ˆ�S�€�½�Ä �c�ƒf 2 H �l�•�d�"�À���Ð�����Ð �«�S�„�¢�m

�†�T�À �c�ƒ �¾�W �l�m�d�r�¹�r�¼ �l�Å�u �Æ �Â�•�c�• �¶�d�±�n�À�c �•�„�g �Ã�g �Â�…�c�€�À�c �¾�d�½�Ä �Ã�g �c�ƒ �l�Á�z�Á�¼ �Æ�• �¿�T�g �Ã�S�Æ�c�… �O�€�Ä�•���l�¼ �¶�d�±�n�À�c �Ã�Á�¼�c�• �…�c �c�ƒ �l�Á�z�Á�¼ �Æ�• � �™�d�±�m �:�š�±�À

z 2 C �Ã�š�±�À �„�Ä �ƒ�•z ! expz �l�•�d�"�À ���€�•�d�g���l�¼ �l�Å�u �Æ �Ã�S�Æ�c�… �œ�¬�d�y �ˆ�S�€�½�Ä �l�•�d�"�À �¿�S�c�„�g�d�Á�g ���€�Á�����l�¼ �œ�­�y �k�ƒ�Ç�‘ �¾�d�½�Ä���h�g

���l�‰�c �ˆ�S�€�½�Ä

���€�T�a�Æ�„�­�À �Ã�g �•�Æ�€�z�¼ �Ã�Á�¼�c�• �O�l�T�¢�h�m �O�e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �O�…�ƒ�c�����m � �g�c�Ç�m ���Q�€�Ï�¹�� �k�d�½�¹�� �Æ �k�c�ƒ�d�h�¡

�l�¸�Æ���Q�d�S�ƒ�Ç�ê �d�•�ƒ�€�½�z�¼ ���˜�g�c�ƒ �l�’�’�~�m �„�T�g�•

�l�v�S�Æ�„�m ���Ã�¸�d�±�¼ �Ÿ�Ç�À
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�×�Ö�ê�Ö�Ð(�Ê�Í�Ó�Ó) �Ó �Â�ƒ�d�½�• �O�Õ �€�¹�u ���Ã�¢�¼�d�u �Æ �l�•�d�S�ƒ �Ã�S�„�Ž�À �O�x�T�Š�¼ �l�À�d�š�¹�‰ ���Æ

�l�h�r�¼z 2 D �„�Ä �Q�c�„�g �O<f p(z)g �O�¾�W �l�±�T�±�y �V�†�u �Æp(�Ó) = �Ê�Â�d�!�„�Ä �€�Á�S�Ç�!�Ð�Q�ƒ�Æ�•�Ç�b�m�c�ƒ�d�� �c�ƒp 2 H �l�•�d�"�À�>�Ò�@���Ñ�����Ð �«�S�„�¢�m

�»�S�ƒ�c�• �Æ �»�T�Ä�•���l�¼ �Œ�S�d�½�ÀP �d�g �c�ƒ �Q�ƒ�Æ�•�Ç�b�m�c�ƒ�d�� � �g�c�Ç�m �9�•�ƒ ���€�•�d�g

P =
n

p(z) = �Ê+ p�Êz + p�Ëz
�Ë+ � � � ; <f p(z)g > �Ó; z 2 D

o
:

�Q�Æ�ƒ! �l�¹�T�¹�z�m � �g�d�m �„�!�c �Of � g �»�T�Š�S�Ç�À���l�¼ �Æ ���€�Á�����l�¼ �l�T�¢�h�mg � �g�d�m �…�cf � �g�d�m �d�S�� �»�T�a�Ç�!g � �g�d�m�Ñ� �T�š�¼ �c�ƒf � �g�d�m�>�Ò�@���Ò�����Ð �«�S�„�¢�m

g � �g�d�m �„�!�c ��f (z) = g(! (z)) �Æj! (z)j < �Ê�»�T�•�d�g �Ã�n�•�c�•z 2 D �„�Ä �Q�c�„�g �Æ! (�Ó) = �Ó�Ã�����Q�ƒ�Ç�™���h�g �€�•�d�g �Ã�n�•�c�• �•�Ç�u�Æ �¾�d�Á�öD

��f (D) � g(D) �Æf (�Ó) = g(�Ó) �„�!�c �d�Å�Á�m �Æ �„�!�c �O�l�‰�cg � �g�d�m � �T�š�¼f � �g�d�m �O�€�•�d�g �…�ƒ�c�����m

���€�Ä�•���l�¼ �ƒ�c�„�° �Ã�¢�¸�d�š�¼ �•�ƒ�Ç�¼ �c�ƒD �Q�Æ�ƒf �l�¹�T�¹�z�m � �g�d�m �Â�ƒ�d�"�À �l�‰�€�Á�Ä �•�c�Ç�} �Ã�� �O�l�‰�c �˜�¹�n�~�¼ �†�T�¸�d�À�W �…�c �Q�c���h�}�d�• �l�‰�€�Á�Ä � �g�c�Ç�m �:�S�„�ž�À

�d�g �„�n�Ž�T�g �l�¢�T�‰�Æ �«�T�™ �ƒ�• �l�‰�€�Á�Ä � �g�c�Ç�m �:�S�„�ž�À ���€�Ä�•���l�¼ �ƒ�c�„�° �«�T�‘�Ç�m �Æ �w�„�• �•�ƒ�Ç�¼ �c�ƒf (D) �Ã�¡�Ç�½�v�¼ �l�‰�€�Á�Ä �•�c�Ç�} �„�}�S�• �k�ƒ�d�h�¡���h�g

�•�ƒ�Ç�¼ �«�¹�n�~�¼ �Q�d�Ä���h�h�Á�u �ƒ�• �•�d�} �ƒ�Ç�™���h�g �Q�ƒ�Æ�•�Ç�b�m�c�ƒ�d�� � �g�c�Ç�m �d�g �˜�h�m�„�¼ �9�•�ƒ �¿�S�€�Á�ö �c�‚�¸ ���•�ƒ�c�• �ƒ�d���Æ�„�‰ �…�ƒ�c�����m � �g�c�Ç�m �l�‰�€�Á�Ä �Q�d�Ä���l�!�	�S�Æ

�ƒ�• �¾�Ç�Š�m�„�g�Æ�ƒ �˜�‰�Ç�m �Ã�� �€�Á�•�d�g���l�¼ �e�€�z�¼ �Æ �¾�Ç�!�������g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ �O�ƒ�Ç�Å�Ž�¼ �Æ �ª�Æ�„�¢�¼ �Q�d�Ä���g�•�ƒ �Ã�¹�½�u �…�c ���l�‰�c �Ã�n�¬�„�! �ƒ�c�„�° �l�‰�ƒ�„�g

���:�š�g�c�ƒ �Ã�� �>�Ò�@ �O�Ò�ƒ�€�À�d�Š�z�¸�c �ª�Æ�„�¢�¼ ���h�T�–�° �¿�T�Á�÷�½�Ä ���l�‰�c �Â�€�• �¾�d�T�g �d�Ä���¾�W �«�S�„�¢�m �Ã�¼�c�•�c �ƒ�• �Ã�� �€�À�c���h�n�¬�„�! �ƒ�c�„�° �l�‰�ƒ�„�g �•�ƒ�Ç�¼ �Æ �l�¬�„�¢�¼ �>�Ð�Õ�@

���l�‰�c �Â�€�• �Â�•�ƒ�Æ�W �†�T�À �O�€�Á�����l�¼ �¾�d�T�g �c�ƒST �ÆCV�Q�d�Ä���g�•�ƒ �¾�d�T�¼

w�Ó�Ã�g �l�h�Š�À �Of (D) �l�Á�¢�S �¾�W �•�„�g �Â�d�!�„�Ä �O�»�T�¼�d�À���l�¼w�Ó= f (z�Ó) �Ã�š�±�À �Ã�g �l�h�Š�À �¾�Ç�!���g�ƒ�d�n�‰ �c�ƒf 2 A � �g�d�m�>�Ò�@���Ó�����Ð �«�S�„�¢�m

�•�„�g �ƒ�• �˜�}���g�ƒ�d�ê �º�d�½�m �Ã�� �Q�ƒ�Ç�™���h�g �•�Ç�½�À �·�‘�Æw�Ó�Ã�g �l�š�}���g�ƒ�d�ê �d�g �¾�c�Ç�m���l�¼ �c�ƒf � �g�d�m �•�„�g �…�c �Ã�š�±�À �„�Ä �O�l�‰�€�Á�Ä �„�ž�À �…�c ���€�•�d�g �¾�Ç�!���g�ƒ�d�n�‰

�…�c �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �·�¼�d�•ST �…�cST(� ) �Â�•�ƒ�„�S�… ���»�T�Ä�•���l�¼ �¾�d�Ž�ÀST �d�g �c�ƒS �ƒ�•�Ó�Ã�g �l�h�Š�À �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �º�d�½�m �Â�•�ƒ�„�S�… ���•�Ç�• � �°�c�Æ

�Â�d�!�„�Ä �»�T�¼�d�À���l�¼� �Ã�h�m�„�¼ �…�c �¾�Ç�!���g�ƒ�d�n�‰ �c�ƒf 2 A � �g�d�m �O�Ó� � < �Ê�Q�c�„�g ���€�• �l�¬�„�¢�¼�>�Ð�Õ�@�ƒ�•�Ó�¾�Ç�Š�m�„�g�Æ�ƒ �˜�‰�Ç�m� �Ã�h�m�„�¼

f 2 ST (� ) () <
�

zf 0(z)
f (z)

�
> �; z 2 D:

�Ã�T�y�d�À �Ã�g �c�ƒD �Æf (�Ó) = �Ó�d�g �…�ƒ�c�����m �Æ �l�¹�T�¹�z�mD �ƒ�•f �„�!�c �l�Á�¢�S ���l�‰�c �ˆ�S�€�½�Ä �Q�d�Ä���l�•�d�"�À �Q�c�„�g �l�q�ƒ�c �l�T�‘�d�} �l�À�Ç�!���g�ƒ�d�n�‰

���>�Ñ�Ò�@�l�‰�c �¾�Ç�!���g�ƒ�d�n�‰ �†�T�Àjzj < r < �Ê�•�„�°�„�S�… �„�Ä �Â�ƒ�d�"�À �Â�d�!���¾�W �O�•�ƒ�d�"�Á�g �l�À�Ç�!���g�ƒ�d�n�‰

� �g�d�m �•�„�g �…�c �Ã�š�±�À �Æ�• �„�Ä �O�l�‰�€�Á�Ä �„�ž�À �…�c ���€�•�d�g �e�€�z�¼ �Of (D) �l�Á�¢�S �¾�W �•�„�g �Â�d�!�„�Ä �O�»�T�¼�d�À���l�¼ �e�€�z�¼ �c�ƒf 2 A � �g�d�m�>�Ò�@���Ô�����Ð �«�S�„�¢�m

�¾�d�Ž�ÀCV�d�g �c�ƒS �ƒ�• �e�€�z�¼ � �g�c�Ç�m �º�d�½�m �Â�•�ƒ�„�S�… ���•�Ç�• � �°�c�Æ �•�„�g �ƒ�• �˜�}���g�ƒ�d�ê �º�d�½�m �Ã�� �Q�ƒ�Ç�™���h�g �•�Ç�½�À �·�‘�Æ �»�Ä���h�g �l�š�}���g�ƒ�d�ê �d�g �¾�c�Ç�m���l�¼ �c�ƒf

� �g�d�m �O�Ó� � < �Ê�Q�c�„�g ���€�• �l�¬�„�¢�¼�>�Ð�Õ�@�ƒ�• �¾�Ç�Š�m�„�g�Æ�ƒ �˜�‰�Ç�m� �Ã�h�m�„�¼ �…�c �e�€�z�¼ � �g�c�Ç�m �·�¼�d�•CV�…�cCV(� ) �Â�•�ƒ�„�S�… ���»�T�Ä�•���l�¼

�Â�d�!�„�Ä �»�T�¼�d�À���l�¼� �Ã�h�m�„�¼ �…�c �e�€�z�¼ �c�ƒf 2 A

f 2 CV(� ) () <
�

�Ê+
zf 00(z)
f 0(z)

�
> �; z 2 D:

�Æf (�Ó) = �Ó�d�g �…�ƒ�c�����m �Æ �l�¹�T�¹�z�mD �ƒ�•f �„�!�c �l�Á�¢�S ���l�‰�c �ˆ�S�€�½�Ä �Q�d�Ä���l�•�d�"�À �Q�c�„�g �l�q�ƒ�c �l�T�‘�d�} �†�T�À �R�g�€�z�m �O�l�À�Ç�!���g�ƒ�d�n�‰ �€�Á�À�d�½�Ä

���>�Ñ�Ò�@�l�‰�c �e�€�z�¼ �†�T�Àjzj < r < �Ê�•�„�°�„�S�… �„�Ä �Â�ƒ�d�"�À �Â�d�!���¾�W �O�•�ƒ�d�"�Á�g �e�€�z�¼ �Ã�T�y�d�À �Ã�g �c�ƒD

��zf 0(z) 2 ST �Oz 2 D �„�Ä �Q�c�„�g �„�!�c �d�Å�Á�m �Æ �„�!�c �Of 2 CV �k�ƒ�Ç�‘���¿�S�c �ƒ�• ��f 2 A �»�T�Á�� �“�„�¬ ���>�Ò�@�ƒ�€�À�d�Š�z�¸�c�����Õ�����Ð �Ã�T�–�°

�€�Á�À�d�¼���Â�d�¼ �O�Ô�l�¸�Ç�À�„�g �k�d�z�Š�Á�T�½�¸ �O���W�Ð�·�z�•�� �l�™�Æ�„�~�¼ �Q�d�Ä���h�Á�¼�c�• �d�g �˜�h�m�„�¼ �Q�d�Ä���g�•�ƒ �Ã�g �¿�T�±�±�z�¼ �Ã�u�Ç�m �Æ �†���„�½�m �„�n�Ž�T�g �„�T�}�c �Q�d�Ä���¶�d�‰ �ƒ�•

���&�D�U�D�W�K�p�R�G�R�U�\���6�X�E�R�U�G�L�Q�D�W�H���$�O�H�[�D�Q�G�H�U���5�R�E�H�U�W�V�R�Q���/�H�P�Q�L�V�F�D�W�H �R�I �%�H�U�Q�R�X�O�O�L

�?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R �Ö�Ñ
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�«�¹�n�~�¼ �Q�d�Ä���l�•�d�"�À �l�z�mD �Â�ƒ�d�"�À���Ð �·�z�•

�O�€�Á�•�d�g �Â�€�• �«�S�„�¢�m �l�T�¢�h�m �w�½�� �Ã�g �Æ �˜�¹�n�~�¼ �Ã�z�­�‘ �l�‰�c�ƒ �Ã�z�­�‘���»�T�À �ƒ�• �Ã�� �Â�„�T�¥ �Æ ���•�Ð�Æ�s�Ð�Q�d�Ä���·�z�•�� ���„�g���h�h�• �O���e�Ð�·�z�•��

���>�Ñ�Ñ�O�Ñ�Ù�O�Ð�Ø�O�Ð�×�O�Ð�Ö�O�Ð�Ô�O�Ð�Ò�O�Ð�Ñ�O�Ð�Ð�O�Ð�Ù�O�Ø�O�×�O�Ö�O�Õ�O�Ô�O�Ó�O�Ñ�O�Ð�@ �Ã�g �•�Ç�• �Ÿ�Ç�u�ƒ ���l�‰�c �Â�€�• �f�¹�u

�k�ƒ�Ç�‘ �¿�S�€�g ���€�À�•�ƒ�Æ�W �l�‰�•���h�g �l�T�¢�h�m �·�‘�c �d�g �c�ƒ �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ �Q�d�Ä���g�•�ƒ�„�S�… �…�c �l�}�„�g �¾�•�„�� �Ã�ö�ƒ�d�ë�z�S �Œ�S�d�½�À �>�Ð�Ó�@�Õ�c�€�Á�T�¼�9�d�¼

' 0(�Ó) > �Ó�Æ' (�Ó) = �Ê�˜�S�c�„�• �d�g �Ã�� �€�•�d�g(< f ' (z)g > �Ó) �l�h�r�¼ �l�±�T�±�y �V�†�u �d�g �…�ƒ�c�����m �l�¹�T�¹�z�m � �g�d�m' �»�T�Á�����l�¼ �“�„�¬ �Ã��

�:�v�T�n�À �ƒ�• ���•�ƒ�d�"�Á�g �d�Ä���¶�Ç�™ �ƒ�Ç�z�¼ �Ã�g �l�h�Š�À �¾�ƒ�d�±�n�¼ �Æ' (�Ó) = �Ê�Ã�g �l�h�Š�À �¾�Ç�!���g�ƒ�d�n�‰ �Q�c���h�T�y�d�À �Ã�g �c�ƒD �•�„�° ' �l�•�d�"�À �Æ �Â�€�• �¶�d�¼�„�À

�Œ�S�d�½�À� �•�d�½�À �d�g �c�ƒ �c�€�Á�T�¼�9�d�¼ � �g�c�Ç�m �…�c �Â�•�ƒ �¿�S�c ���>�Ò�@�Ó< ' 0(�Ó) � �Ë�»�S�ƒ�c�• �Æ �l�‰�c �Q�ƒ�Æ�•�Ç�b�m�c�ƒ�d�� � �g�c�Ç�m �9�•�ƒ �…�c �Q�Ç�–�¡' �l�•�d�"�À �¾�W

���0�D���0�L�Q�G�D
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�×�Ö�ê�Ö�Ð(�Ê�Í�Ó�Ó) �Ó �Â�ƒ�d�½�• �O�Õ �€�¹�u ���Ã�¢�¼�d�u �Æ �l�•�d�S�ƒ �Ã�S�„�Ž�À �O�x�T�Š�¼ �l�À�d�š�¹�‰ ���Æ

���€�À�•�Ç�½�À �l�¬�„�¢�¼ �„�S�… �k�ƒ�Ç�‘���h�g �c�ƒ �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ�„�S�… �c�€�Á�T�¼�9�d�¼ ���»�T�Ä�•���l�¼

ST(' ) :=
�

f 2 A :
zf 0(z)
f (z)

� ' (z); z 2 D
�

;

CV(' ) :=
�

f 2 A : �Ê+
zf 00(z)
f 0(z)

� ' (z); z 2 D
�

:

� �g�c�Ç�m �Q�d�Ä���g�•�ƒ �Q�c�„�g �ƒ�€�À�d�Š�z�¸�c �Ã�š�g�c�ƒ ���»�T�¼�d�À���l�¼ �c�€�Á�T�¼�9�d�¼ �e�€�z�¼ � �g�c�Ç�m �9�•�ƒ �c�ƒCV(' ) �Æ �c�€�Á�T�¼�9�d�¼ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �9�•�ƒ �c�ƒST(' ) �9�•�ƒ

�·�¼�d�• �OP(' ) �9�•�ƒ' �l�•�d�"�À �Q�c�„�g ��zf 0 2 ST (' ) �„�!�c �d�Å�Á�m �Æ �„�!�cf 2 CV(' ) �l�Á�¢�S ���l�‰�c �ƒ�c�„�°�„�g �c�€�Á�T�¼�9�d�¼ �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰

�Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �9�•�ƒ ���»�T�Á�����l�¼ �«�S�„�¢�m ��p � ' �O�l�T�¢�h�m �f�Š�y�„�g �d�S��p(D) � ' (D) �Æp(�Ó) = �Ê�—�„�• �d�gp 2 H �l�¹�T�¹�z�m � �g�c�Ç�m

���•�„�� �¾�d�T�g �„�S�… �k�ƒ�Ç�‘���h�g �¾�c�Ç�m���l�¼ �c�ƒ �c�€�Á�T�¼�9�d�¼ �e�€�z�¼

f 2 ST (' ) ()
zf 0(z)
f (z)

2 P (' ); 8z 2 D;

f 2 CV(' ) () �Ê+
zf 00(z)
f 0(z)

2 P (' ); 8z 2 D:

�•�ƒ�Ç�¼ �d�Ä�„�!���Œ�Ä�Æ�	�ê �Æ �¿�T�±�±�z�¼ �˜�‰�Ç�m �Ã�� �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �…�c �Â�€�•���h�n�}�d�Á�• �Q�d�Ä���g�•�ƒ�„�S�… �O' 2 � �•�d�} �Q�d�Ä���e�d�~�n�À�c �Q�c�„�g

�l�‰�€�Á�Ä �Â�ƒ�d�"�À �Ã�gCV(' ) �ÆST(' ) �Q�d�Ä���g�•�ƒ �Ã�g �—�Ç�g�„�¼ �º�d�À �•�ƒ�c�Ç�¼ �„�r���c �ƒ�• ���€�•�d�g���l�¼ �…�ƒ�c�����m' �l�¹�T�¹�z�m �l�•�d�"�À �O�l�‰�c �Ã�n�¬�„�! �ƒ�c�„�° �l�‰�ƒ�„�g

���•�•�„�!���l�¼�„�g�Ê+ zf 00(z)=f 0(z) �Æzf 0(z)=f (z) �l�T�½�� �l�z�mD �…�d�g �€�y�c�Æ �•�„�°
�Ö�€�T�a�Æ�„�­�À �w�S �˜�‰�Ç�m �Â�€�• �•�Æ�€�z�¼ �Q�d�Ä���h�Á�¼�c�• �Ã�g �—�Ç�g�„�¼P �€�S�€�u �Ã�¡�Ç�½�v�¼�„�S�… �«�S�„�¢�m �d�g �»�T�Á�����l�¼ �‹�­�m �ƒ�Ç�ž�Á�¼ �¿�S�c �Q�c�„�g

@N (s) =

(

u + iv :
h
(u � �Ê)�Ë+ v�Ë� �Ís�Ë

i �Ì
= �Ê�Ó�Ñs�Ív�Ë; �Ó< s �

p
�Ë

�Í

)

;

�•�ƒ�Ç�¼ �c�ƒ �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ �O�€�•�d�g���l�¼ ���€�• �€�Ä�c�Ç�} �«�S�„�¢�m �Ã�¼�c�•�c �ƒ�• �Ã�� �l�n�•�d�"�À��' (D) �l�‰�€�Á�Ä �Â�ƒ�d�"�À �d�g �„�•�d�Á�n�¼ �Ã��

�Æzf 0(z)=f (z) �Q�d�Ä���l�T�½�� �Oz 2 D �„�Ä �Q�c�„�g �Ã��f 2 A �·�¼�d�• � �g�c�Ç�m �Q�d�Ä���g�•�ƒ �„�}�S�• �k�ƒ�d�h�¡���h�g ���»�T�Ä�• �ƒ�c�„�° �l�‰�ƒ�„�g �Æ �Ã�¢�¸�d�š�¼

���»�T�Á�����l�¼ �l�¬�„�¢�¼ �c�ƒ �O�€�À�ƒ�c�• �ƒ�c�„�°@N (s) �€�T�a�Æ�„�­�À �Ã�T�y�d�À �¾�Æ�ƒ�• �ƒ�•�Ê+ zf 00(z)=f 0(z)

@N (s) �€�T�a�Æ�„�­�À �˜�‰�Ç�m �Â�€�• �•�Æ�€�z�¼ �Ã�Á�¼�c�• �w�S �Q�Æ�ƒ �„�g �c�ƒD �…�d�g �€�y�c�Æ �•�„�° �Ã�� �»�T�Á�� �c�€�T�ê �l�¹�T�¹�z�m � �g�d�m �w�S �»�T�Ä�c�Ç�}���l�¼ �Ã�¼�c�•�c �ƒ�•

�Æ �¯�T�±�z�m �¿�S�c �…�c �l�¢�T�h�™ �‹�„�n�Š�! �w�S �¾�c�Ç�Á�¡���h�g ���»�T�Ä�• �ƒ�c�„�° �l�‰�ƒ�„�g �•�ƒ�Ç�¼ �Æ �«�S�„�¢�m �c�ƒ �Ã�Á�¼�c�• �¿�S�c �Ã�g �Ã�n�Š�g�c�ÆP �…�c �Q�c���g�•�c�Ç�À�d�}�„�S�… �Æ �•�ƒ�d�"�Á�g

�«�S�„�¢�m �c�ƒ@N (s) �€�T�a�Æ�„�­�À �˜�‰�Ç�m �Â�€�•�•�Æ�€�z�¼ �e�€�z�¼ � �g�c�Ç�m �…�cCVN (s) �Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �…�cST N (s) �Q�d�Ä���g�•�c�Ç�À�d�}�„�S�… �d�¼ �O�l�‰�ƒ�„�g

���»�T�Ä�€�g �Ã�a�c�ƒ�c �c�ƒ �€�•�d�gST N (s) �ÆST N (s) �Q�d�Ä���g�•�ƒ �…�c �Q�Ç�–�¡f 2 A �l�•�d�"�À �Ã���Á�S�c �Q�c�„�g �l�¬�d�� �—�„�• �»�T�Á�����l�¼ �‹�­�m �Æ �»�T�Á�����l�¼

���l�‰�c �ƒ�c�•�Ç�}�„�g �Q�•�d�S�… �l�T�½�Ä�c �…�c �†�T�À �d�Ä���g�•�ƒ �¿�S�c�×�¶�d�¼�„�n�Š���c � �g�c�Ç�m �¾�•�ƒ�Æ�W �l�‰�•���h�g �¿�T�Á�÷�½�Ä

�¾�W �•�c�Ç�} �ÆP (Ns) �Â�•�ƒ ���Ñ

�˜�‰�Ç�m �Â�€�• �•�Æ�€�z�¼ �Ã�Á�¼�c�• �w�S �Q�Æ�ƒ �c�ƒD �€�y�c�Æ �•�„�° �Ã�� �l�‰�c �Â�€�• �Ã�a�c�ƒ�c �l�¹�T�¹�z�m �l�•�d�"�À �w�S �…�c �l�¹�’�­�¼ �w�„�• �Œ�~�g �¿�S�c �ƒ�•

�»�T�Á�� �“�„�¬ ���•�ƒ�d�"�À���l�¼ �O�•�ƒ�c�• �ƒ�c�„�° �l�‰�c�ƒ �Ã�z�­�‘���»�T�À �ƒ�• �Ã��@N (s)

���Ð�����Ñ�� Ns(z) = �Ê+ �Ìsz � sz�Ì (s > �Ó; z 2 D) :

���1�H�S�K�U�R�L�G���(�[�W�U�H�P�D�O
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�×�Ö�ê�Ö�Ð(�Ê�Í�Ó�Ó) �Ó �Â�ƒ�d�½�• �O�Õ �€�¹�u ���Ã�¢�¼�d�u �Æ �l�•�d�S�ƒ �Ã�S�„�Ž�À �O�€�T�a�Æ�„�­�À �Ã�g �•�Æ�€�z�¼ �Ã�Á�¼�c�• �d�g �˜�h�m�„�¼ �e�€�z�¼ �Æ �¾�Ç�!�����g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ�„�S�…

� �g�d�m �O�>�Ñ�Ð�@ �¯�h�™

Ns(z) � �Ê
�Ìs

= z �
�Ê
�Ì

z�Ì (z 2 D) ;

�„���• ���€�•�d�g���l�¼ �…�ƒ�c�����m �¾�W � �h�m �Ã�g �Æ �¾�Ç�!���g�ƒ�d�n�‰D �ƒ�•s �¾�•�Ç�g �l�h�r�¼ �Ã�g �Ã�u�Ç�m �d�gNs(z) � �g�d�m �¿�S�c�„�g�d�Á�g ���l�‰�c �¾�Ç�!���g�ƒ�d�n�‰D �Q���h�z�S �•�„�° �„�g

�¾�c�Ç�m���l�¼ �l�n�y�c�ƒ���h�g ���l�‰�c �Ã�n�¬�„�! �ƒ�c�„�° �l�‰�ƒ�„�g �•�ƒ�Ç�¼ �·�¼�d�� �ƒ�Ç�™���h�g �>�Ñ�Ð�@ �Ã�¸�d�±�¼ �ƒ�•N �Ê=�Ì � �g�d�m �Os = �Ê=�Ì �ƒ�c�€�±�¼ �Q�c�„�g �Ã�� �l�‰�c �º�…�¬ �Ã�n���À �¿�S�c

�����Ñ�·�z�•�� �•�ƒ�d�"�À���l�¼@N (s) �Q�Æ�„�g �c�ƒT �€�y�c�Æ �Â�„�S�c�•Ns(z) �l�•�d�"�À �Ã�� �•�„�� �l�‰�ƒ�„�g
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u

v

��s = �Ì �Q�c�„�gNs(z) �l�•�d�"�À �l�z�mD �Â�ƒ�d�"�À���Ñ �·�z�•

�»�S�ƒ�Æ�W���l�¼ �l�‰�•���h�g �O�Ó� � < �Ë� �¾�W �ƒ�• �Ã��z = ei� �¾�•�c�• �ƒ�c�„�° �d�g � �°�c�Æ �ƒ�•

Ns

�
ei�

�
= �Ê+ �Ìsei� � se�Ìi�

= �Ê+ �Ìscos� � scos�Ì� + i (ssin � � s sin �Ì� ):

�»�T�Ä�•���l�¼ �ƒ�c�„�° �O�>�Ð�����Ð �Ã�T�–�° �O�Ñ�Ð�@ �Ã�g�d�Ž�¼

u := <
n

Ns

�
ei�

�o
= �Ê+ �Ìscos� � scos�Ì�;

v := =
n

Ns

�
ei�

�o
= �Ìssin � � s sin �Ì� = �Íssin�Ì �:

�»�S�ƒ�c�• �„�T�}�c �k�¬�•�d�¢�¼ �…�c �Â�•�d�­�n�‰�c �d�g

(u � �Ê)�Ë+ v�Ë= �Ê�Ós�Ë� �Ïs�Ëcos�Ë� = �Ís�Ë� �Ê�Ës�Ësin�Ë�

= �Ís�Ë� �Ê�Ës�Ë
�

v
�Ís

� �Ë=�Ì
:

�Ö�Ô �?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R

http://dx.doi.org/10.22108/MSCI.2022.134111.1511 


�×�Ö�ê�Ö�Ð(�Ê�Í�Ó�Ó) �Ó �Â�ƒ�d�½�• �O�Õ �€�¹�u ���Ã�¢�¼�d�u �Æ �l�•�d�S�ƒ �Ã�S�„�Ž�À �O�x�T�Š�¼ �l�À�d�š�¹�‰ ���Æ

�l�•�Ç�À �¾�c�Ç�m���l�¼ �l�S�d�Å�À �ƒ�•

h
(u � �Ê)�Ë+ v�Ë� �Ís�Ë

i �Ì
= �Ê�Ó�Ñs�Ív�Ë:

�c�ƒ�Ê� �Ë
p

�Ës �•�Ç�} �ƒ�c�€�±�¼ �¿�S�„�n�½�� �Æ �•�„�T�!���l�¼�Ð�= �Í �Æ�= �Í �—�d�±�À �ƒ�• �c�ƒ�Ê+ �Ë
p

�Ës �•�Ç�} �ƒ�c�€�±�¼ �¿�S�„�n�Ž�T�g<
�

Ns
�
ei�

�	
�l�•�d�"�À

�����Ò�·�z�•�� ���€�Á�����l�¼ �ƒ�d�T�n�}�c�Î�= �Í �Æ�Ì�= �Í �—�d�±�À �ƒ�•

�?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R �Ö�Õ
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�×�Ö�ê�Ö�Ð(�Ê�Í�Ó�Ó) �Ó �Â�ƒ�d�½�• �O�Õ �€�¹�u ���Ã�¢�¼�d�u �Æ �l�•�d�S�ƒ �Ã�S�„�Ž�À �O�€�T�a�Æ�„�­�À �Ã�g �•�Æ�€�z�¼ �Ã�Á�¼�c�• �d�g �˜�h�m�„�¼ �e�€�z�¼ �Æ �¾�Ç�!�����g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ�„�S�…

1 - 2 s 1 + 2 s

1 + 2 2 s1 - 2 2 s

4 s

-4 s

0.0 0.5 1.0 1.5 2.0
-1.0

-0.5

0.0

0.5

1.0

u

v

��s = �Ó�Õ�Ë�Q�c�„�g=
�

Ns
�
ei�

�	
�Æ<

�
Ns

�
ei�

�	
�Q�d�Ä���l�•�d�"�À �„�S�•�d�±�¼ �¿�S�„�n�½�� �Æ �¿�S�„�n�Ž�T�g �l�T�¢�°�Ç�¼���Ò �·�z�•

���•�„�� �Ã�‘�­�} �„�S�… �k�ƒ�Ç�‘���h�g �¾�c�Ç�m �l�¼ �c�ƒ �¬�d�g �Â�€�¼�W �l�‰�•���h�g �t�S�d�n�À

���»�S�ƒ�c�•���Ð�����Ñ�� �Ã�š�g�c�ƒ �d�g �Â�€�•���«�S�„�¢�mNs �l�•�d�"�À �Q�c�„�g�>�Ñ�Ð�@���Ð�����Ñ �Ã�T�–�°

�Ê� �Ë
p

�Ës < < fN s(z)g < �Ê+ �Ë
p

�Ës; z 2 D;

� �Ís < = fN s(z)g < �Ís; z 2 D;

N (s) := Ns(D) =
�

u + iv :
h
(u � �Ê)�Ë+ v�Ë� �Ís�Ë

i �Ì
< �Ê�Ó�Ñs�Ív�Ë; s > �Ó

�
:

g(z) := �¾�•�c�• �ƒ�c�„�° �d�g ���Ó< s �
p

�Ë=�Í �Ã�� �•�ƒ�c�• �ƒ�c�„�°P �9�•�ƒ �ƒ�•Ns �l�•�d�"�À �l�m�ƒ�Ç�‘ �ƒ�• �l�¬�„�! �Ã�v�T�n�À �¾�c�Ç�m���l�¼�Ð�����Ñ�Ã�T�–�° �…�c

�»�S�„�T�!���l�¼ �Ã�v�T�n�Àz 2 D �„�Ä �Q�c�„�g �O(Ns(z) � �Ê)=(�Ìs)

zg0(z)
g(z)

=
�Ì � �Ìz�Ë

�Ì � z�Ë =: w:

��< f wg > �Ó�»�S�ƒ�c�•z�Ë= ( �Ê� w)=(�Ê� (�Ê=�Ì)w) �k�ƒ�d�h�¡ �Q�c�„�g �Ã�� �€�Ä�•���l�¼ �¾�d�Ž�À �O�>�Ó �Ã�z�­�‘ �O�Ñ�Ð�@ �Ã�¸�d�±�¼ �€�Á�À�d�½�Ä �k�d�h�‰�d�z�¼

���l�‰�c�Ê�Ã�š�±�À �Ã�g �l�h�Š�À �¾�Ç�!���g�ƒ�d�n�‰Ns �l�•�d�"�À �Æg 2 ST �¿�S�c�„�g�d�Á�g

�l�‰�c �l�h�r�¼ �l�±�T�±�y �V�†�u �Q�c�ƒ�c�• �ÆNs(�Ó) = �Ê�Ã�g �l�h�Š�À �¾�Ç�!���g�ƒ�d�n�‰ �Æ �…�ƒ�c�����mD �ƒ�•Ns �l�•�d�"�À �O�Ó< s �
p

�Ë=�Í �Q�c�„�g �¾�Ç�ö

N 0
s(�Ó) = �Ìs > �Ó�ÆNs(�Ó) = �Ê�Â�†�T�¸�d�¼�„�À �—�„�• �ƒ�• �Æ �l�‰�c �l�±�T�±�y �ƒ�Ç�z�¼ �Ã�g �l�h�Š�À �¾�ƒ�d�±�n�¼N (s) = Ns(D) �Ã�Á�¼�c�• �¿�T�Á�÷�½�Ä �Æ

�Q�ƒ�Æ�•�Ç�b�m�c�ƒ�d�� � �g�d�m �Ã�g �Ã�n�Š�g�c�Æ �c�€�Á�T�¼�9�d�¼ �Ÿ�Ç�À �…�c �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �…�c �Q�d�Ä���g�•�ƒCV(Ns) �ÆST (Ns) �¿�S�c�„�g�d�Á�g �O�€�Á�����l�¼ �®�€�‘

���€�Á�n�Š�Ä �«�S�„�¢�m���‹�Ç�}Ns

�»�S�ƒ�c�• �Æ �»�T�Ä�•���l�¼ �Œ�S�d�½�ÀP (Ns) �•�d�½�À �d�g �c�ƒp(z) � N s(z) �Oz 2 D �„�Ä �Q�c�„�g �Æp(�Ó) = �Ê�Ã��p 2 H � �g�c�Ç�m �9�•�ƒ���Ñ�����Ñ �«�S�„�¢�m

P (Ns) = f p(z) = �Ê+ p�Êz + p�Ëz
�Ë+ � � � ; p(z) � N s(z); z 2 Dg � P :

�Ö�Ö �?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R
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�×�Ö�ê�Ö�Ð(�Ê�Í�Ó�Ó) �Ó �Â�ƒ�d�½�• �O�Õ �€�¹�u ���Ã�¢�¼�d�u �Æ �l�•�d�S�ƒ �Ã�S�„�Ž�À �O�x�T�Š�¼ �l�À�d�š�¹�‰ ���Æ

���l�Š�T�À �e�€�z�¼D �ƒ�•Ns �l�•�d�"�À �¿�T�Á�÷�½�Ä ���•�ƒ�d�"�À���l�¼ �e�€�z�¼ �Ã�Á�¼�c�• �„�g �c�ƒjzj < �Ê=
p

�Ì �•�„�° Ns(z) �l�•�d�"�À�>�Ñ�Ð�@���Ò�����Ñ �Ã�T�–�°

�Ã�T�–�° �O�Ð�Ó�@ �¯�h�™ ���l�‰�c �ƒ�c�„�°�„�g �»�z�y �>�Ð�����Ñ �»�¸ �O�Ñ�Ð�@ �…�c �Â�•�d�­�n�‰�c �d�g �¶�d�y ��g(z) := ( Ns(z) � �Ê)=(�Ìs) �»�T�Ä�•���l�¼ �ƒ�c�„�°���k�d�h�q�c

�Ã�� �•�Ç�•���l�¼ �Ã�v�T�n�À �O�>�Ñ

���Ñ�����Ñ�� Ns(� r ) � jN s(z)j � N s(r )
�

jzj = r <
�Ê

p
�Ì

�
:

�k�ƒ�d�h�¡z�Ó= � �Ê=
p

�Ì �Q�c�„�g

�Ê+
zg00(z)
g0(z)

=
�Ê� �Ìz�Ë

�Ê� z�Ë

� ���l�Š�T�À �e�€�z�¼D �ƒ�•Ns �l�•�d�"�À �c�‚�¸ �Æ �l�‰�c �„�­�‘ �„�g�c�„�g

CVN (s) �ÆST N (s) �Q�d�Ä���g�•�ƒ ���Ò

�l�‰�ƒ�„�g �Æ �l�¬�„�¢�¼ �c�ƒ@N (s) �€�T�a�Æ�„�­�À �˜�‰�Ç�m �Â�€�• �•�Æ�€�z�¼ �Q�d�Ä���h�Á�¼�c�• �Ã�g �—�Ç�g�„�¼ �¾�•�Ç�g �e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ �º�Ç�Å�­�¼ �Œ�~�g �¿�S�c �ƒ�•

�„�gP (Ns) �Q�d�Ä���g�•�ƒ �Æ ���e�€�z�¼ �Æ �¾�Ç�!���g�ƒ�d�n�‰ �€�Á�À�d�¼��N (s) �˜�‰�Ç�m �Â�€�• �l�¬�„�¢�¼ �Q�d�Ä���h�Á�¼�c�• �•�c�Ç�} �Ã�À�Ç�}�ö �Ã�� �»�T�Ä�•���l�¼ �¾�d�Ž�À �d�¼ ���»�T�Á�����l�¼

���€�À�ƒ�c�‚�!���l�¼ �„�T�q�Z�m �¾�W �Q�d�Ä���l�!�	�S�Æ

�—�„�• �ƒ�• �Ã��f � �g�c�Ç�m �·�¼�d�•S �9�•�ƒ �…�c �Q�c���g�•�c�Ç�À�d�} �Œ�S�d�½�À �OST N (s) �»�T�Ä�•���l�¼ �ƒ�c�„�°���Ð�����Ò �«�S�„�¢�m

���Ð�����Ò��
zf 0(z)
f (z)

� N s(z);

 

�Ó< s �

p
�Ë

�Í
; z 2 D

!

�—�„�• �ƒ�• �Ã�����Q�ƒ�Ç�™���h�g �€�Á�•�d�gf �€�Á�À�d�¼ �l�¹�T�¹�z�m � �g�c�Ç�m �9�•�ƒCVN (s) �Æ

���Ñ�����Ò�� �Ê+
zf 00(z)
f 0(z)

� N s(z);

 

�Ó< s �

p
�Ë

�Í
; z 2 D

!

:

���€�Á�Á�� �®�€�‘

�Ã�Á�¼�c�• �ƒ�•�Ê+ zf 00(z)=f 0(z) �Æzf 0(z)=f (z) �Q�d�Ä���l�T�½�� �Ã�� �€�Á�n�Š�Ä �l�Á�¢�¼ �¿�S�c �Ã�g ���Ñ�����Ò�� �Æ ���Ð�����Ò�� �˜�S�c�„�• �O�l�‰�€�Á�Ä �„�ž�À �…�c

�Q�d�Ä���h�¡�Ç�½�v�¼�„�S�…CVN (s) �ÆST N (s) �c�‚�¸ �€�À�ƒ�c�• �ƒ�c�„�° �Ã�z�­�‘ �l�‰�c�ƒ �Ã�z�­�‘���»�T�À �ƒ�•Ns(D) = N (s) �¾�Ç�ö ���€�À�ƒ�c�• �ƒ�c�„�°N (s) �€�T�a�Æ�„�­�À

�����Ó�·�z�•�� �€�Á�n�Š�ÄCV�e�€�z�¼ �ÆST �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ �”�z�¼

���€�Á�����l�¼ �e�d�v�S�c�Ñ�Œ�~�g �ƒ�• �Â�€�•���¾�d�T�gN (s) �•�c�Ç�} �O�¿�S�c �„�g �Â�Æ�­�¡

ST N (s) � ST (� ) ; CVN (s) � CV (� ) ; �Ó� � � �Ê� �Ë
p

�Ës:

�•�„�° �¿�S�„�n�!�ƒ�†�g �Æ �¿�S�„�n�z�ö�Ç��=
�

Ns
�
ei�

�	
�Æ<

�
Ns

�
ei�

�	
�Q�d�Ä���l�•�d�"�À ���Ò�·�z�•�� �»�½�T�Á�T�¼ �Æ �»�½�S�†���d�¼ �„�S�•�d�±�¼ �Ã�g �Ã�u�Ç�m �d�g

�k�ƒ�d�h�¡���h�g �O���Ô�·�z�•�� �€�Á�•�d�g���l�¼�Ís �Æ�Ës �Q�d�Ä���Ÿ�d�¢�• �d�g �Q�d�Ä���•�„�° �O�€�Á�•�d�gNs(D) �€�T�a�Æ�„�­�À �Ã�Á�¼�c�• �·�¼�d�• �Æ �¶�Ç�½�Ž�¼ �Ã��(�Ê; �Ó) �†���„�¼ �Ã�g

�„�}�S�•

Ns(D) � f w 2 C: jw � �Êj < �Ësg;���Ò�����Ò��

Ns(D) � f w 2 C: jw � �Êj < �Ísg:���Ó�����Ò��

�O�¶�c�„�"�n�À�c �w�½�� �Ã�g �Æp 2 P (Ns) �€�Á�À�d�¼ �l�¢�g�c�Ç�m �…�c �l�¹�� �º�„�¬ �¿�n�•�c�• �d�g ���€�T�S�d�½�À �Ã�ž�y�­�¼ �c�ƒ �>�Ð �Â�„�’�h�m �O�Ñ�Ð�@ �Ã�¸�d�±�¼ �Os = �Ê=�Ì �Q�c�„�g

���»�S�ƒ�Æ�W���l�¼ �l�‰�• �Ã�gCVN (s) �e�€�z�¼ �ÆST N (s) �¾�Ç�!���g�ƒ�d�n�‰ � �g�c�Ç�m �Q�d�Ä���g�•�ƒ �ƒ�• � �g�c�Ç�m �…�c �l�Ž�S�d�½�À

�?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R �Ö�×
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s =
p

�Ë=�Í ���W��

���«�¹�n�~�¼ �„�S�•�d�±�¼ �Q�c�„�gNs(z) �l�•�d�"�À �l�z�mD �Â�ƒ�d�"�À���Ó �·�z�•
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u

v

��s =
p

�Ë
�Í �Q�c�„�gNs(z) �Æw = �Ísz + �Ê�Ow = �Ësz + �Ê�Q�d�Ä���l�•�d�"�À ���l�z�mD �Â�ƒ�d�"�À���Ô �·�z�•

�l�•�d�"�À �„�!�c �d�Å�Á�m �Æ �„�!�c �•�ƒ�c�• �ƒ�c�„�°ST N (s) �9�•�ƒ �ƒ�•f �l�•�d�"�À �k�ƒ�Ç�‘���¿�S�c �ƒ�• ��f 2 A �»�T�Á�� �“�„�¬�>�Ð�����Ñ �Ã�T�–�° �O�Ñ�Ð�@���Ñ�����Ò �Ã�T�–�°

�Ã�����Q�ƒ�Ç�™���h�g �€�•�d�g �Ã�n�•�c�• �•�Ç�u�Æp 2 P (Ns)

���Ô�����Ò�� f (z) = z exp
� Z z

�Ó

p(t) � �Ê
t

dt
�

(z 2 D) :

�Ö�Ø �?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R
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�×�Ö�ê�Ö�Ð(�Ê�Í�Ó�Ó) �Ó �Â�ƒ�d�½�• �O�Õ �€�¹�u ���Ã�¢�¼�d�u �Æ �l�•�d�S�ƒ �Ã�S�„�Ž�À �O�x�T�Š�¼ �l�À�d�š�¹�‰ ���Æ

�»�T�Ä�•���l�¼ �ƒ�c�„�° ��f 2 ST N (s) �»�T�Á�� �“�„�¬���k�d�h�q�c

p(z) =
zf 0(z)
f (z)

;  (z) =
f (z)

z
(z 2 D) :

�„�Ä �Q�c�„�g (z) �l�•�d�"�À �OD �ƒ�•f �l�•�d�"�À �¾�•�Ç�g �…�ƒ�c�����m �Ã�g �Ã�u�Ç�m �d�g ��p(z) � N s(z) �Æ<f p(z)g > �Ó�Op(�Ó) = �Ê�k�ƒ�Ç�‘���¿�S�c �ƒ�•

�»�S�ƒ�c�•z �„�T�¦�n�¼ �Ã�g �l�h�Š�À �l�•�d�"�À �…�c �l�½�n�S�ƒ�d�}�¸ �Q�„�T�!���¯�n�Ž�¼ �d�g �¶�d�y ���l�‰�c �„�­�‘�d�Àz 2 D

z 0(z)
 (z)

=
zf 0(z)
f (z)

� �Ê �d�S
p(z) � �Ê

z
=

 0(z)
 (z)

:

� ���»�S�ƒ�Æ�W���l�¼ �l�‰�•���h�g �c�ƒ ���Ô�����Ò�� �Ã�š�g�c�ƒ �Oz �d�m�Ó�…�c �„�T�}�c �Ã�¸�•�d�¢�¼ �…�c �Q�„�T�!���¶�c�„�"�n�À�c �d�g �¿�S�c�„�g�d�Á�g

�»�T�•�d�g �Ã�n�•�c�• �Æf 2 ST N (s) �„�!�c

zf 0(z)
f (z)

= Ns(z);

�l�‰�cNs(z) � �T�š�¼Ns (zn ) �¾�Ç�ön = �Ê; �Ë; : : : �„�Ä �Q�c�„�g ���l�‰�c �¶�d�¼�„�n�Š���cST N (s) �9�•�ƒ �Q�c�„�gf �l�•�d�"�À �Â�d�!���¾�W

(Ns (zn ) � N s(z) �l�Á�¢�S)

���Õ�·�z�•��� s;n �Q�d�Ä���l�•�d�"�À �c�‚�¸
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��n = �Í; �Ð�Æs =
p

�Ë
�Í �Q�c�„�g� s;n (z) �l�•�d�"�À �l�z�mD �Â�ƒ�d�"�À���Õ �·�z�•

�«�S�„�¢�m �d�g

� s;n (z) = z exp
� Z z

�Ó

Ns (tn ) � �Ê
t

dt
�

= z exp
�

�Ìs
n

zn �
s

�Ìn
z�Ìn

�

= z +
�Ìs
n

zn+ �Ê+
�Ëns + �Ë�Ðs�Ë

�Ïn�Ë z�Ën+ �Ê+ � � � ;
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�»�S�ƒ�c�•n = �Ê�Q�c�„�g �Â�	�S�Æ���h�g ���€�Á�n�Š�ÄST N (s) �9�•�ƒ �Q�c�„�g �¶�d�¼�„�n�Š���c � �g�c�Ç�m

� s(z) := � s;�Ê(z) = z exp
� Z z

�Ó

Ns (t) � �Ê
t

dt
�

= z exp
�

�Ìsz �
s
�Ì

z�Ì
�

= z + �Ìsz�Ë+ � � � :

�…�ƒ�c�����m �d�Ä���l�•�d�"�À �¿�S�c �O�•�Ç�•���l�¼ �Â�€�Ä�d�Ž�¼ �Ã�� �¾�d�Á�÷�½�Ä ���l�‰�c �Â�€�• �»�‰�ƒs >
p

�Ë=�Í �Q�c�„�g� s;n (z) �Q�d�Ä���l�•�d�"�À �Â�ƒ�d�"�À �O�Ö�·�z�• �ƒ�•

���€�Á�n�Š�T�À
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��n = �Í; �Ð�Æs = �Ì �Q�c�„�g� s;n (z) �l�•�d�"�À �l�z�mD �Â�ƒ�d�"�À���Ö �·�z�•

�l�•�d�"�À �„�!�c �d�Å�Á�m �Æ �„�!�c �•�ƒ�c�• �ƒ�c�„�°CVN (s) �9�•�ƒ �ƒ�•f �l�•�d�"�À �k�ƒ�Ç�‘���¿�S�c �ƒ�• ��f 2 A �»�T�Á�� �“�„�¬�>�Ð�����Ñ �Ã�v�T�n�À �O�Ñ�Ð�@���Ò�����Ò �Ã�T�–�°

�Ã�����Q�ƒ�Ç�™���h�g �€�•�d�g �Ã�n�•�c�• �•�Ç�u�Æp 2 P (Ns)

f (z) =
Z z

�Ó
w exp

� Z w

�Ó

p(t) � �Ê
t

dt
�

dw (z 2 D) :

�Ã�T�–�° �Ã�g �d�Á�g �¶�d�y ��zf 0 2 ST N (s) �l�•�d�"�À �O�Õ�����Ð�ƒ�€�À�d�Š�z�¸�c �Ã�T�–�° �¯�h�™ �k�ƒ�Ç�‘���¿�S�c �ƒ�• ��f 2 CVN (s) �»�T�Á�� �“�„�¬���k�d�h�q�c

� ���•�Ç�•���l�¼ �·�‘�d�y �Ã�v�T�n�À�Ñ�����Ò

�»�T�•�d�g �Ã�n�•�c�• �Æf 2 CVN (s) �„�!�c

�Ê+
zf 00(z)
f 0(z)

= Ns(z);

�Q�d�Ä���l�•�d�"�À �c�‚�¸ �l�‰�cNs(z) � �T�š�¼Ns(zn ) �¾�Ç�ön = �Ê; �Ë; : : : �„�Ä �Q�c�„�g ���l�‰�c �¶�d�¼�„�n�Š���cCVN (s) �9�•�ƒ �Q�c�„�gf �l�•�d�"�À �Â�d�!���¾�W

�«�S�„�¢�m �d�gK s;n

K s;n (z) =
Z z

�Ó
w exp

� Z w

�Ó

Ns(tn ) � �Ê
t

dt
�

dw

=
Z z

�Ó
exp

�
�Ìs
n

tn �
s

�Ìn
t �Ìn

�
dt = z +

�Ìs
n(n + �Ê)

zn+ �Ê+ � � �
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�»�S�ƒ�c�•n = �Ê�Q�c�„�g �Â�	�S�Æ���h�g ���€�Á�n�Š�ÄCVN (s) �9�•�ƒ �Q�c�„�g ���×�·�z�•�� �¶�d�¼�„�n�Š���c � �g�c�Ç�m

K s(z) := K s;�Ê(z) =
Z z

�Ó
w exp

� Z w

�Ó

Ns(t) � �Ê
t

dt
�

dw

=
Z z

�Ó
exp

�
�Ìst �

s
�Ì

t �Ì
�

dt = z +
�Ìs
�Ë

z�Ë+ � � � :
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��n = �Í; �Ð�Æs =
p

�Ë
�Í �Q�c�„�gK s;n (z) �l�•�d�"�À �l�z�mD �Â�ƒ�d�"�À���× �·�z�•

�—�„�• �ƒ�•f 2 A �„�!�c �O�•�„�� �s�d�n�Á�n�‰�c �¾�c�Ç�m���l�¼ ���Ò�����Ò�� �Ã�š�g�c�ƒ �w�½�� �Ã�g

���Õ�����Ò��

�
�
�
�
zf 0(z)
f (z)

� �Ê
�
�
�
� < L �Ó� �Ës (z 2 D)

�Ozf 0 2 CVN (s) �„�!�c �d�Å�Á�m �Æ �„�!�cf 2 ST N (s) �Ã���Á�S�c �“�„�¬ �Æ �„�T�}�c �Ã�š�g�c�ƒ���h�g �Ã�u�Ç�m �d�g �¶�d�y ��f 2 ST N (s) �Â�d�!���¾�W �O�€�Á�� �®�€�‘

���l�¬�„�! �Ã�v�T�n�À �c�ƒ �„�S�… �Â�ƒ�c�†�! �¾�c�Ç�m���l�¼

�Q�d�Ä���¶�d�r�¼ �„�S�… �Q�d�Ä���l�•�d�"�À ���€�Á�n�Š�Ä �l�Å�m�d�ÀCVN (s) �ÆST N (s) �Q�d�Ä���g�•�ƒ �k�ƒ�Ç�‘���¿�S�c �ƒ�• ���Ó< s �
p

�Ë=�Í �»�T�Á�� �“�„�¬���Ó�����Ò �Â�ƒ�c�†�!

���€�Á�n�Š�Ä �d�Ä���g�•�ƒ �¿�S�c �…�c

�Ã�v�T�n�À �ƒ�• ��an 2 C �»�T�Á�� �“�„�¬ �On = �Ë; �Ì; : : : �Q�c�„�g���Ð��

f (z) = z + anzn 2 ST N (s) () j an j �
�Ës

n � �Ê+ �Ës
:

���•�Ç�•���Ã�ž�y�­�¼�>�Ò�����Ó �Ã�v�T�n�À �Æ �Ò�����Ó �Ã�T�–�° �O�Ñ�Ð�@�Os = �Ê=�Ì �¶�d�½�¡�c �d�g

�k�ƒ�Ç�‘�����¿�S�c �ƒ�• ��an 2 C �»�T�Á�� �“�„�¬ �On = �Ë; �Ì; : : : �Q�c�„�g���Ñ��

f (z) = z + anzn 2 CVN (s) () n jan j �
�Ës

n � �Ê+ �Ës
:

�?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R �×�Ñ
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�k�ƒ�Ç�‘�����¿�S�c �ƒ�• ��A 2 C �»�T�Á�� �“�„�¬���Ò��
8
>><

>>:

z
(�Ê� Az)�Ë2 ST N (s)

z
�Ê� Az

2 CVN (s)
() j Aj �

s
�Ê+ s

;

8
>>><

>>>:

z
�Ê� Az

2 ST N (s) () j Aj �
�Ës

�Ê+ �Ës

�
ln( �Ê� Az)

A
2 CVN (s) () �Ó< jAj �

�Ës
�Ê+ �Ës

8
><

>:

z exp(Az) 2 ST N (s) () j Aj � �Ës;

exp(Az) � �Ê
A

2 CVN (s) () �Ó< jAj � �Ës:

�„�­�‘�„�T�¥ � �g�d�m �…�c �l�½�n�S�ƒ�d�}�¸ �¯�n�Ž�¼ ���l�‰�c �…�ƒ�c�����mD �ƒ�•f (z) = z + anzn �l�•�d�"�Àjan j � �Ê=n �Q�c�„�g���Ð�� ���k�d�h�q�c

�€�Á�����l�¼ �e�d�v�S�cz 2 D �„�T�¦�n�¼ �Ã�g �l�h�Š�Àf (z)=z = �Ê+ anzn� �Ê

���Ö�����Ò�� W (z) :=
zf 0(z)
f (z)

= �Ê+
(n � �Ê) anzn� �Ê

�Ê+ anzn� �Ê ; (z 2 D) :

�¶�•�d�¢�¼ �ƒ�Ç�™���h�g �d�S �OW (z) � N s(z) �»�T�Ä�• �¾�d�Ž�À �O�l�T�¢�h�m �·�‘�c �…�c �Â�•�d�­�n�‰�c �d�g �l�‰�c �l�¬�d�� ��f 2 ST N (s) �Ã�����¿�S�c �k�d�h�q�c �Q�c�„�g

�…�c ��jan j � �Ê=n �»�S�„�T�!���l�¼ �Ã�v�T�n�À �¿�S�c�„�g�d�Á�g ��ST N (s) � ST �¾�Ç�ö ���l�‰�c �…�ƒ�c�����mNs � �g�d�m �c�„�S�… ��W (D) � N s(D)

�»�S�ƒ�c�• ���Ö�����Ò�� �Ã�š�g�c�ƒ

���×�����Ò��

�
�
�
�
zf 0(z)
f (z)

� �Ê
�
�
�
� <

(n � �Ê)jan j
�Ê� j an j

:

�»�S�„�T�!���l�¼ �Ã�v�T�n�À ���×�����Ò�� �Æ ���Õ�����Ò�� �˜�g�c�Æ�ƒ �…�c �¶�d�y

(n � �Ê)jan j
�Ê� j an j

� �Ës

���€�Á�����l�¼ �l�g�d�q �c�ƒ �»�z�y �¿�S�c �Æ

�¶�d�½�¡�c �d�g ��zf 0(z) = z + nanzn 2 ST N (s) �»�S�ƒ�c�• �k�ƒ�Ç�‘ �¿�S�c �ƒ�• ��f (z) = z + anzn 2 CVN (s) �€�T�Á�� �“�„�¬���Ñ��

���•�Ç�•���l�¼ �·�‘�d�y �»�z�y ���Ð�� �l�½�Š�° �Ã�v�T�n�À

� ���€�Á�n�Š�Ä ���Ñ�� �Æ ���Ð�� �Q�d�Ä���l�½�Š�° �¾�d�Ä�„�g �Ã�T�h�• �„�}�S�• �Q�d�Ä���l�½�Š�° �¾�d�Ä�„�g���Ò��

�»�T�À�c�Ç�m���l�¼ �O�>�Ð�Ó�@ � �u�„�¼ �Q�d�Ä���h�T�–�° �Æ�Ò�����Ñ�Ã�T�–�° �w�½�� �Ã�g �¿�T�Á�÷�½�Ä �ÆNs 2 � �O�Ó< s �
p

�Ë=�Í �„�Ä �Q�c�„�g �Ã���Á�S�c���h�g �Ã�u�Ç�m �d�g

���»�S�„�T�}�g �Ã�v�T�n�À �c�ƒ �„�S�… �Q�d�Ä�����g�ƒ�c�†�!

�k�ƒ�Ç�‘���¿�S�c �ƒ�• ��jzj = r < �Ê�Æf 2 ST N (s) �€�T�Á�� �“�„�¬�>�Ñ�����Ñ �Ã�T�–�° �O�Ñ�Ð�@���Ô�����Ò �Â�ƒ�c�†�!

���l�T�¢�h�m �Q�d�Ä���h�T�–�°���Ð��

zf 0(z)
f (z)

�
z� 0

s(z)
� s(z)

;
f (z)

z
�

� s(z)
z

= exp
�

�Ìsz �
s
�Ì

z�Ì
�

:
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�»�S�ƒ�c�• �O���Ñ�����Ñ�� �Ã�š�g�c�ƒ���h�g �Ã�u�Ç�m �d�g ���l�¹�z�•�„�!�• �Ã�T�–�°���Ñ��

� 0
s(� r ) �

�
� f 0(z)

�
� � � 0

s(r ); jzj = r � �Ê=
p

�Ì:

��� � s(� r ) � j f (z)j � � s(r ) ���€�•�ƒ �Ã�T�–�°���Ò��

���¾�c�ƒ�Æ�• �Ã�T�–�°���Ó��
�
�
�
�arg

�
f (z)

z

� �
�
�
� � max

jzj= r
arg

�
exp

�
�Ìsz �

s
�Ì

z�Ì
��

� �Ìrs +
sr �Ì

�Ì
:

� �g�d�m �l�Á�¢�S �O�€�•�d�g� s � �g�d�m �…�c �l�À�c�ƒ�Æ�•f �„�!�c �d�Å�Á�m �Æ �„�!�c �l�‰�c �ƒ�c�„�°�„�g �Q�Æ�d�Š�mz 6= �Ó�w�S �Q�c�„�g ���Ò�� �Æ ���Ñ�� �Q�d�Ä���l�¸�d�y �ƒ�•

� � s(�z ) = z exp
�

�Ìs�z �
s
�Ì

� �Ìz�Ì
�

(z 2 D) ;

���€�•�d�g���l�¼ �w�S �¯�¹�š�¼�ƒ�€�° �d�g �˜�¹�n�~�¼ �l�g�d�q �•�€�¡� �Ã��

�d�S �O�l�‰�c� s �…�c �l�À�c�ƒ�Æ�•f �d�S���Ô��
�

w 2 C: jwj � � � s(� �Ê) = exp
�

�
�Ñs
�Ì

��
� f (D);

��� � s(� �Ê) = lim r 7�! �Ê� � � s(� r ) �Ã�����Q�ƒ�Ç�™���h�g
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�
zK 00

s (z)
K 0

s(z)
; f 0(z) � K 0

s(z):

��K 0
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�$�E�V�W�U�D�F�W���2�Q�H �R�I �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �D�Q�G �L�Q�W�H�U�H�V�W�L�Q�J �W�R�S�L�F�V �L�Q �W�K�H �J�H�R�P�H�W�U�L�F �I�X�Q�F�W�L�R�Q �W�K�H�R�U�\ �L�V �W�K�H �F�O�D�V�V�H�V �R�I �V�W�D�U�O�L�N�H �D�Q�G

�F�R�Q�Y�H�[ �I�X�Q�F�W�L�R�Q�V �R�I �0�D���0�L�Q�G�D �W�\�S�H �R�Q �W�K�H �X�Q�L�W �G�L�V�ND = f z 2 C: jzj < 1g �Z�K�L�F�K �D�U�H �G�H�I�L�Q�H�G �E�\ �V�X�E�R�U�G�L�Q�D�W�L�R�Q�� �/�H�WA

�E�H �W�K�H �F�O�D�V�V �R�I �I�X�Q�F�W�L�R�Q�Vf �� �D�Q�D�O�\�W�L�F �L�Q �W�K�H �X�Q�L�W �G�L�V�FD = f z : jzj < 1g �R�Q �W�K�H �F�R�P�S�O�H�[ �S�O�D�Q�HC�� �Z�L�W�K �W�K�H �Q�R�U�P�D�O�L�]�D�W�L�R�Q

f (0) = f 0(0) � 1 = 0 �� �D�Q�GST N (s) �D�Q�GCVN (s) �E�H �D �I�D�P�L�O�\ �R�I �V�W�D�U�O�L�N�H �D�Q�G �F�R�Q�Y�H�[ �I�X�Q�F�W�L�R�Q�Vf 2 A �V�R �W�K�D�W �I�R�U

�H�D�F�Kz 2 D�� �V�X�F�K �W�K�D�W �W�K�H �T�X�D�Q�W�L�W�\zf 0(z)=f (z) �R�U1 + zf 00(z)=f 0(z) �U�H�V�S�H�F�W�L�Y�H�O�\ �D�U�H �O�\�L�Q�J �L�Q �W�K�H �U�H�J�L�R�Q �E�R�X�Q�G�H�G �E�\

�W�K�H �1�H�S�K�U�R�L�G
�
(u � 1)2 + v2 � 4s2� 3

= 108s4v2; 0 < s �

p
2

4
:

�,�Q �W�K�L�V �S�D�S�H�U�� �V�R�P�H �S�U�R�S�H�U�W�L�H�V �D�Q�G �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �F�O�D�V�V�H�VST N (s) �D�Q�GCVN (s) �G�H�I�L�Q�H�G �E�\ �W�K�H �0�D���0�L�Q�G�D �W�\�S�H�� �O�L�N�H

�W�K�H �V�W�U�X�F�W�X�U�H �R�I �I�X�Q�F�W�L�R�Q�V �L�Q �W�K�H�V�H �F�O�D�V�V�H�V�� �Z�H �V�W�X�G�\ �H�[�W�U�H�P�H �I�X�Q�F�W�L�R�Q�V�� �J�U�R�Z�W�K �W�K�H�R�U�H�P�� �G�L�V�W�R�U�D�W�L�R�Q�� �D�Q�G �U�R�W�D�W�L�R�Q �W�K�H�R�U�H�P��

�.�H�\�Z�R�U�G�V���8�Q�L�Y�D�O�H�Q�W �I�X�Q�F�W�L�R�Q�V�� �6�W�D�U�O�L�N�H �D�Q�G �F�R�Q�Y�H�[ �I�X�Q�F�W�L�R�Q�V�� �6�X�E�R�U�G�L�Q�D�W�L�R�Q�� �G�R�P�D�L�Q �E�R�X�Q�G�H�G �E�\ �1�H�S�K�U�R�L�G��

�0�D�V�L�K �9�D�O�L �6�R�O�W�D�Q�L

�'�H�S�D�U�W�P�H�Q�W �R�I �0�D�W�K�H�P�D�W�L�F�V�� �3�D�\�D�P�H �1�R�R�U �8�Q�L�Y�H�U�V�L�W�\�� �7�H�K�U�D�Q�� �,�U�D�Q

�(�P�D�L�O�� �Y�B�V�R�O�W�D�Q�L�#�S�Q�X���D�F���L�U

�&�R�P�P�X�Q�L�F�D�W�H�G �E�\ �0�R�K�D�P�D�G �5�H�]�D �3�R�X�U�\�D�\�H�Y�D�O�L��

�$�U�W�L�F�O�H �7�\�S�H�� �3�U�R�P�R�W�L�R�Q�D�O �3�D�S�H�U��

�5�H�F�H�L�Y�H�G�� ���������������������� �$�F�F�H�S�W�H�G�� ����������������������

�×�Ö �?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�R�y�3�f�J�a�*�A�X�k�y�k�k�X�R�j�9�R�R�R�X�R�8�R�R
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