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8����! BC = DCCE
F '�&>��� � = ) � �����

G HI JKLMN : 9O.� �#��! #�����#��! = . "� '�# �"'-��� ��- � "�#��! = PQ6 = &"#R
.�!�!�"��' �!�� ��� = &"#.�!��� ��- � "�#��! = S""$R����$ &"#."��!� #�!� ��'� = $�!�����
#�����# ��! = - ����'�T�!�"� = ".!�# �T�!�"� ;
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8 . "�'�# �"'- ��� ��- � "�#��! �*�9 � �� � &"#.�!�!�"��' ���!�# !��! . "- �$�� �
&"#.'�!� ��$ &"�-�����! ��! "( ���� '�-�' !" "'� (" �"'- ��� . "� '�# � ( "# � �. �&�/& $"#��� ;
3��� !����� !�>�� �� ��R$�.!� '""> �! !�� �O.� �#��! #�����# ��! ��. �&! "( * �9� = S��&� &��
� � $�- �$�$ ��!" !� �� '�-�'� : B� $�!� #�����#��! = D� &����� #�����#��! = ��$ �� �O�&�!�"�
#�����# ��! ; 8! !�� $�!� #�����#��! '�-�' = ���!����  �'�!�$ !" �� �O. � �#��! �&"#.�!� 
��#�'�!�"� � ��"�'$ � � �!" �$ ��$ $" &�#��!�$ ; 8 $�!����� # �����#��! ���!�# &�� � � ���$
!" �!" � !�� ��#�'�!�"�  ��� (" � *�9 ; 3��� -� �"�� ���� '�-�' ��!� (�&�� &�� � � . "- �$�$
!" �''"S ��� � !" ��-� =  �! ��-� = ��� &� = ��$ &"#.� � !���� ��#�'�!�"�  ��� ; 8! !�� &�����
#�����# ��! '�-�' = � �&���!��! ��"�'$ "�'� (" &�� "� �"S !" �"'-� � . "� '�# �� !�� �O. � �# ��!
$"#��� ; 8��$� ( "#  ������ �O. � �#��!� = � �&���!��! # �� "�'� &"���$� �"S !" $�/�� � ��S
#"$�' = �"S !" #"$�(� �� �O ��!��� #"$�' = ��$ �"S !" ��!� . �! �� �O. � �# ��!  ���'! ; F�
����� PQ6 !" $��& �� � � ��#�'�!�"� #"$�' ��$ ���(� -� �"�� �#.'�# ��!�!�"� '��� � = &�������
�� �O ��!��� #"$�' �� � *�9 &�� � � ��!��!�-� ��$ (��! ; 8! !�� �O�&�!�"� #�����#��! '�-�' =
�"S �� �O.� �#��! �� �O�&�!�$ �� !�� #��� &"�&� � ; F� . "- �$��� � &"#.�!�!�"��' �!�� ���
&�.���'�!�= � �&���!��! &�� .���� = �O�# ��� = ��$ &"#.� � !�� ��!� #�$��!�  ���'!� ( "# �
��#�'�!�"� ; 2"�! ��!�$ S �!� !�� ! �$�!�"��' S�� "(  ������ � '���!�� ��#�'�!�"� !" ��� !��
 ��� '! �! !�� ��$ = &"#.�!�!�"��' �!�� ��� &�� '�-� ��� !�� ��� �� �O. � ! >�"S '�$�� "� !�� ��
�$� ��� !�� ��#�'�!�"�  �� � ��$ . "- �$� ��S ������!� ��$ ��S . "$�&! $����� ".." !���!��� ;
3��� !����� �''��! �!�� !���� &"�&�.!� ��$ �#.'�#��!�!�"� �� ����� < F2��# �� �� �O�#.'� ;
< F2��# �� � *�9 !��! ��& ����� !�� . "$�&!�- �!� "( S""$ �&���!��!� &"�$�&!���  ���� &�
"� S""$R����$ &"#."��!� #�!� ��'� ��$ #���(�&!� ��� . " &����� ; +! ��!�� �!�� %" ! �� EC
��#�'�!�"� &"$�� S �!� � <�� ����$ � �.��&�' ( "�! ��$ = �� ".!�# �T�!�"� !""' = ��$ -� �"��
- ����'�T�!�"� !""'� ; 3�� < F2��# . "� �&! S�� � ���� �� BEE� S �!� ��.." ! ( "# ,��!�$
�!�!�� ��.� !# ��! "( 8� �&� '!� � = ��.� !#��! "( 9�� ��= ��$ ) � ��� �� 3�&� ; +! ��� ���&�
� ��� ���$ �� �!�$��!� �� ��-� �' S""$ �&���&� &'����� = �� � �$��!� �!�$��!� ��$ (�&�'!�=
��$ ��  ���� &�� � �! ��-� �' (" ��! . "$�&!� &"#.����� ; < F2��# �'�" �� -�� �� � !��! � �$
(" !�� $����� = &"��! �&!�"� = ��$ �-�'��!�"� "( ���(�' = . " $�&!�"� 0��'�!� *�9� ;
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+ S"�'$ '�>� !" �O. ��� #� � ��!��! �.. �&��!�"� (" !�� .�!���&� = ��.." ! ��$ ���$��&�
!��! +  �&��-�$ ( "# #� �$-��" � ; 6���� 3 ; <�!�"� �� !�� .��! ���� ��� � ; 1-� !����
#��� ��� � = �� ��-� ��-� �. "� #� ; 8 '�" = + S��! !" !���> � ; % �$� �&> 8 ; ?�#>� (" 
��� ��'. S �!� #� ("� !� �"� ��' .�.�  �'�!�$ !" &"#.�!�!�"��' �!�� ��� ; + S��! !" !���>
!�� "!�� !� �� #�#�� � "( #� �$-��" � &"## �!!�� = �  ; @� �� 4�#�> ������ = � ; 2'�A" $
8 ; ���A� = ��$ � ; 2� ��!".�� @" !� (" !��� ���&� � ��.." ! ��$ �$-�&� ;

%� !�� #" � = + S"�'$ '�>� !" !���> ."�!��#"��'� F�'�T� � ; �"#�" � (" ��� S" > "� #�!
(" #�!�"� #"$�'��� = �"! &"#. ����"� #"$�'��� = ��$ &"#."��!� #�!� ��' ���'���� #"$�'���
�$" &�#��!�$ �� 2��.!� D� ; Q " �"-� = + !���> 8 '�O )� �!�> (" ��� S" > "� !�� !�'��!
�� -� �$" &�#��!�$ �� 2��.!� D� �� < F2��# ; + S"�'$ �'�" !���> � ; 2'�A" $ 8 ; ���A� 
��$ � ; 2�'- �� � ; 4 ��� ��� (" !��� �A" ! �� " ����T���  ���� &� #��!���� !" ��'. �!�$��!�
&"''�� " �!� S �!� ��&� "!�� ;

3��� S" > S�� ��.." !�$ �� .� ! �� � ) � ��� �� *"'�!�&���& +��!�!�!� ��$ �!�!� ,��-� ��!�
BEE� 8�*+49� � ��! = ,��8 � ��! E�R���C�R��E� = @ �% � ��!� �Q+RC�DD�BE = �Q+RC����E B
��$ �19 &"�! �&! �9R82C�RE�86E�D��RE B��C ;
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B; +�! "$�&!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B
B;B 9O. � �#��! Q�����#��! +�! "$�&!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B
B;D < F2��# +�! "$�&!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

B;� 1 ����T�!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

D ; 3�� Q"$�'��� 9�-� "�#��! < F2��# � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

D ;B +�! " $�&!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

D ;D 4�'�!�$ <" > � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

D ;� ��#�'�!�"� Q"$�'� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

D ;� ;B 4"!� � � �� ��#�'�!�"� �4�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

D ;� ;D 4�$�"R% �0���&� * ������ �4%* � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E
D ;� ;� 1 ���!�$ �! ��$�"� $ Q�! %" #�!�"� �1�F � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E
D ;� ;� 5"! 2"#. ����"� �52 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � BC
D ;� ;� 2"#."��!� Q�!� ��' 8��'���� �2Q8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � BB

D ;� ,�� +�!� (�&�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � BB
D ;� �"(!S� � 8 &��!�&!� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B�

D ;� ;B ��-�'". � 6��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B�
D ;� ;D 2'���! 6��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B�
D ;� ;� �� -� 6��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B�

D ;� ��#�'�!�"� �&��� �" � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B�
D ;� 1.!�# �T�!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � B�
D ;� )����'�T�!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � BE
D ;E %�!� � <" > ��$ 2"�&'���"�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � D B

D ;E ;B 9O. � �#��! Q�����#��! � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � D B
D ;E ;D 2"''�� " �!�"� ��.." ! � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � DD
D ;E ;� 5��� *� (" #��&� 2"#.�!��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � DD
D ;E ;� 2"�&'���"�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � DD

� ; � �!� Q�����#��! - �� � �FQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � D�
� ;B +�! " $�&!�"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � D�
� ;D 4�'�!�$ <" > � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � D�
� ;� < F2��# � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � D�
� ;� 4�!�"��'� (" 9O. � �#��! Q�����# ��! � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � D�
� ;� < F2��# 9Q 8 &��!�&!� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � DE

� ;� ;B 2'���! 6��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �C
� ;� ;D �� -� 6��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �D
� ;� ;� ��-�'". � 6��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�-



� ;� �&��� �" � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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Chapter 1: INTRODUCTION
8 . "�'�#R�"'-��� ��- � "�#��! �*�9 � �� � &"#.�!�!�"��' ���!�# !��! . "-�$�� � &"#R

.'�!� ��$ &"�-�����! ��! "( ����R'�-�' !""'� (" �"'- ��� . "� '�# � ( "# � �. �&�/& $"#���
��� � ; 8 *�9 &"##"�'� �$$ ����� #��� ������ : +�!� ��! �&&����� �'�!� !" '���&� &"$�� = - ���R
�'�T�!�"� = �O. � �#��! #�����# ��! �9Q � = #�'!�$��&�. '��� � ��.." ! =  �&"##��$� ���!�# � =
&"''�� " �!�"� ��.." ! = ".!�# �T�!�"� = � ��� . � (" #��&� &"#.�!��� = . ��� -�!�"� "( �O. � !
>�"S '�$�� = $����� �O!����� �'�!�= ��$ . �$��"��&�' ���� �BC�� ; 3��  ���� &� $��& �� �$ �� �
!�>�� � �. �&�/& = ��R$�.!� '""> �! !�� 9Q ��. �&! "( *�9� ;

��� �����	
��� 
 �����
��� ���������	��
+� !��� !����� = !�� !� # � ���#�'�!�"�� = �#"$�'� = ��$ ��O. � �#��!� � � ���$ �O!����-�'�;

3�� �(" � = � �(" � ��� �� �"�� $ ��&����"� = � &'� �/&�!�"� �� ���$�$ ; @��'" �! �' ; ����
&� �(�''� $�/��$ !�� !� # �&"#.�!� ��#�'�!�"�� �� � ��#� �&�' !�&���0�� (" &"�$�&!���
�O.� �#��!� "� � $���!�' &"#.�!� = S��&� ��-"'-�� &� !��� !�. �� "( # �!��#�!�&�' ��$ '"��&�'
#"$�'� !��! $��& �� � !�� � ���- �" "( � ���!�# " �!� &"#."���!� "-� �O!��$�$ . � �" $� "(
 ��' !�# � ; 2� !���'�= � &"#.�!��� ��- � "�#��! ��&� �� � *�9 $"�� �"! ��-� !" ��&'�$�
&"#.�!� ��#�'�!�"�� = �" ��� #�!��#�!�&�' #"$�'� ; 5"S�-� = S��� . "-�$��� � &"#.'�!�
��$ &"�-�����! ��! "( ����R'�-�' !""'� (" �"'- ��� . "� '�# � ( "# � �. �&�/& $"#��� ��� � = *�9�
"(!�� ��#�'�!� &� !��� . " &����� ��$�" #"$�' !�� . "� '�# � ; %" �O�#.'� = �� < F2��#
�$��& �� �$ �� 2��.!� B;D� = � �"!R. ������ #"$�' �� ���$ !" ��#�'�!� !�� ���! ��$ #���
! ���(� $� ��� !�� �"!R. ������ #���(�&!� ��� . " &��� (" S""$R����$ &"#."��!� .���'� ;
@��'" �! �' ; ���� (� !�� &'����/�� #"$�'� �� /-� $�� ��� "( ���! �&!�"� : B� !�� . " &��� =
�&!�- �!�= " ��!��!�"� �!��'( = D� �  �. '�&�!�"� "( !�� . " &��� = �� � &"�! "''�$ = '�� " �!" �R!�. �
#"$�' "( !�� . " &��� = � � � &"#.'�!�'� ���!��!�& �O! �&!�"� "( �����!��' �'�#��!� "( !��
. " &��� ���&� �� � &"#.�!� #"$�'� = ��$ �� � &'"��$ ���'�!�&�' #"$�' ; 3 �$�!�"��''�= ��
�O.� �#��! �� ��!� . �!�$ �� .����&�' #���� �#��! "( �"# � &� !��� -� ��� '�� ; 5"S�-� = S �!�
!�� �$-��! "( � ���R�. ��$ &"#.�!� � �� !�� BE�C �� = �! � �&�#� ."���� '� !" #"$�' �O. � �#��!� "�
� $���!�' &"#.�!� ; +� !�� &"�!�O! "( !� �� !����� = !�� !� # ���#�'�!�"�� #���� � &"#.�!� 
��#�'�!�"� � !�� !� # �#"$�'� #���� � &"#.�!� #"$�' = ��$ !�� !� # ��O. � �#��!� ��
��#� �&�' �O. � �#��! "� � &"#.�!� � ��� !�� ��#� #������ �� !�� !� # ���#�'�!�"�� ;

9-� �$��= �O.� �#��!�' �&���!��!� ( "# -� �"�� $ ��&�. '���� = ��&� �� .����&� = &��# ��! �=
��$ ��"'"��= S��!�� ����� � *�9 " "!�� &"#.�!��� ��- � "�#��!� = . � (" # ��#� �&�'
�O.� �#��!� "� !��� &"#.�!� � ; 9�&� "( !���� ��#� �&�' �O. � �#��!� ��� ��(!�  �(�  �$ !"
�� �� �O. � �#��!� �" �� !�"��� ��# �'� '�(� &�&'�� �-�� !�"��� !���� �&���&�� ��-� -� � '�!!'�
�� &"##"� ; +"����$�� �! �' ; ���� �$��!�/�$ !� �� �!���� �� � !�. �&�' �O.� �#��! '�(� &�&'� :
B� $����� "( �O.� �#��! = D� $�!� &"''�&!�"� = ��$ �� $�!� �O.'" �!�"� ���"S� �� % ��� � B� ;
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%�� ; B;B; 8 !�.�&�' ��#� �&�' �O. � �# ��! '�(� &�&'� ;

8 #�&� #" � &"#.'�O $��� �# "( !�� �O. � �#��! '�(� &�&'� ��D� (� !�� $����&!� !�� $�!�
�O.'" �!�"� �!��� ��$ " $� � !�� � &� �� !�� $��� �# ����$ "� !��� ( �0���&��� ;

+� !�� �O. � �# ��! $����� �!��� = �&���!��!� ���$ !" !���> "( !�� �! �&!� � "( �� �O. � �# ��!
��$ �"S !" �#. '�#��! !� �� �O. � �#��! "� � &"#.�!� ; �&���!��!� �'�" ���$ !" �. �&�(� S��&�
&"�! "' -� ��� '�� ��!� !�� �O. � �#��! �� !�� ��.�! = ��$ S��! S �'' � � &"''�&!�$ �� !��
 ��� '!� ; +� !�� $�!� &"''�&!�"� �!��� = !�� �O.� �#��!� � � . � (" #�$ = ��$ !�� "�!.�! $�!�
� � ��!�� �$ ; 3�� ��T� "( !�� $�!� ���� �!�$ ( "# �O. � �#��!� #�� -� � � ��!'�= ( "#
����� "�'� ��-� �' #�����!�� �� �� #"�! �# �'' '�� " �!" ��� = !" � ���� ��-� �' !� ���!�� ��
�� !�� @+5 5�#�� ���"#� . "� �&! ���� ; +� !�� $�!� �O.'" �!�"� �!��� = �&���!��!� -�'�$�!�
��$ �!�$� !�� $�!� &"''�&!�$ ; )� �"�� !�&���0��� ��$ !""'� &�� � � ���$ (" ���'�T��� =
- ����'�T��� $�!� = " &"#.� ��� "�� �O. � �#��! !" ��"!�� = �� S�'' �� ��� &���� (" � ! ��$
�#"�� ��-� �' �O. � �#��!� �� " $� !" ".!�# �T� �"#� �O. � �#��!  ���'!� ; 8 ��!��(�&!" �
$����� "( �� �O. � �# ��! ��  � �'� �&���-�$ �� � ����'� �!!�#.! ; 3��� . " &��� &�� ��$� �"
#��� �!� �!�"�� = S��&� !�. �&�''� ��&'�$�� !�� �O�&�!�"� "( �"#� �O. � �#��!� ��$ ���'����
"( !�� "�!����$ $�!� = � �(" � !�� $�����  ��&��� �!� /��' (" # ��D� ;

�&���!��!� �� !���� /�'$� ���$ �� �$�0��!� !" "' !" #����� !�"�� ��#� �&�' �O. � �#��!� ;
F���$�� !�� . "���� '� �-"'-��� ��!� � "( !�� $�������� �O. � �#��! �!��� = �� �O. � �# ��!
#�����# ��! ���!�# ��"�'$ (" &�� "� $�!� &"''�&!�"� ��$ $�!� �O.'" �!�"� ; 9�&� �O. � �# ��!
&"����!� "( � #"$�' = �"#� ��.�! = ��$ �"#�  ��� '!� ; 3�� �(" � = �  �. ����!�!�"� "( !�� �.�&�
"( �'' !���� �O. � �#��!� �� ���$�$ ; 3�� ."���� '� &"#����!�"�� "( �O. � �#��! ��.�! �(" �
/O�$ #"$�'� (" # � #�'!�R$�# ����"��' �O. � �#��! �.�&� = S�� � !�� � �� "�� $�# ����"� (" 
��&� ��.�! -� ��� '� ��$ "�� . "��! (" ��&� �O. � �# ��! ;

3�� &"##"� #�!�"$ ���$ !" �O.'" � !�� �O. � �#��! �.�&� �� � 0�� � (�&�'�!�; 3��� 0�� �
(�&�'�!� !�>�� � S�''R$�/��$ 0�� � ��! &"�'$ ��  �! ��- ��� � .� !�&�'� �O. � �#��! = " '��!��� �''
!�� �O. � �#��!� "� � .� !�&�'� $�!� � = ��$  �!� �� !�� &"  ��. "�$���  ���'!� ; %� !�� #" � =
!�&���0��� (" 0���!�!�!�-�'� ��$ ��!"#�!�&�''� &"#.� ��� !S" " #" � �O.� �#��!� � �
���$�$ ; �&���!��!� ���$ !" /�� � "�! S��! !" &"#.� � = �"S !" &"#.� � = ��$ S��! 0���!�"��
!�� &"#.� ��"� &�� ���S� ; 3�� �'!�# �!� �"�' "( !�� $�!� �O.'" �!�"� �� !" �����&� ��
�O.� �#��! ���&� �� .� �#�!� !����� � ��$ �!� . � (" #��&� ���&� �� ��!"#�!�$ ".!�# �T�!�"� � ;
8! !��� '�-�' = �� 9Q ���!�# #�� . �$�&! �� �O. � �#��!  ���'! ����$ "� !�� ���!" �&�' $�!�
�!" �$ �� !�� �O. � �#��! �.�&� ���� ;
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+� !��� !����� = �O. � �#��! #�����#��! �� $ �-�$�$ ��!" !� �� '�-�'� : $�!� # �����#��!
�2��.!� �� = &����� #�����#��! �2��.!� � � = ��$ �O�&�!�"� # �����#��! �2��.!� �� =
S��&� &"  ��. "�$ �� �"#� S��� !" �$�!� &"''�&!�"�� = �$����� "( �O. � �#��!� = ��$ �$�!�
�O.'" �!�"�� �( "# %��� � B� ;

��� ���� 	
 ���������	��
< F2��# �� � *�9 !��! ��& ����� !�� . "$�&!�- �!� "( S""$ �&���!��!� &"�$�&!���  ���� &�

"� S""$R����$ &"#."��!� �< F2 � #�!� ��'� ��$ #���(�&!� ��� . " &����� ; +! ��!�� �!��
%" ! �� EC ��#�'�!�"� &"$�� S �!� � <�� ����$ � �.��&�' ( "�! ��$ = �� ".!�# �T�!�"� !""' =
��$ -� �"�� - ����'�T�!�"� !""'� ; 3�� < F2��# . "� �&! S�� � ���� �� BEE� S �!� ��.." !
( "# ,��8 = ��.� !#��! "( 9�� ��= ��$ ) � ����� *"'�!�&���& +��!�!�!� � �!�!� ,��-� ��!�
�)*+��, � ; +! ��� ���&� � ��� ���$ �� �!�$��!� �� ��-� �' S""$ �&���&� &'����� = �� � �$��!�
�!�$��!� ��$ (�&�'!�= ��$ ��  ���� &�� � �! ��-� �' (" ��! . "$�&!� &"#.����� ; < F2��#
�'�" �� -�� �� � !��! � �$ (" !�� $����� = &"��! �&!�"� = ��$ �-�'��!�"� "( ���(�' = . " $�&!�"�
0��'�!� *�9� ;

�"�' �! �' ; �� B� = ��D� $��& �� �$ �� �� '� -� ��"� "( < F2��# ; 1-� !�� ��� � = < F2��#
��� �-"'-�$ �� #��� S��� ; Q" � �$-��&�$ ��#�'�!�"� #"$�'� ��&� �� � #�! (" #�!�"� #"$�'
��$ � �"! &"#. ����"� #"$�' � � �"S ��&" ." �!�$ ��!" !�� ���!�# �E B� ; 8� �O. � �# ��!
#�����# ��! !""' �EC� �� �'�" ��&'�$�$ �"S ; 3��� 9Q !""' ���� � $�!����� # �����#��!
���!�# ��FQ �� !" �!" � ��#�'�!�"� ��.�! ��$  ���'!� �! !�� �� -� ��$ = . "-�$�� ��'. (�'
� �.��&�' ��!� (�&�� !" (�&�'�!�!� ��� �&&��� �! !�� &'���! ��$� = ��$ !��� ���� -� �"�� �& �.!�
!" &"���&! �'' "( !���� &"#."���!� ; 4�&��!'�= PQ6 �9O!����� '� Q� >�. 6������� � S��
���$ !" ���(� !�� �#.'�# ��!�!�"� '��� � "( < F2��# ��E� ; 8 PQ6 $�!�����! �� !��'" �$
(" ��&� #"$�' �< F2��# ��� /-� #"$�'�� ; 3�� < F2��# ��!� (�&� '��� = �� -� �& �.!� =
��$ $�!����� #�����#��! ���!�# �'' ��� !��� PQ6 $�!�����! !" �#. "-� !�� ���� �'�!�
��$ #���!������'�!� "( !�� !� �� '��� �� &'���! = �� -� = $�-�'". � � &"#. ����� !�� < F2��#
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Chapter 2: The Modeling Environment WBCSim*
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. ���� �� = !"!�' . ���� � =  �'�!�-� ��# �$�!�= �O!��! "( �$����-� &� � = ��$ !�� �.�!��' $����!�
. "/ '�� S �!��� !�� #�! ; 8 ��! "( !� ��R$�# ����"��' � �.��&�' . "/ '�� �''��! �!� !�� �-"'�!�"�
"( !���� -� ��� '�� S �!� !�# � = �� !�� !��&>���� ��$ S �$!� $�#����"�� "( !�� #�! ; 3�� #"$�'
�����!� ��� � �� !�� ��$� �!��$��� "( !�� ��!� �&!��� #�&�����# � ��-"'-�$ �� � &"#.'�O
. "$�&!�"� . " &��� ; 3�� #"$�' # �� �'�" � � ���$ !" ".!�# �T� !�� �"!R. ������ .� �# �!� �
(" �#. "-�$ 0��'�!� "( S""$R����$ .���' . "$�&!� = S��'� # ���# �T��� . " &������ &"�! ;
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3�� &"#."��!� #�!� ��' ���'���� #"$�' S�� $�-�'". �$ !" ������ !�� �! ��� ��$ �! ���

� ���- �" ��$ �! ���!� . ". � !��� "( '�# ���!�$ #�!� ��'� �� ;� ;= . '�S""$ ��$ /� � R ���(" &�$
&"#."��!��� ; 3�� ��� $�/��� !�� '��� ��0���&� "( !�� '�# ���!� ; 3�� � �.��&�' ��� 
��!� (�&� S�� $������$ !" �''"S ���� �. �&�/&�!�"� "( !�� #�!� ��' = !��&>���� = ��$ " ���!�!�"�
�! ��&� '��� ; 3�� #�&����&�' ��$ (��'� � . ".� !��� "( !�� '��� #�!� ��'� #�� � � ��'�&!�$
( "# � . �$�/��$ '��! ; 3�� #"$�' &�� . � (" # $����� ��$ ���'���� (��&!�"�� = S�� � !��
��� ��!�� $�/��� !�� '"�$��� &"�$�!�"� = " $�/��� !�� $�(" # �!�"� ;

3�� &�'&�'�!�"�� � � ����$ "� !�� &'����&�' '�# ���!�"� !��" � �263 � ��$ !�� 3���R<�
(��'� � & �!� �� ; 3�� �������� ��$ �8��'����� #"$�'� &�'&�'�!� !�� ��$�&�$ �! ����� ��$
�! ���� �� !�� . �# � � '�# ���!� �� � � � ��$ . ��&�.�' /� � �B � D� $� �&!�"�� S �!��� ��&� '��� 
����$ "� !�� 263 = ��$ &��&> (" !�� ��!�� �!� "( !�� '��� � "( !�� '�# ���!� �� !�� 3���R<�
(��'� � & �!� �� ; +� !�� $����� #"$� = !�� #"$�' &�'&�'�!�� !�� �! ����� ��$ �! ���� &����$
�� !�� &"#����!�"� "( $�A� ��! '"�$ ��� &"�$�!�"�� = ��&� �� !����"� = #"#��! = !" 0�� = " 
���� ; +� !�� ���'���� #"$� = !�� �" #�' ��$ ���� �! ����� = !"��!�� S �!� !�� �! ���� ��$
&� -�!� �� ��$�&�$ �� � ��� R$�/��$ $�(" #�$ ���. � = � � &�'&�'�!�$ ; 3�� #"$�' . �$�&!�
!�� !����'� �! ���!� = � ��$��� �! ���!� = ��$ ���� �! ���!� "( !�� &"#."��!� #�!� ��' ;

� �� � ��� ����������
< F2��# �� <��R����$ � !�� �(" � = �!� ��� ��!� (�&� �� &"#."��$ "( � <�� � "S �� ��$

��-� �..'�!� ; 8 ��� '���&��� !�� < F2��# <�� .��� ( "# � � "S �� S ��$"S = ��$ !���
��-">�� �..'�!� ( "# !�� <�� .��� ; 3�� -� � / �! �..'�! �''"S � !�� ��'�&!�"� "( � ��#�'�!�"�
#"$�' ; % "# !��! . "��! "� = �'' ��� ��!� �&!�"� S �!� !�� ���!�# �� - �� �..'�!� ; 3�� � � �
�"#� &"##"� (��!� �� �#"�� �'' !�� #"$�' ��!� (�&�� ���� % �� ; D ;B� ; 8! !�� !". '�(! &" �� 
"( � #"$�' ��!� (�&� = !�� � �� � �,���� +��! �&!�"��� ��!!"� = S�"�� . ".R"�! S ��$"S �O. '����
!�� #"$�' � ���- �" �! �� ���! �&! '�-�' = ��$ �'�" ��-�� ���� �' $� �&!�"�� �� "�! �"S !" ���
!�� #"$�' ; 3�� # �$$'�  ���"� "( ��&� #"$�' ��!� (�&� �� #"$�'R$�. ��$��! = �''"S ��� � ��� !"
�. �&�(� ��#�'�!�"� .� �# �!� � �� ��� ��#�� "( !�O! � "O�� = $ ". $"S� '��!� =  �$�" ��!!"�� =
" . '��� ��!!"�� = S��&� . "���� '� ". �� .".R"�! S ��$"S � (" �$�!��� �-�� #" � ��#�'�!�"�
.� �# �!� � ; @�� !�� � "!!"# "( !�� ��!� (�&� = !�� � �� � '"�� !�O! � "O S�� � � ��� &��
$��& �� � !�� ��#�'�!�"� � !��� $��& �.!�"� �� ��-�$ S��� !�� ��#�'�!�"� $�!� �� ��-�$ ; 8! !��
-� � � "!!"# "( �� ��!� (�&� = !�� � �� �  "S "( ��!!"�� = S��&� &"�! "' #"$�'R'�-�' �&!�"�� (" 
� ��#�'�!�"� ; 8#"�� !�"�� ��!!"�� � � !�� ("� : �4�! ��-� * "�'�# � = �4�� ��#�'�!�"�� =
��!" � * "�'�# � = ��$ ����# ���� ; 3�� ��!" � * "�'�# � ��!!"� �� ���$ !" �!" � !�� &�  ��!
��! "( ��.�! -�'��� ��'"�� S �!� !�� ��#�'�!�"� $��& �.!�"� !�O!� = S��&� &�� � �  �! ��-�$ '�!� 
����� !�� �4�! ��-� * "�'�# � ��!!"� ; 2'�&>��� "� !�� �4�� ��#�'�!�"�� ��!!"� / �� ��.�!
-�'��� $�/��$ �� !�� ��!� (�&� !� "��� � !�'��! &"���&!�"� !" !�� < F2��# �� -� = S��&�
�� !� � &�''� � ,@+P " *� ' �& �.! !" �O�&�!� &"#.�'�$ %14348@ &"$� = ��$ �$$�!�"��'
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%�� ; D ;B; 3�� 4�� #"$�' ��� ��!� (�&� ;

".!�# �T�!�"� " -����'�T�!�"� &"$�� ; �3�� $�!��'� "( !� �� &"##���&�!�"� . " &��� S �'' � �
$��& �� �$ �� 2��.!� D ;� ;� 3�� ����# ���� ��!!"� $��# ����� !�� ��!� (�&� S �!�"�! ��-��� ���
��.�! ; 1!�� !��� !���� ("� #��� &"�! "' ��!!"�� = !�� � � � �"# � "!�� ��!!"�� -� � ���
( "# #"$�' !" #"$�' !��! #�� �..�� �� !�� ��# �  "S = ��&� �� !�� ���#�'�!�"� 2"��!��!��
��!!"� �'��!� �"#� ��#�'�!�"� .� �#�!� � �"! �&&����� '� �� !�� ��� � = ��$ !�� ���! ��(�� '!�
��!!"� ���!� �'' !�� #"$�' -� ��� '�� !" � . �$�/��$ ��! "( -�'���� ; 3��  ��� '!� ( "#  ������
� ��#�'�!�"� #"$�' � � ����''� �-��'�� '� �� � "!� !�O!��' ��" #�''� !�� '�� "( ��#�� �� ��$
� �.��&�' �)4Q6 /'�� = � +% /'��� (" # � = ��$ $��. '����'� �� � "S �� S ��$"S � ;

3�� 4�� �%�� ; D ;B� ��$ 4%* #"$�'� ��-� !�� ��#.'��! ��� ��!� (�&�� �� < F2��# ;
3�� ��� ��#.'� ��!� � -�'��� (" -� �"�� ��.�! .� �# �!� � !� "��� !�O! �"O�� = !���  ���
!�� ��#�'�!�"� ; 3�� 2Q8 #"$�' ��� �-"'-�$ ���&� �� B� ; ��. ��$��� "� !�� &"�!�O! = �#"$�'�
 �(� � !" !�� &"#.�!� ��#�'�!�"� &"$� �!��'( = " !�� ��!� (�&� !" !��! &"$� ; 3�� . �- �"�� 2Q8
#"$�' �� B� ��.." !�$ /-� &�'&�'�!�"�� : ����'����� = �$������ = �!����'� �! ���!�� = �� ��$���
�! ���!�� = ��$ ����� �! ���!�� ; < ��� !�� ��� ��'�&!�$ ��� "( !�� /-� = !�� ��� S��
'" &>�$ !" !��! &�'&�'�!�"� ��$ &"�'$ �"! �S �!&� ( "# "�� &�'&�'�!�"� !" ��"!�� S �!�"�!
 �!� ���� !" !�� � ����� ��� ; 8 '�" = �� ��&� &�'&�'�!�"� ��!� (�&� = # ��� .� �# �!� � S� � /O�$ " 
����#�$ = S�� ��� !�� &�  ��! 2Q8 #"$�' ��!� (�&� . "- �$�� !�O! � "O�� (" !�"�� . �- �"��'�
/O�$ .� �#�!� � ; 3�� &�  ��! 2Q8 #"$�' ��� � ��S &�'&�'�!�"� ����� �' �! ���!�� = ��$
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%�� ; D ;D ; 3�� 1�F #"$�' ��� ��!� (�&� ;

��!�� �!�� �'' !�� &�'&�'�!�"�� ��!" "�� ��!� (�&� = �''"S ��� !�� ��� !" ��'�&! � $���# �&�''�

'"�$�$ &�'&� '�!�"� ( "# � $ ". $"S� '��! ; 3�� &�  ��! 2Q8 #"$�' �'�" ��&'�$�� !S" ��!�

"( $�(��'!� = �! �&!� � ��$ '"�$ ��� ��"!� �� $ ". $"S� '��!�� ; 3��� ��S ��!�� �!�$ ��!� (�&�
�''"S � !�� ��� !" & "��R �(� ��&� $�A� ��! ��!� "( $�(�� '!� �� ��!!��� "�� �! �&!� � .� �# �!� 
��! ��$ !���  ������ ��� &�'&� '�!�"� S �!� ��� '"�$���� ;

3�� 1�F #"$�' �%�� ; D ;D� �� ��# �'� !" !�� 2Q8 #"$�' S �!�  "S � "( ��.�! $�!�
 �. ����!��� '��� � "( !�� S""$ &"#."��!� ; 3�� ��� �&!�-�!�� � '��� �� ��'�&!��� !��
'�(!#"�! &��&>� "O (" !��! '��� ; 8 '�" �� �� !�� 2Q8 #"$�' = !�� 1�F #"$�' . "-�$�� �

��! "( $�(�� '!�  �!�� !��� � ����'� $�(��'! '�>� #"�! "( !�� "!�� #"$�'� ; 5"S�-� = !��
 ��! "( !�� 1�F #"$�' �� #" � &"#.'�O !��� !��! "( 2Q8 = ���&� �! ��-"'-�� # ��� .".R"�!
S ��$"S � S��� !�� ��� &�""��� �� �!�# ( "# � $ ". $"S� '��! " &'�&>� "� � ��!!"� ; %" 
�O�#.'� = ��'�&!��� !�� �9#.� �&�'� $��! ���!�"� �� !�� �6���!� � ��! ���!�"�� $ ". $"S�
'��! = � . ".R"�! S ��$"S &"�!������ (" !�R!S" !�O! �"O�� �.. �� � = �''"S ��� !�� ��� !" $�/��

!�� ��#�� "( ��!� -�'� ��$ ��&� ��!� -�' �� �!� !��� ��$ ��$��� . "��!� ; 3�� 1�F ��!� (�&�
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%�� ; D ;� ; 3�� 52 #"$�' ��� ��!� (�&� ;

&�� �'�" ��-� !�� -�'��� $�/��$ �� .".R"�! S ��$"S � = S��&� #���� !�"�� . ".R"�! S ��$"S �
&�� � � &'"��$ ��$ !��� ". ���$ ����� (" �$�!��� ;

3�� 52 #"$�' �%�� ; D ;�� ��!� (�&� $ �A� � ( "# !�� "!�� #"$�'� � ��!� (�&�� �� $�- �$���
!�� ��#�'�!�"� .� �#�!� � ��!" !� �� � "�.� .� !�!�"��$ ��!" &"'�#�� : �B� #"$�' ��.�! = �D�
#"$�' �O�&�!�"� �. �&�/&�!�"� = ��$ ��� #"$�' "�!.�! ; 3�� / �! &"'�#� &"�!���� ��!!"��
(" �. �&�(� ��� !�� .� �#�!� �  �'�!�$ !" #�!� ��' = �� �!��' &"�$�!�"� = � "��$� � &"�$�!�"� =
�$����-� &� � = ��$ . ��� �&��$�'� ; 3�� ��&"�$ &"'�#� $�/��� !�� 52 #"$�' �O�&�!�"�
�� �. �&�(� ��� # �! ! ���. " ! . ". � !��� = � "��$� � ! ���. " ! . ". � !��� = ��$ &"#. ����"�
. ". � !��� ; 3�� '��! &"'�#� �. �&�/�� !�� "�!.�! ��&� �� &"'" " � '�&> ��$ S��!� = !��
!�#� ��!� -�' (" ���� �!��� ( �#�� (" ���#�!�"� = ��$ "!�� .� �#�!� � $�!� # ����� S��&�
$�!���# ��� / '�� � � ���� �!�$ ;

� �� �� ������ � ��� 	�������
3�� &�  ��! �"(!S� � � &��!�&!� � "( < F2��# ("''"S � !�� !� ��R!�� #"$�' $��& �� �$ ��
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�" �' �! �' ; �� B� = (" S��&� !�� !�� � � � �B� !�� $�-�'". � '��� � '���&� ��#�'�!�"� &"$�� ��$
-� �"�� ".!�# �T�!�"� ��$ -����'�T�!�"� !""'�  ������ "� !�� �� -� = �D� !�� &'���! '��� � ��� 
��!� (�&� = ��$ ��� !�� �� -� '��� � !�'��! �� -� ��$ � &��!"# ���'' ; 3���� '��� � � � ��"S�
�� %�� ; D ;� ;
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� �� �� � ��� ����� �����
8� �!� ��#� ������!� = !�� $�-�'". � '��� &"����!� "( '���&� . "� �# � & ��!�$ ��

 ���� &�� � !" #"$�' < F2 #�!� ��'� ��$ #���(�&!� ��� . " &����� ; 3���� '���&� . "� �# �
� � !�� ��� ! "( < F2��# ; +� ���� �' = < F2��# ��.." !� '���&� . "� �# � S �!!�� �� ���
. "� �## ��� '������� �� '"�� �� !�� . "� �# !�>�� �!� ��.�! .� �#�!� � ( "# ,@+P �!$�� ;
3�� ��.�! .� �#�!� � &�� � � � (�S ��#�� � " � '� �� $�!� / '� ; +� .� !�&�'� = < F2��#
��.." !� /-� %14348@ �� ��$ %" ! �� EC ��#�'�!�"� . "� �# � &"  ��. "�$��� !" !�� /-�
#"$�'� $��& �� �$ �� 2��.!� D ;� ;

< ��'� ��&� %" ! �� . "� �# ��� �!� "S� ��.�! (" #�! ��!$�� &"�'$ � �  �$� �&!�$ !" �
/'� � = !�� �� -� '��� &"##���&�!�� $�!� S �!� !�� $�-�'". � '��� -�� �! ���� "( .� �# �!� �
��.� �!�$ �� S��!� �.�&� ; 3�� �(" � = �� " $� !" &".� S �!� !� �� �! ��� (" #�! = ��&� '���&�
. "� �# �� �S �.. �$� S �!� � &��!"# �T�$ *� ' �& �.! ; 3�� �& �.!  �&��-�� !��� �! ��� "(
.� �# �!� � ( "# !�� �� -� = ��$ &"�-� !� !�"�� .� �# �!� � ��!" �� �.. ". ��!� (" #�! (" 
!��! %" ! �� . "� �# ; 3��� !�� �& �.! &�''� !�� '���&� . "� �# ��!" �&!�"� (��$��� �! !��
��.�! = ��-">�� ���  �0�� �$ ".!�# �T�!�"� ��$ -����'�T�!�"� !""'� = ��$ /��''� .�&>� �'' !��
%" ! �� "�!.�! �� 53Q6 /'�� ��$ .����� !��� ,46� !" !�� �� -� ; < �!� !� �� � &��!�&!� � =
!�� $�-�'". � '��� �� ��$�. ��$��! "( !�� "!�� '��� � = S ��&� # �>�� !�� . " &��� "( $�������� =
��$ ��!�� �!��� ��S ��#�'�!�"� &"$��  �'�!�-�'� ����;
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3�� $�-�'". � '��� �'�" ��&'�$�� ".!�# �T�!�"� ��$ -����'�T�!�"� !""'� !" #�O �# �T� !��
��#�'�!�"� �� -�'�� !" !�� ��� ; 1.!�# �T�!�"� ��$ -����'�T�!�"� !""'� S �'' � � $��& �� �$ ��
2��.!� � D ;� ��$ D ;� =  ��. �&!�-�'�;

� �� �� � �	��� �����
3�� &'���! '��� �� !�� "�'� '��� - ���� '� !" ��$R��� � ��$ !�.�&�''� !�� "�'� '���  ������

"� !�� '" &�' #�&���� ; F���$�� !�� ��� ��!� (�&�� $��& �� �$ �� 2��.!� D ;� = !�� &'���! '��� 
�'�" &"�!���� - ��S� � (" "�� "( !�� -����'�T�!�"� !""'�� !�� )4Q6 3 ���'�!" ; < F2��#
 �0�� �� � )4Q6 D ;C - ��S� (" !�� 4%* #"$�' ; 3�� )4Q6 -��S� �� -�� �� � . '��R�� !"
!�� <�� � "S �� � ;

3�� &'���! '��� �'�" ���$'�� !�� &"##���&�!�"� S �!� !�� �� -� '��� ; 8 (!� !�� ��� 
��!� � �'' !�� ��&���� � .� �#�!� � ��$ ! ���� � !�� �4�� ��#�'�!�"�� ��!!"� = !�� &'���!
���$� !�"�� .� �#�!� � �'"�� S �!� �  �0���! (" �O�&�!��� !�� &"  ��. "�$��� ��#�'�!�"� !"
!�� �� -� '��� - �� � !�'��! &"���&!�"� ; < ��� !�� ��#�'�!�"� !� # ���!�� = !�� &'���! !�>��
!�� ,46�  �!� ��$ �� !�� �� -� '��� = ��$ $� �&!� !��# ��!" !�� ��� �� � "S �� ; 1( &"� �� =
!�� &'���! #�� �'�" ���$  �0���!� (" ��-� ��$  �! ��-� ". � �!�"�� ;

3�� !�'��! &"���&!�"� #�!�"$  �. '�&�� !�� "'$ ��-�#�!�& �� -� ��$ �" &>�! &"##���R
&�!�"� .� �$��# $��& �� �$ �� �� B� = ��$ (�&�'�!�!�� ��!!��� �. < F2��# ����! �&&"��!� "� !��
�� -� # �&���� !��! $" �"!  �0�� � (� '' �&&"��! . �-�'���� ; 3�� ����! �&&"��! ��$ �" #�'
��� �&&"��!� �(" &"##� &��' = .�� ��� ��� �� . � # �! ��� � !" ��-� ��$ ! �&> !��� $�A� ��!
��#�'�!�"�  ��� = ��$ . "!�&! !��� $�!� ( "# �����  �#"-�$ " "-� S �!!�� �� "!�� � ; 3��
&'���! ��$� "( !��� !�'��! &"���&!�"� #������ !�� . ""' "( &"���&!�"�� ��$ . "- �$�� � # ����
(" �O�&�!���  �#"!� &"##��$� "� !�� �� -� ;

� �� �� ������ �����
3�� �� -� '��� = �� ��.� �!��� !�� '���&� ��#�'�!�"� &"$�� ( "# !�� ��� ��!� (�&� =

�� !�� >�� !" �"S < F2��# &��  �� � !�O!R"� '� �..'�&�!�"� ( "# � <�� � "S �� ; 3��
�� -� '��� &"����!� "( !S" &"#."���!� = � !�'��! �� -� ��$ � &��!"# ���'' !" (�&�'�!�!� !���
�� -� R&'���! &"##���&�!�"� ;

3�� !�'��! �� -� �� �"! �  �. '�&�#��! (" � �!��$� $ !�'��! �� -� = �#.'�# ��!��� "�'�
��"��� "( !�� !�'��! . "!" &"' !" S" > S �!� !�� < F2��# !�'��! &'���! ; 3�� !�'��! �� -� 
��.." !� ����! ��$  ���'� '"���� ��$ �'' !�� ". � �!�"�� . "-�$�$ �� !�� . �- �"�� ��-�# �!�&
�� -� = S��&� &"�'$ $� �&! �O�&�!�"� "( #�'!�. '� ��#�'�!�"�� ��$ �&&�.! #�'!�. '�  �0���!�
( "# !�� &'���! &"�&�  ��!'� �� B� ;

7�! 8�"!�� *�9 ���'' �78*�� �� � ��#.'� *� ' �& �.! !��! !�� &'���! ��-">�� S���
�! '"�� �� - �� !�� !�'��! &"���&!�"� ; 3�� �(" � = !�� &'���! !�'>� !" !��� ���'' ���!��$ "( !��
,@+P '"��� ���'' "( !�� �&&"��! ; 8#"�� !�� &"##��$� !��! 78*� ��.." !� = !�� (" ''"S ���
("� � � #"�! �#." !��! ;
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�B� 3�� ����� &"##��$ �� ���$ !" . � #����!'� �!" � � . "� '�# ���.�! .� �#�!� � =
!�O! $��& �.!�"� = ��#�'�!�"� "�!.�!� "� !�� �� -� ; ,."�  �0���! = � !�#." � � � &��-� / '� ��
& ��!�$ ; 3�� . "� '�# $��& �.!�"� ��$ ��#�'�!�"� .� �#�!� � � � S �!!�� !" !��� / '� ; @"!�&�
!��! �! �� ."���� '� !" �!" � . "� '�# .� �#�!� � S �!�"�!  ������ !�� ��#�'�!�"� = �� S��&�
&��� !�� � �� �" ��#�'�!�"� "�!.�! ;

�D� 3�� ��� ��� &"##��$  �#"-�� "�� " #" � �!" �$ . "� '�# � ; +! �&!��''�  �#"-��
/ '�� ( "# !�� /'� ���!�# = �" !��  ���'!� � � �  �-� ��� '� ;

��� 3�� ���	 &"##��$  �! ��-�� �'' �!" �$ . "� '�# � ( "# � $� �&!" �; 3��� &"##��$
. ��!� � &"''�&!�"� "( . "� '�# +� � ���&� . "� '�# $�/��!�"� " ��#�'�!�"�  �� ��� � ���0��
. "� '�# +� � = .� �# �!� � = $��& �.!�"�� = ��$ ,46� = S��&� &"�'$ � � .�&>�$ �. �� !�� !�'��!
&'���! ;

�� � 3�� 
���� &"##��$ $�'�!�� !�#." � � /'�� ; @" #�''� &'����. ��  �0���!�$ S���
!�� ���#�'�!�"�  ���'!�� S ��$"S �� $��# ����$ ; 5"S�-� = &'����.  �0���!� � � "�'� �O�&�!�$
�( !�� � �� �� �$'� &"���&!�"� ; +( �" �$'� &"���&!�"� �O ��!� = &'����.  �0���!� � � 0����$ ��!�'
� &"���&!�"� � �&"#�� �-��'�� '� ; 3�� �"�' "( !� �� ."'�&� �� !" &'��� �. "�'� S��� $"���
�" ��&� � �" �O! � &"���&!�"� ; Q�>��� �� �O! � &"���&!�"� ��-"'-�� � '���!�� �""!�! �.
. " &��� ��$ ."���� '� .������ !�� ��� .���S" $ ����� ;

3�� � �� �" &"##��$ !"  �� � ��#�'�!�"� � �&���� !�� ��#�'�!�"� S �.. � &�� � �
��-">�$ $� �&!'� �� 78*� ����$ "� !��  �0���!� &"# ��� ( "# !�� !�'��! &'���! ;

� �� �	
� ���	�� ������	�
���& �� ��� � !�.�&�' ����� �&��� �" "( < F2��# �� ���! �&!�-� ; 2"���$�  ���� &� ��!"

!�� . ". � !��� "( " ���!�$ �! ��$�"� $ . "$�&!� = S��&� S"�'$ ��� !�� 1�F #"$�' ; % � �! =
� �&���!��! &"''�&!� � �����! "( !�� (�&� ��$ &" � '��� ��>�� ( "# �� ��$��! ��' . " $�&!�"�
'��� ; 3�� �&���!��! #���� �� !�� ��"#�! � "( !�� ��>�� ��$ !�� S����! �� ����� �� �#���
���'���� ���!�# ��$ � �&�'�� =  ��. �&!�-�'�; 3�� ��>� . ". � !� $�!� ��!� � � !��� ���$ !"
��!�# �!� !�� �!�!��!�&�' . "����'�!� $����!� (��&!�"�� "( !�� ��>� . ". � !��� ; 3��� = !��
�&���!��! ". ��� � � "S �� S ��$"S ��$ '���&��� < F2��# ; 3�� ����! �&&"��! �� !�� $�(��'!
'"��� ".!�"� = S��&� �!" �� �'' !�� ��.�! ��$ "�!.�! $�!� �� � !�#." � � $� �&!" � !��! S �''
� � &'����$ . � �" $�&�''�; 3�� �&���!��! ��'�&!� !�� 1�F #"$�' ( "# � $ ". $"S� '��! "( �'' !��
�-��'�� '� #"$�'� = ��$ '���&��� !�� 1�F #"$�' ��!� (�&� ���"S� �� % �� ; D ;D� ; F� �. �&�(� ���
!�� . "����'�!� $����!� (��&!�"�� "( !�� ��>� . ". � !��� "�!����$ "
 ��� �� '�� = !�� �&���!��!
&��  �& ��!� !�� �.�!��' �! �&!� � "( #�'!�. '� '��� � "( ��>�� = ��&� S �!� -� �"�� .� �# �!� �
$�/���� !�� ��#�� "( ��>�� = '���!� $��! ���!�"� = S �$!� $��! ���!�"� = !� �&>���� $��! ���!�"� =
$����!� $��! ���!�"� = " ���!�!�"� = ��>� &"'" = ��$ ��#�� "( ��>�� ��"S� ; 3�� '�!!� !S"
� � �"'�'� (" - ����'�T�!�"� ;

@�O! = !�� ��.�! .� �#�!� � �F""'��� = ��#� �& = " �'.����#� �&� � � ���! !" !�� < F2��#
�� -� �� � '"�� �! ��� �.� �# �!� � � � ��.� �!�$ �� S��!� �.�&��� -�� !�� !�'��! &"���&!�"� ;
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3��� !�� 1�F S �.. � &"�-� !� !� �� �! ��� ��!" � $�!� / '� $������!�$ (" !�� 1�F %" ! ��
EC ��#�'�!�"� . "� �# ; 8 '�" = ���&� !�� 1�F ��#�'�!�"� &"$� ��� �!� "S� !�O!R����$ ��� 
��!� (�&� !�> ��� ��.�! ( "# �!$�� = � !�#." � � /'� �� ���� �!�$ !" &"�!��� �'' !�� �.. ". ��!�
&"##��$� = ��$ �!$�� ��  �$� �&!�$ !" !��� !�#." � � $�!� / '� (" !�� ��#�'�!�"� ; 3��� !��
1�F S �.. � &�''� !�� 1�F ��#�'�!�"� &"$� S �!� !��� !�#." � � /'� �� �!$�� �'"�� S �!�
!�� . ". � '� (" #�!!�$ $�!� / '� ;

< ��� !�� ��#�'�!�"� &"$� �� �O�&�!��� = !�� 1�F S �.. � '��!��� !" !�� ��#�'�!�"�
"�!.�! �! ��# (" �! ���� ��$�&�!��� �O�&�!�"� # �'��!"��� ; 3�� 1�F S �..� ���� !��
�!��$� $ �  " �! ��# (" ���$��� !���� #������� !" !�� &'���! = � �&���� ��-� ��A� � !��
�!��$� $ "�!.�! �! ��# ��!�' !�� . " &��� !� # ���!�� = S��'� !�� &"�!��!� "( !�� �!��$� $
�  " �! ��# � � ���! �##�$��!�'�; 3�� 1�F S �.. � �'�" ���$� "!�� #������� ���&� ��
S��� -����'�T�!�"� " ".!�# �T�!�"� !""'� � � ��-">�$ � !" !�� &'���! = $��. '�� ��� !�� ��#�'�!�"�
�!�!�� !" !�� �&���!��! ; 5"S�-� = $�� !" ��!S" > $�'��= � � "�. "( #������� ���� �!�$ �!
$�A� ��! !�# �� &�� �  �-� �! !�� &'���! �! !�� ��#� !�#� = �� S��&� &��� !�� &'���! S �'' "�'�
$��. '�� !�� '�!��! #������ ��$ $��&� $ ��� "'$ "��� ;

< ��� !�� 1�F %" ! �� EC ��#�'�!�"� . "� �# !� # ���!�� = !�� 1�F S �.. � &�''�
Q �!��#�!�&� !"  ��$ !�� ��#�'�!�"�  ���'!� ��$ ���� �!� . '"!� S �!� -� �"�� Q�!��#�!�&�
&"##��$� ��&� �� 6��!2"�!"� * '"! = 6 ��!* '"!�� = Q�'!�. '�6 ��!* '"! = ��$ �  �.��&��� ; Q�!�R
�#�!�&� �'�" &"�-� !� !���� ��!� ��' � �.��&� $�!� �! �&!� �� ��!" � +% (" #�! �" !��� &��
� � - ��S�$ �� � � "S �� ; % �� ; D ;� ��"S � � !� ��R$�#����"��' - ����'�T�!�"� "( � !� ��R'��� 
 ��$"# ��>� # �! & ��!�$ S �!� �  �.��&��� �� Q�!��#�!�&� ; % ���''�= !�� 1�F S �.. � 
�#��$� !���� � +% /'�� �� 53Q6 /'�� ��$  �!� �� !�� ,46� "( !���� 53Q6 /'�� !" !��
&'���! ;

,."� &'"���� !�� ��!� (�&� S ��$"S � = !�� �&���!��! ��� � &�"�&� "( �!" ��� �� &��- ��� �

!��� .� !�&�'�  �� �� ��.�! -�'��� ��$  ���'!� = " $��&� $��� !���  �� �!�� $�(��'!� ; F���$ "�
!�� ��� ��  �0���! = !�� 78*� ���'' S �'' !�>� !�� . ". � �&!�"�� �� $��& �� �$ �� 2��.!� D ;� ;
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�� � . "S� (�' !" "' (" ��!"#�!��� !��� !�$�"�� ��� &� . " &��� ; 2�  ��!'� !�� ".!�# �T�!�"�
!""' . "- �$�$ S �!� < F2��# �� !�� . "� �# �13 ������� 1.!�# �T�!�"� 3""'� �E�� = ����$
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3��� ��� !�� �$-��!��� !��! �( !�� � � � &������ !" � '���&� ��#�'�!�"� . "� �# = ��&� ��
��� /O�� =  �&"#.�'�!�"� S �!� ��S '�� � ��� " � ��S &"#.�'� = " �#.'�# ��!��� � $�A� ��!
�'�" �!�# = !�� ��S . "� �# &�� � � ���!�''�$ �� < F2��# S �!�"�! �$$�!�"��' S" > ; 8$$���
� $�A� ��! -����'�T�!�"� !""' " � ��S ".!�# �T�!�"� �'�" �!�# �� ���� ���&� "�'� S �.. � �
���$ !" � � #"$�/�$ ;

3�� " �� ���' �!�!�$ �"�' "( < F2��# = !" . "- �$� ��� ��!�� �!�$ ��! "( (�&�'�!��� �''"SR
��� S""$ �&���!��!� !" &"�&��! �!� "� ����R'�-�' . "� '�# �"'-���  �!�� !��� "� '"S R'�-�'
. "� �## ��� $�!��'� ��$ �.. '�&�!�"� �&��$�'�����O�&�!�"� = �''"S ��� ��� � !" $�/�� =  �&" $ =
��$ #"$�(� . "� '�# � = ��$ -����'�T� ��$ ".!�# �T� ��#�'�!�"�  ��� '!� =� �"S ���# � �# ����!'�
�&� ��-�� '� ;
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Chapter 3: Data Management via a DBMS*
� �� ���������	��

1-� !�� .��! (�S ��� � = ��& ����$ �!!��!�"� ��� � ��� ��-�� !" !�� S�� �&���!��!�
���� �!� = �!" � = ��$ #����� �O. � �# ��!�' $�!� ; , ���''�= �&���!��!� � � ����'� �� '� !"
���� �!� ��$ �!" � ��-� �' #�����!�� "( $�!� . � �O. � �#��! ; 5"S�-� = !��� "(!�� '�&>
�$�0��!� �O. � �#��! #�����#��! !""'� !��! � � �"! "�'� . "S� (�' ��"��� !" &�.!� � !��
&"#.'�O �!� "( !�� �O.� �#��!� ��! = �! !�� ��#� !�#� = � � ��!� �' ��$ ��!� �!�-� !" !��
�"�R�O. � ! ���� ; 3�� �(" � = �&���!��!� "(!��  �'� "� !����$ ("'$� � ��$ $� �&!" � � �� � &����
!" ��.� �!� ��$ " ����T� �O. � �#��! $�!� � �"#� �&���!��!� ��-� �-�� �"�� ��&> !" !�� ���
"( .�.� �"!��"">� !" ! �&> !��� $�!� ; 3��� ��!��!�"� "�-�"��'� � ��$� � !�� . "$�&!�- �!�
"( #��� �O.� �#��!�' � "�.� ;

+� " $� !" �$$ ��� !��� . "� '�# = !��� &��.!� $��& �� �� �� �O. � �# ��! # �����#��!
&"#."���! $�-�'". �$ (" !�� < F2��# . "�'�# �"'- ��� ��- � "�#��! �*�9 � ; 3��� �O. � �# ��!
#�����# ��! &"#."���! ��!�� �!�� � S��R����$ � �.��&�' ( "�! ��$ = �� -� �& �.!� = ��$ �
$�!����� #�����#��! ���!�# !" �''"S �&���!��!� !" ����'� ��-� =  �! ��-� = ��$ . � (" #
&��!"# �T�$ ". � �!�"�� "� �O.� �#��!�' $�!� ;

< F2��# �� � . "� '�# �"'- ��� ��- � "�#��! !��! ��& ����� !�� . "$�&!�- �!� "( S""$
�&���!��!� &"�$�&!���  ���� &� "� S""$R����$ &"#."��!� �< F2 � #�!� ��'� ��$ #���(�&!� ���
. " &����� ; +! ��!�� �!�� %" ! �� EC ��#�'�!�"� &"$�� S �!� � <��R����$ � �.��&�' ( "�! ��$ = ��
".!�# �T�!�"� !""' = ��$ -� �"�� - ����'�T�!�"� !""'� ; 3�� < F2��# . "� �&! S�� � ���� �� BEE�
S �!� ��.." ! ( "# ,��8 = ��.� !#��! "( 9�� ��= ��$ ) � ��� �� *"'�!�&���& +��!�!�!� � �!�!�
,��-� ��!� �)*+��, � ; +! ��� ���&� � ��� ���$ �� �!�$��!� �� ��-� �' S""$ �&���&� &'����� =
�� � �$��!� �!�$��!� ��$ (�&�'!�= ��$ ��  ���� &�� � �! ��-� �' (" ��! . "$�&!� &"#.����� ;
, �� (��$��&> ���  ���'!�$ �� ��#� "�� &������ !" !�� ��!� (�&� ��$ ��$� '���� #"$�'� =
��$ S�� !�� # ��" �#.�!�� (" �$$��� �O. � �#��! #�����#��! ; 4�.'�&��� !�� ��!&� /'�
#"$� "( ��� �� !�� <�� ��!� (�&� = ��$ ��.." !��� ".!�# �T�!�"� (" #���(�&!� ��� . " &���
$����� = ��-� ��$ � #��" �#.�&! "� !�� . "$�&!�- �!� "( S""$ �&���!��!� ����� !�� ���'����
&" $�� �� < F2��# ; �" �' �! �' ; �� B� = ��D� $��& �� � �� �� '� -� ��"� "( < F2��# ; +� DCCD = ���
�! �' ; �E B� $��& �� �$ �"S < F2��# ��� (� !�� �-"'-�$ �� !�>��� $�A� ��! �.. "�&��� !" �!�
� &��!�&!� � = �$$��� #" � �".���!�&�!�$ #"$�'� = ��$ �S �!&���� ( "# �� �O. � �#��!R" ���!�$
!" � #���(�&!� � R" ���!�$ �.. "�&� ; 5"S�-� = !�� �..'�&�!�"� �� " �� ���' �"�'�  �#��� !��
��#� : �B� !" ��& ���� !�� . "$�&!�- �!� "( < F2  ���� &� ��$ #���(�&!� ��� � "�.� ��
�#. "- ��� !��� �"(!S� � ��- � "�#��! = ��$ �D� !" &"�!���� �� - ��� �� �� �O�#.'� (" !��
$����� = &"��! �&!�"� = ��$ �-�'��!�"� "( �#�''R�&�'� . "� '�# �"'- ��� ��- � "�#��!� ;

� 8� �O. � �#��! #�����#��! &"#."���! (" !�� < F2��# . "�'�# �"'- ��� ��- � "�R
#��! = � ; ��� = 6 ;3 ; <�!�"� = @ ; 4�#�> ������ = % ;8 ; ?�#>� = F ;� ; �"#�" � = � ���� ��� ��
����������� ��� ����� = �� �DCC� � BB�
 BD� ;
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< F2��# . �#� �'� �� -�� �� �� �O�#.'� (" !�� $����� = &"��! �&!�"� = ��$ �-�'��!�"�
"( �#�''R�&�'� *�9� ; +� ���� �' = � *�9 . "- �$�� �� ��!�� �!�$ ��! "( ����R'�-�' (�&�'�!���
!��! ��.." ! ��� � ������$ �� �"'- ��� . "� '�# � ( "# � . ��& �� �$ $"#��� ��C� ; 8 '�" =
� *�9 &"##"�'� �$$ ����� !�� (" ''"S ��� ������ : +�!� ��! �&&����� �'�!� !" '���&� &"$�� =
- ����'�T�!�"� = �O. � �#��! # �����#��! = #�'!�$��&�. '��� � ��.." ! = &" ''�� " �!�"� ��.." ! =
".!�# �T�!�"� = � ��� . � (" #��&� &"#.�!��� = ����� $" &�#��!�!�"� = . ��� -�!�"� "( �O. � !
>�"S '�$�� =  �&"##��$� ���!�# � = ��$ ��!�� �!�"� ���� ; < F2��# 0��'�/�� �� � *�9 (" !��
(" ''"S ���  ���"�� : �! # �>�� '���&� ��#�'�!�"� &"$�� �-��'�� '� - �� !�� <" '$ < �$� <�� � �! ��
�0��.. �$ S �!� - ����'�T�!�"� ��$ ".!�# �T�!�"� !""'� � �! �� #�'!�$��&�. '��� � � ��$ �! S �'' �" "�
� � ���#��!�$ S �!� �O. � �#��! #�����#��! = &"''�� " �!�"� ��.." ! = ��$ ���� . � (" #��&�
&"#.�!��� ;

���. �!� �!� #�'!�(��&!�"��' �� �'�!� "(  ������ ��#�'�!�"� �O. � �#��!� ��$ ���� �!���
��$ �!" ��� $�!� = < F2��# ���$� �� �$�0��!� !" "' !" #����� �!� �O�&�!�"� ��$ �O. � �# ��!
$�!� = ��$ !" . "-�$� �$$�!�"��' (��!� �� ��&� �� �O. � �#��! ��� &���� = &"#.� ��"� = ��$
"!�� $�!� # ����� !�&���0��� ; 3��� &��.!� $��& �� �� �A" !� !" $�-�'". ��&� �� �O. � �# ��!
#�����# ��! &"#."���! (" < F2��# ; +� ��" ! = !�� ��!��! �� !" �#.'�#��! � $�!�����
#�����# ��! ���!�# ��FQ �� !" �!" � ��#�'�!�"� ��.�!� ��$ "�!.�!� �! !�� �� -� ��$ =
. "-�$� ��'.(�' � �.��&�' ��!� (�&�� !" (�&�'�!�!� ��� �&&��� �! !�� &'���! ��$� = ��$ !��� ���
�"#� �& �.!� !" &"���&! �'' "( !���� -� �"�� &"#."���!� ;

3�� &��.!� �� " ����T�$ �� (" ''"S � ; 2��.!� � ;D  �-��S � �"#�  �'�!�$ S" > �� *�9� =
< F2 &"#.�!� R����$ ���!�# � = ��$ �"#� �O. � �#��! #�����#��! �9Q � ���!�# � ; 2��.!� 
� ;� � ���� $��& �� �� < F2��# ; 2��.!� � ;� ��-�� !�� #"!�-�!�"� (" $�-�'". ��� !�� 9Q
&"#."���! ; 2��.!� � ;� �'�� " �!�� !�� � &� �!�&!� � "( < F2��# ��$ �"S !�� 9Q &"#."���!
/!� �� ; 2��.!� � ;� $�#"��! �!�� � !�. �&�' �&��� �" ����� !��� 9Q &"#."���! ; 2��.!� � ;�
"�!'���� �"# � (�!� � $� �&!�"�� (" !��� 9Q &"#."���! ��$ $ �S � &"�&'���"�� ;

� �� � � ����� ����
3�� � � � � $"T�� " �" . "� '�# R�. �&�/& *�9� $�-�'". �$ (" -� �"�� �..'�&�!�"� $"# ���� =

��$ ��-� �' &"#.�!� R����$ # �!��#�!�&�' # "$�'� S� � $�-�'". �$ !" �"'-� .� !�&�'� . "� '�# �
�� !�� S""$R����$ &"#."��!�� ��$��! �; 5"S�-� = �" S" > >�"S� !" !�� ��!�" � �$$ �����
!�� ��!�� �!�"� "( < F2 #�!��#�!�&�' #"$�'� S �!� � . "� '�# �"'-��� ��-� "�#��! ; < F2��#
�� #���! !" / '' !��� ��. ��$ . "-�$� � -�'���'� !" "' (" !�� S""$R����$ &"#."��!�� ��$��! �;

�"�' �! �' ; $��& �� �$ �"#� �� '� *�9� �� B� ; ���&� !��� = ��-� �' ��S *�9� ��-� � ���
��! " $�&�$ ; � ��#" �B�� = & ��!�$ �! <������!"� ,��-� ��!�= �� �� "�� �&!R" ���!�$ Q"�!�
2� '" .�&>��� (" #"$�'��� �'' ��. �&!� "( � ��!�''�!� �� $����� ��$ . � (" #��&� ; +! ��� . '���$
� �����/&��!  "'� �� !�� $����� "( !�� ��##� 4�� 6� �� 8 �� �.�&� 3�'��&". � = !�� ��&&���" 
!" !�� 2"#.!"� ��##� 4�� 1��� -�!" � !��! S�� '���&��$ ��!" �.�&� �� BEE B !" �O. '" �
!�� ��##�  �� ." !�"� "( !�� �'�&! "#����!�& �. �&! �# �� ��! ".����&� ; ) �T2 �(! ��E� =
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$�-�'". �$ �! )*+��, = . "-�$�� � � �.��&�' ��� ��!� (�&� (" � S �$�'�R���$ ���!� "( ���'����
��$ ".!�# �T�!�"� &"$�� !��! ��$ �� & �(! $������ � $� ��� !�� &"�&�.!��' $����� "( ����R�. ��$
&�- �' ! ���. " ! ; ) �T2 �(! &"#����� - ����'�T�!�"� ��$ &"#.�!�!�"� = ��&"� ����� !�� $������ 
!" !���> �� !� # � "( !�� "-� �'' . "� '�#R�"'-��� !��> = �"! ��#.'� ����� !�� - ����'�T�!�"�
!" - ��S !�� &"#.�!�!�"� ��  ���'!� ; 8 '�" = � &"#.�!��� ��-� "�#��! $�-�'". �$ �� 2��� �!
�' ; �D� � = !��! &"#����� .� !�&'� ���!�# � =  �� �$R� "$� .� !�&'� $���# �&� = &"#.�!�!�"��' ���$
$���# �&� =  ��$� ��� = ��$ -����'�T�!�"� !�&���0��� !" ��#�'�!� .����&�''�  ��'��!�& = &"#.'�O
$��! � ���-�" ��� � ��� ��"S� !" � � ���(�' �� ��!� �&!�-� � �.��&� �..'�&�!�"�� (" �$�&�!�"� =
��!� !���#��! = " ! ������ ;

+� !�� S""$ &"#."��!�� ��$��! �= # �!��# �!�&�' #"$�'� #�� � � ���$ !" $��& �� � !��
. � !����!  �'�!�"����.� �#"�� -� �"�� #���(�&!� ��� .� �#�!� � ��$ /��' &"#."��!� . ".R
� !��� ; 3�� #"�! ������!��' �!���� "( &"#."��!�� . "$�&!�"� � � !�� #�! (" #�!�"� ��$ !��
�"!R. ������ . " &����� � !�� �(" � = !�� #"$�'��� �A" ! �� &"�&��! �!�$ "� !���� !S" � ��� ;

8 #�! (" #�!�"� #"$�' ��  �0�� �$ !" ��!�� '��� !�� & �!�&�'  �'�!�"����.� � �!S��� !��
�! �&!� � "( !�� &"#."��!� ��$ !�� $���# �& &����� "( &� !��� .����&�' . ". � !��� $� ��� #�!
&"��"'�$�!�"� ; 1�� "( !�� #"�! �"!�� '� �O�#.'�� "( ��&� �� �.. "�&� �� !�� &"##� &��''�
�-��'�� '� # �! (" #�!�"� �"(!S� � $�-�'". �$ �� %" ��!�> 2���$� 2" ." �!�"� ; 3�� �"(!S� � =
����$ "� ��� �� #�!��#�!�&�' #"$�' �D�� = ��&" . " �!�� ��"#�! �& . "��� �'�!� !��" � ��$
��#�'�!�"� !�&���0��� (" $��& �� ��� &�� �&!� ��!�&� "��� -��'� "� !�� �� (�&� "( !�� ��>�
#�! ; 8�"!�� #�! (" #�!�"� #"$�' = & ��!�$ �� 6� ���� = &�''�$ < ��Q�! = S" >� �� � �!��$R
�'"�� �..'�&�!�"� �� �'' < ��$"S � ". � �!��� ���!�# � ; 3�� #�� " "� � �&!�-� "( < ��Q�! �� !"
���� �!� &"##��$� (" �� ��$��! ��'  "� "! !��! �� &�.��'� "( .�!!��� !"��!�� # �! �! �&!� ��
( "# ���(" # ��T� ��>�� ; < F2��# ���� � #" �  ��'��!�& #"$�' "( !�� #�! �! �&!� � $�-�'". �$
�� �"#�" � �! �' ; �BBD� = �� S��&� #�! (" #�!�"� ��&'�$�� !�� ��"# �! � "( !�� S""$ �'�#��!�
��  ��$"# -� ��� '�� ; +� !��� #"$�' = &� !��� '�# �!�!�"�� &�� � � �#."��$ "� !�� " ���!�!�"�
"( !�� �'�#��!� ;

8 �"!R. ������ #"$�' $��& �� �� !�� ���! ��$ #��� ! ���(� $� ��� !�� �"!R. ������
. " &��� "( S""$R����$ &"#."��!� .���'� ; 3�� '�!� �!� � �� �O!����-� "� !�� #"$�'��� "( !��
��!� ��' &"�$�!�"�� !��! � � . ����! $� ��� !�� �"!R. ������ �!��� "( S""$R����$ &"#."��!�
#���(�&!� � ; �"#�" � �! �' ; �BBB� �� -���$ !�� �"!R. ������ #"$�' '�!� �!� � ; 5"S�-� =
�#." !��! #"$�'��� �A" !� !" $�!� S� � ��!�� �"! &"#.�!� ����$ " $�$ �"! ��&'�$� ��
��!�� �!�$ ��-� "�#��! ;

3�� !". �& "( �O. � �#��! #�����#��! ��� � �&"#� -� � . ".�'� �� !��  ���� &� &"#R
#���!�; <" >�"S #�����#��! ���!�# � �< %Q ��� & ��!�$ �! !�� ,��-� ��!� "( < ��&"����
�B� ��� � $�!����� #�����# ��! ���!�# ��FQ�� !" �!" � !��> $��& �.!�"�� ��$ �#.'�# ��!
�'' S" >�"S (��&!�"��'�!� �� #"$�'�� !��!  �� "� !". "( !�� �FQ� ; 3�� ���>!". 9O. � �R
#��! Q�����#��! 9�-� "�#��! ��9Q9 � = �'�" &�''�$ �"" ���� = S��&� &"#�� ( "# !�� ��#�
���-� ��!�= �#.����T�� ���� �& �O. � �#��! #�����#��! !�&��"'"��; �"" ��� � ��� ���$ ��
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#��� $"#��� �&���!��!� �� /�'$� �� $ �-� �� �� �"�' �&���&�� !" � �" &��# ��! �= $�#"��! �!���
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�O�&�!�$ ;

3�� &'���! '��� �'�" &"�!���� -��S� � (" "�� "( !�� - ����'�T�!�"� !""'� = !�� )4Q6
! ���'�!" ; < F2��#  �0�� �� � )4Q6 D ;C - ��S� (" !�� 4%* #"$�' ; 3�� )4Q6 -��S� 
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�( !�� )4Q6 .'��R�� $" �� �"! �O ��! ;

3�� &'���! '��� ���$'�� &"##���&�!�"� S �!� !�� �� -� '��� �� ���$��� 533*  �0���!� ;
< ��� � ��� &'�&>� � '��> = � ,46 �.. ��$�$ S �!� ��&���� � �&!�"� &"##��$� ��$ .� �# �!� �
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"'$ ��-�# �!�& �� -� ��$ �" &>�! &"##���&�!�"� .� �$��# $��& �� �$ �� �� B� = ��$ (�&�'�!�!�$

��!!��� �. < F2��# ����! �&&"��!� "� !�� �� -� #�&���� !��! $" �"!  �0�� � (�'' �&&"��!

� B



. �-�'���� ; 3�� ����! �&&"��! ��$ �" #�' ��� �&&"��!� �(" &"##� &��' = .����� ��� �� . � # �!
��� � !" ��-� ��$ ! �&> !��� $�A� ��! ��#�'�!�"�  ��� = ��$ . "!�&! !��� $�!� ( "# �����
 �#"-�$ " "-� S �!!�� �� "!�� � ; 5"S�-� = !��� !�'��! &"���&!�"� ���$� !�� &'���! !" ��� �
�. �&��' ��!S" > . " ! !" &"##���&�!� S �!� !�� �� -� ; +� !"$�� �� S" '$ "( ����'� !���!���$
��&� �!�= �! �� . "� '�#�!�& !" ��> � ��� !" ". ���#"��!" � �. �&��' . " ! "� ��� &"#.�!� ��
" $� !" ��� < F2��# ; 8 �!��$� $ 8.�&�� 533* �� -� S �!� � *5* #"$�'� "� '�  �0�� ��
!�� �!��$� $ 533* ." ! �C = S��&� �� !�� �!��$� $ ��$ �" #�''� ". ���#"��!" �$ . " ! �!
!�� &'���! &"#.�!� (" <�� � "S ���� ;

3�� *5* #"$�'� �� -�� �� � . '��R�� !" !�� 8.�&�� 533* �� -� ; < ��� !�� 533*
�� -�  �&��-�� �  �0���! (" � *5* /'� = !�� *5* #"$�'� S �'' .� �� ��$ �O�&�!� !��! *5*
/'� ��$  �!� � 53Q6 ��&> !" &'���! ; 3��� *5* #"$�'� ��.." !� �����"�� ; 8 �����"� �� �
�� ��� "(  �'�!�$ ��!� �&!�"�� � �!S��� � ����'� &'���! ��$ !�� <�� �� -� = S��&� &�� !�>�
. '�&� "-� �� �O!��$�$ . � �"$ "( !�#� ; F� ����� �����"�� = !�� *5* #"$�'� &�� &"�&�  ��!'�
�&&�.! #�'!�. '�  �0���!� ( "# $�A� ��! &'���!� ��$ $� �&! �O�&�!�"�� "( #�'!�. '� ��#�'�!�"�� ;

� �� �� � ��� ����� �����
8� �!� ��#� ������!� = !�� $�-�'". � '��� &"�!���� '���&� . "� �# � & ��!�$ ��  ���� &�� �

!" #"$�' < F2 #�!� ��'� ��$ #���(�&!� ��� . " &����� ; 3���� '���&� . "� �# � � � !�� ��� !
"( < F2��# ; +� ���� �' = < F2��# ��.." !� '���&� . "� �# � S  �!!�� �� ��� . "� �## ���
'������� �� '"�� �� !�� . "� �# !�>�� �!� ��.�! .� �#�!� � ( "# ,@+P �!$�� ; 3�� ��.�!
.� �# �!� � &�� � � � (�S ��#�� � " � '� �� $�!� / '� ; +� .� !�&�'� = < F2��# ��.." !�
/-� %14348@ �� ��$ %" ! �� EC ��#�'�!�"� . "� �# � &"  ��."�$��� !" !�� /-� #"$�'�
$��& �� �$ �� 2��.!� � ;� ;

< ��'� ��&� %" ! �� . "� �# ��� �!� "S� ��.�! (" #�! ��!$�� &"�'$ � �  �$� �&!�$ !" �
/'� � = !�� �� -� '��� &"##���&�!�� $�!� S �!� !�� $�-�'". � '��� -�� �! ���� "( .� �# �!� �
��.� �!�$ �� S��!� �.�&� ��.�&�� = !��� = ��S '����� ; +� " $� !" &". � S �!� !��� �! ��� (" #�! =
��&� '���&� . "� �# �� �S �.. �$� S �!� � &��!"# �T�$ *� ' �& �.! ; 3�� �& �.!  �&��-�� !���
�! ��� "( .� �#�!� � ( "# !�� *5* #"$�'� �! !�� �� -� = ��$ &"�-� !� !�"�� .� �#�!� � ��!"
�� �.. ". ��!� (" # �! (" !�� %" ! �� . "� �# ; 3��� !�� �& �.! &�''� !�� '���&� . "� �#
��!" �&!�"� = (��$��� �! !�� ��.�! = ��-">��� ���  �0�� �$ ".!�# �T�!�"� ��$ -����'�T�!�"� !""'� =
.�&>��� �'' %" ! �� "�!.�! �� 53Q6 /'�� = ��$  �!� � ��� 53Q6 /'�� = / �! !" !�� �� -� 
'��� = ��$ !��� !" !�� &'���! '��� ; < �!� !��� � &��!�&!� � = !�� $�-�'". � '��� �� ��$�.��$��!
"( !�� "!�� '��� � = S��&� # �>�� !�� . " &��� "( $�������� = ��$ ��!�� �!��� ��S ��#�'�!�"�
&"$��  �'�!�-�'� ����;

1 �� ���''�= !���� S  �.. � � ��$ � ��! "( ��.�! .� �# �!� � �� $ &"$�$ �� !�� &"$� ;
3"$�� !���� S �.. � � ��� !�� PQ6 $�!�����! !" &"�-� ! !�� �! ��� "( ��.�! .� �# �!� �
��!" !�� �.. ". ��!� (" #�! (" !�� %" ! �� . "� �# = ��# �'� !" �"S !�� ��!� (�&� '��� S �''
 ��$�.� �� !�� ��# � PQ6 /'� = ��$ �!�'�T� �  �� �! �&!� �� �$��& �� �$ �� 2��.!� � ;� ;B� ;
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��� �! �' ; �EC� $��& �� �$ �"#� �$$�!�"��' ". � �!�"�� �� !�"�� S �.. � � !" ��.." ! !��
�O.� �#��! #�����#��! &"#."���! ; 3�� � � � �'�" "!�� S �..� � ���" &��!�$ S �!� !��
��-� =  �! ��-� = ��$ &"#.� � (��&!�"�� ( "# !�� ��� ��!� (�&� �! !�� &'���! '��� ; 6 �>� !��
��#�'�!�"� S  �.. � = !���� S  �.. � �  �&��-� $�!� ( "# !�� �� -� '��� = ��$ &"�-� ! !�"��
��.�! -�'��� ��!" �� �.. ". ��!� (" #�! (" !�� $�!����� ; 1 �� ���''�= !� �� &"�-� ��"� . " &���
S�� �'�" �� $ &"$�$ ; 5"S�-� = S" > &"�-� !��� < F2��# !" ��� !�� ��# � PQ6 ����! !"
&"��! �&! !�"�� ��&���� � 0�� ��� ��$ $�!����� !�� '�� �� &�  ��!'� ��$� S��;

1!�� !��� S �.. � � = !�� $�-�'". � '��� �'�" ��&'�$�� ".!�# �T�!�"� ��$ -����'�T�!�"�
!""'� !" #�O �# �T� !�� ��#�'�!�"� �� -�'�� !" !�� ��� �E B� ; ���&� !�� S �..� � . �.� � !��
��.�!� (" ��$  ��$ !�� "�!.�!� ( "# !���� ".!�# �T�!�"� ��$ -����'�T�!�"� !""'� = !���� !" "'�
$" �"! ��!� �&! S �!� !�� PQ6 $�!�����!� $� �&!'�;
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� �� ������	��
� �� �� � ���� ������	�

���& �� ��� � !�.�&�' ����� �&��� �" "( < F2��# �� ���! �&!�-� ; 2"���$�  ���� &� ��!"
!�� . ". � !��� "( " ���!�$ �! ��$ �"� $ . "$�&!� = S��&� S"�'$ ��� !�� 1�F #"$�' ; % � �! =
� �&���!��! ��#.'�� !�� (�&� ��$ &" � '��� ��>�� ( "# �� ��$��! ��' . "$�&!�"� '��� ; 3��
�&���!��! # ���� �� !�� ��"#�! � ��$ !�� S����! "( ��&� ��>� ; 3�� ��>� . ". � !� $�!� ��!�
� � !��� ���$ !" ��!�# �!� !�� �!�!��!�&�' . "����'�!� $����!� (��&!�"�� "( !�� ��>� . ". � !��� ;
3��� = !�� �&���!��! ". ��� � � "S �� S ��$"S ��$ '���&��� !�� < F2��# <�� .��� = S��&�
�� $���# �&�''� ���� �!�$ ( "# *5* ��$ PQ6 ; 3�� ����! �&&"��! �� !�� $�(��'! '"���
".!�"� = S��&� �!" �� �'' !�� ��.�! ��$ "�!.�! $�!� �� � !�#." � � $� �&!" � !��! �� .� ��$
. � �" $�&�''�; 3�� �&���!��! ��'�&!� !�� 1�F #"$�' ( "# � '��! "( �'' !�� �-��'�� '� #"$�'� ��
&'�&>��� �,�� 3��� Q"$�' �� ����!� ; 3�� �&���!��! !��� '���&��� !�� 1�F #"$�' ��!� (�&�
���"S� �� % �� ; � ;D� �� &'�&>��� �@�S Q�! %" #�!�"�� ; F� �. �&�(� ��� !�� . "����'�!� $����!�
(��&!�"�� "( !�� ��>� . ". � !��� "�!����$ "
 ��� �� '�� = !�� �&���!��! &�� & ��!� � �!�!��!�&�''�
-�'�$ #"$�' ���!��&� "( !�� �.�!��' �! �&!� � "( #�'!�. '� '��� � "( ��>�� = ��&� S �!� -� �"��
.� �# �!� � $�/���� !�� ��#�� "( ��>�� = '���!� $��! ���!�"� = S �$!� $��! ���!�"� = !��&>����
$��! ���!�"� = $����!� $��! ���!�"� = " ���!�!�"� = ��>� &"'" = ��$ ��#�� "( ��>�� ��"S� ; 3��
'�!!� !S" � � �"'�'� (" - ����'�T�!�"� ;

@�O! = �. "� ���  �0���!� = !�� ��.�! .� �#�!� � �F""'��� = ��#� �& = " �'.����#� �&�
� � &"''�&!�$ �� !�� *5* &"$� �! !�� �� -� �� � '"�� �! ��� �.� �#�!� � � � ��.� �!�$ ��
S��!� �.�&� � ; 3��� = !�� *5* #"$�'� &�''� !�� 1�F S �.. � !" &"�-� ! !��� �! ��� ��!" �
��6 0�� �= ��$ &��&>� �( !��� ��! "( ��.�! .� �#�!� � �� �!" �$ �� !�� $�!����� ;

+( !�� "�!.�! $" �� �"! �O ��! �� !�� $�!����� = !�� 1�F S �.. � &"�-� !� !��� ��.�!
�! ��� ��!" � $�!� / '� $��!���$ (" !�� 1�F %" ! �� EC ��#�'�!�"� . "� �# ��  �(� ��&���
!�� &"  ��. "�$��� 1�F PQ6 $�!�����! ; ���&� !�� 1�F ��#�'�!�"� &"$� ��� �!� "S� !�O!R
����$ ��� ��!� (�&� !�> ��� ��.�! ( "# �!$�� = � !�#." � � / '� �� ���� �!�$ !" &"�!��� �''
"( !�� �.. ". ��!� &"##��$� ; �!$ �� �� !���  �$ � �&!�$ !" !��� !�#." � � $�!� / '� (" !��
��#�'�!�"� ; 3�� 1�F S �..� !��� ��-">�� !�� 1�F ��#�'�!�"� &"$� S �!� !� �� !�#." � �
/'� �� �!$�� �'"�� S �!� !�� . ". � '� (" #�!!�$ $�!� / '� ; < ��� !�� ��#�'�!�"� &"$� ��
�O�&�!��� = !�� 1�F S �..� #"��!" � !�� ��#�'�!�"� "�!.�! �! ��# (" �! ���� ��$�&�!���
�O�&�!�"� # �'��!"��� ; 3�� 1�F S �.. � ���� !�� �!��$� $ �  " �! ��# (" �!" ��� !����
#������� ��!" � '"� / '� = S��&� � ��� &�� �'�" �&&��� ( "# !�� <�� �� &'�&> ��� �2��&>
�!�!��� ;

+( !�� "�!.�! �O ��!� �� !�� $�!����� �� ��#�'�!�"� S �!� !��� �O�&! ��#� ��.�! $�!� ���
� ���  �� �� '�� = ��$ !�� "�!.�! ��-�$ � = !�� 1�F S �.. � �O! �&!� !�� "�!.�! ( "# !��
$�!����� ��$ .'�&�� �! ��!" $�!� / '�� �� !�� ��# � (" #�! �� �! S"�'$ ��-� � ��� S �!!�� ��
!�� 1�F %" ! �� EC ��#�'�!�"� &"$� ;

��



< ��� !�"�� "�!.�! $�!� / '�� � �  ��$� ��" #�!!� S��!�� !��� &�#� ( "# !�� %" ! ��
EC ��#�'�!�"� . "� �# " !�� $�!����� � = !�� 1�F S �.. � &�''� Q �!��#�!�&� !"  ��$ !�"��
$�!� / '�� ��$ ���� �!� . '"!� S �!� -� �"�� Q�!��#�!�&� &"##��$� ��&� �� 6��!2"�!"� * '"! =
6 ��!* '"!�� = Q�'!�. '�6 ��!* '"! = ��$ �  �.��&��� ; Q�!��#�!�&� �'�" &"�-� !� !���� ��!� ��'
� �.��&� $�!� �! �&!� �� ��!" � +% (" #�! �" !��! !��� &�� � � - ��S�$ �� � � "S �� ; % �� ; � ;�
��"S � � !� ��R$�# ����"��' -����'�T�!�"� "( � !� ��R'���  ��$"# ��>� # �! & ��!�$ S �!�
�  �.��&��� �� Q�!��#�!�&� ; % ���''�= !�� 1�F S �.. � �#��$� !���� � +% /'�� �� 53Q6
/'�� ��$  �!� �� !���� 53Q6 /'�� !" !�� *5* #"$�'� ; 3���� 53Q6 /'�� � � .����$ ��&>
!" !�� &'���! = S�� � � ��� &�� &'�&> �) ��S 4���'!�� !" �&&��� !��# ; ��� �! �' ; �EC� (� !�� 
$��& �� �$ �&��� �"� ��-"'- ��� � &"#.� ��"� � �!S���  ���'!� ( "# #�'!�. '� ��#�'�!�"�  ��� ;

� �� �� ���	�� � ������ ������	�
���& �� ��� � !�. �&�' &����� �&��� �" (" < F2��# �� �A�&!�-� !" $�#"��! �!� �"S

PQ6 ���/�� !�� &"#."���!� �� !�� !� �� �#. '�#��!�!�"� '��� � ; 2"���$� �$$��� �� ��.�!
.� �# �!� � ���A� ��&� �� Q"��!� � 2"�!��! �! %�&� ( "# 2" ��� �� !�� �+��!��' 2"�$�!�"���
��&!�"� (" !�� 52 #"$�' ; 8 �&���!��! ���!��!�� !��� &����� �� �$$��� !��� .� �# �!� �� !��
%" ! �� ��#�'�!�"� &"$� ��!� ��.�! = �!� �'�" �!�# = ��$ �!� "�!.�!� ; +� " $� !" &����� !��  ��!
"( !�� ���!�# = !��� �&���!��! &�� $"S�'"�$ � &".� "( !�� 52 PQ6 $�!�����! ( "# !�� <��
�(" �O�#.'� = �!!. :�� ;;;�O# '��"! ;O# '� ; 8 (!� '" &�!��� !�� .� �# �!� ��&!�"� $�/���� �+��!��'
2"�$�!�"��� = !�� �&���!��! &�� $�.'�&�!� !�� !��� ��$ &"�!��!� "( �� �O ��!��� .� �#�!� ��
� !�#.'�!� = ��$ !��� �$�! ��$ �$$ !��� ��S .� �#�!� �� (�'' ��# � = ��" ! ��#� = .����&�'
���!� = ��$ $�(�� '! -�'�� ; 3��� �&���!��! &�� !��� ���# �! !��� �. $�!�$ PQ6 $�!�����! !" �
$�-�'". � = S�" &�� -� �(� !�� ���!�O "( !��� $�!�����! ��  ������ �! ������! � PQ6 �&��#� ;
8 (!� . ". � '� ��&>��� �. !�� "'$ -� ��"� "( !�� PQ6 $�!�����! = !�� ��S "�� &�� � � . '����$
�� ; 3��� = !�� ��!� (�&� �! !�� &'���! '��� ��$ !�� S �.. � � �! !�� $�-�'". � '��� S �''
�&&��� !��� ��S PQ6 $�!�����! ���!��!'� S��� � ��S �����"� �� �!� !�$ ; 3�� &"  ��. "�$���
��!� (�&� S �'' ��-� !��� ��S .� �#�!� �� � !�O!� "O � !�� S �.. � � S �'' . �.� � !��� ��S
.� �# �!� �� �� �$$�!�"��' ��.�! �� !�� ��.�! $�!� / '� (" !�� 52 ��#�'�!�"� &"$� ; +� !��
(�!� � = ��&���� � �& �.!� &�� �-�� ��&>�. ��$ �'!� !�� $�!����� !�� '�� �� S�'' = S ��&� ��
��! !" � � �#.'�#��!�$ �� < F2��# ;

3�� �� "-� �&��� �" ��� #��� ����#.!�"�� ; 1�-�"��'�= !�� PQ6 $�!�����! "�'� ��.." !�
� ��! "( &��!"# �T�$ !��� ���&� �� !�� "��� '��!�$ �� 2��.!� � ;� ;B� ; +( �! �� � ��#.'� &�����
'�>� �� "-� = � S""$ �&���!��! &�� ����'� ���� ! !�� ��S ��.�! .� �#�!� �� ����� �O ��!���
!��� = ��$ "��� !�� PQ6 �! �&!� � ; +( � &�����  �0�� �� �O! � !��� �!" $�/�� �"#� �. �&��'
��(" #�!�"�  �'�!�$ !" � .� �# �!� " � ��! "( .� �#�!� �� = &� !���'� � S""$ �&���!��! ���$�
!" &"���'! S �!� � $�-�'". � !" &"" $ ���!� !�� #"$�/&�!�"� "( !�� PQ6 �&��#� ���&� ��
�$$��� #" � !��� ��$ �#� �&��� #" � &"#.'�O PQ6 �! �&!� ��� ; 3�� �� "-� �&��� �" �'�"
����#�� !��! !�� "�!.�! �!��� !�� ��# � �(!� �$$��� !�� ��S ��.�! .� �#�!� ; 3��! ��

��



��'$"# !�� &��� ; 3�� �(" � = � S""$ �&���!��! S"�'$ �'�" ���$ !" '" &�!� !�� "�!.�!  �'�!�$
��&!�"�� S �!��� !�� PQ6 $�!�����! !" �$$ ."���� '� �$$�!�"��' "�!.�! ��(" #�!�"� = �" !��!
!�� S �.. � � &�� .� �� ��&� ��(" #�!�"� ( "# !�� PQ6 $�!�����! $��& �� ��� �"S !" $��'
S �!� !�� �$$�!�"��' "�!.�! ;

5"S !" . � (" # ��&� &����� # �����#��! ��!"#�!�&�''� �� �� �&!�-� � �� "(  ���� &�
�� $�!����� ���!�# � ��$ = ���$ '��� !" ���= �� 0� �!� & �!�&�' �� *�9  ���� &� �� S�'' ; F�
�O.'�&�!'� ��&"$��� #"$�'��� ��$ �O�&�!�"� ����#.!�"�� �� � $�&'� �!�-� (" # �! ��&� ��
PQ6 = !�� �� �'�!� ��  ��� -�$ !"  �- ���! < F2��# ���!�# $����� �! � '�!� �!��� ��$ . "- �$�
#" � �".���!�&�!�$ &����� #�����#��! (�&�'�!��� ; +� ��##� �= &������ �� PQ6 $�!�����!�
&�� ��!"#�!�&�''� . ".���!� !" !�� ��!� � *�9 ���!�# ����# ��� :
�B� 3�� &�����  �0�� �� "� '� �O ��!��� !��� ;
�D� 3�� &����� "���� �O ��!��� PQ6 �! �&!� �� PQ6 �&��# � ;

� �� ������ ���� ��� ���� ��� 	���
��� �! �' ; �E B� $��& �� �$ .'����$ �$$�!�"�� "( �O.� �#��! #�����#��! �9Q � = &" ''��R

" �!�"� ��.." ! = ��$ ���� . � (" #��&� &"#.�!��� = S��&� � � !�� #"�! �.. ��'��� # ������
(��!� �� ��-�� !�� &�  ��! �!�!� "( < F2��# $�-�'".#��! ; < ��'� < F2��# �� � ���� $�-�'R
". �$ "� ��-� �' $�A� ��! ( "�!� = !�� $�-�'".#��! ! �&> (" ��&" . " �!��� PQ6 !�&��"'"��
��!��$� !" ��.." ! ��!"#�!�& $�!����� &������ = � � #" � ��O �� '� ��$ $���# �& = ��$ �#. "-�
PQ6 �!" ��� ; 9�&� "( !���� (�!� � $�-�'".#��!� �� $ ��&����$ �� !� � ��O! ;

2�  ��!'�= S��� � PQ6 $�!�����! �� &�����$ = !�� � ���-�" "( !�� ��!� (�&� ��$ S �.. � �
�&&������ !��� PQ6 $�!�����! S �'' &����� �&&" $���'�; 3�� $�!����� = �"S�-� = ��� !" � �
&�����$ #����''� !" �!" � #"$�/�$ ��#�'�!�"�  ��� ; *� ' �& �.!� &�� � � $�-�'". �$ !" ��&>�.
!�� �O ��!��� ��#�'�!�"�  ��� = ��$ ��� !�� PQ6 !" �'!� �& ��!� !�� ��S $�!����� !�� '��
��!"#�!�&�''�;

3�� �O ��!��� ��! "( !�� PQ6 !��� &��!"# �T�$ (" < F2��# ��� ��! !" � � !��!�$ (" 
���� �'�!� ��$ ��O �� �'�!�; 8 S""$ �&���!��! ��"�'$ � � ��'� !" ��$� �!��$ ��$ &����� !��
PQ6 $�!�����! ����'�; 3�� �"�' �� !" # �>� &������� !�� PQ6 $�!�����! � ! �- ��' !��> (" 
� S""$ �&���!��! S�" $"�� �"! >�"S #�&� ��"�! PQ6 ;

,."� ���# ����"� "( �� �.$�!�$ PQ6 $�!�����! = � $�-�'". � �� �!�'' ���$�$ !" -� �(�
!�� ���!�O "( !� �� PQ6 $�!�����! = ��$ #"��!" S��!�� !�� &����� &�� ��  ��'�T�$ ��
!�� < F2��# ��!� (�&� ��$ S �..� � �(" �O�#.'� = � &����� ��"�'$ �"! �A�&! < F2��#
��!� (�&� ���� �'�!� � ; *� ��.� !��� . " &��� &�� � � (� !�� ��!"# �!�$ S �!� �$�!��� = ���# �!!��� =
-� �(� ��� = ��$ !��!��� � PQ6 $�!�����! � ���� $"�� �� � S""$ �&���!��! ��# ��'( ����� � <��
��!� (�&� ;

3�� PQ6 /'�� � � &�  ��!'� �!" �$ �� . '��� !�O! / '�� ��$� � &� !��� $� �&!" � �� !�� / '�
���!�# ; < ��� !�� PQ6 /'�� � � �.$�!�$ = !�� "'$ "��� � �  ���#�$ S �!� � $�!� ; 2� !��� '�

��



� � �!!� S�� "( � &��- ����$" &�#��!��� !���� PQ6 /'�� �� ���$�$ = ��. �&��''� S��� � ��! "(
PQ6 /'�� &�� � � ���$ !" $�/�� � -� ��"� "( < F2��# ;

< F2��# ��� �-"'-�$ �!��$�'� ( "# � . "!"!�. � *�9 ��!��$�$ �� � !""' (" &"#.�!� 
�&���&� *�9  ���� &� ��$ � <��R����$ ��!� (�&� (" � (�S '���&� &"#.�!� . "� �# � = !" �
#���(�&!� �R" ���!�$ ��� &"##� &��' 0��'�!� *�9 !��! �� �� �"��'� ���$ �� S""$ �&���&�
 ���� &�� � �� ��$��! � ��$ �&�$�# �� = S��&� # �>�� < F2��# #"$�'� �!�� '� ��"��� �" !��!
��(" #�!�"� �� "�! !���� #"$�'� &�� � � ��&"$�$ �� PQ6 ; ���&� ��!� ��!��� &"#.�!�!�"��'
&�.���'�!��� � � �!�'' '�&>��� �E B� = < F2��# S �''  �# ��� �� "�� �&! "( &"#.�!� �&���&�  ���� &�
(" �"#� !�#� !" &"# � ; 7�! !�� . "� �# �� ��!� (�&�� = #"$�'� = ��$ "�!.�! - ����'�T�!�"�� � �
�"S �""$ ��"��� !" � � ���$ �� . "$�&!�"� !""'� �� S""$ �&���!��!� ; 3�� $� �&!�"�� �� S��&�
&"#.�!� �&���!��!� S"�'$ '�>� !" !�>� < F2��# �&"''�� " �!�"� = $�!� # ����� = � �$ &"#.�!��� �

� � 0��!� $�A� ��! ( "# !�� $� �&!�"�� !��! S""$ �&���!��!� S"�'$ . �(� (" < F2��# ���S
#"$�'� =  �/���� �O ��!��� #"$�'� = # " � ��!� (�&� ��$ -����'�T�!�"� ".!�"��� ; 3�� . ����!
'��� �$ � &��!�&!� � "( < F2��# ��.." !� !���� $�-� ���! $�-�'".#��! $� �&!�"�� S�'' ;
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Chapter 5: Execution Management via Computational
Steering*
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��$ $�-�'". � '��� � ; PQ6 �� !�� �& "��# (" 9O!����� '� Q� >�. 6������� = S��&� �''"S �
� $�-�'". � !" & ��!� &��!"# �T�$ !��� = ��.." !��� !�� $�/��!�"� = ! ���# ����"� = -�'�$�!�"� =
��$ ��!� . �!�!�"� "( $�!� S �!����� �!S��� �..'�&�!�"�� = ��$ �#"�� " ����T�!�"�� ;

8 � < F2��# ��� �-"'-�$ �� -� �"�� S��� !� "���"�! #��� ��� � = �!� " �� ���' �"�'�
 �#��� !�� ��# � : �B� !" ��& ���� !�� . "$�&!�- �!� "( < F2  ���� &� ��$ #���(�&!� ���
� "�.� �� �#. "-��� !��� �"(!S� � ��-� "�#��! = ��$ �D� !" &"�!���� �� -��� �� �� �O�#.'�
(" !�� $����� = &"��! �&!�"� = ��$ �-�'��!�"� "( �# �''R�&�'� . "� '�# �"'- ��� ��- � "�#��!� ;

� �� ���	��� �� ��� ��
�����	��� � �����	��
3�� #" � �$-��&�$ #"$�'� �� < F2��# = ��&� �� !�� �"! &"#. ����"� #"$�' �� !S"R

$�# ����"��' �"�'���� .� !��' $�A� ��!��' �0��!�"� � = �!� %" ! �� EC &" � . "� �# ��$ �!�
- ����'�T�!�"��".!�# �T�!�"� !""'� = &�� !�>� �"� � !"  �� "� � (��! ���� F'�$� DCCC � S" >�!�!�"� ;
8 � # ��!�"��$ ��"-� = !�� ��#�'�!�"�  ���'! &"�'$ �� ��$��� �� '� �(!� ��&� � '"�� S��! ; �"#�
���!��'  ���'!� &"�'$ ����'� �&���!��!� !" �-"�$ !��� S��! = ��$ �A�&!�-�'� $� �&! !�� ��#�'�!�"�
!"S� $ "!�� #" � . "# ����� "�!&"#�� ; Q" �"-� = �&���!��!� � � -� � ��!� ��!�$ �� �"#�
��!� #�$��!� . " &����� �� !�� ��#�'�!�"� !��! &"�'$ �'!� !�� /��'  ���'!� ; %" �O�#.'� : !��
�"! . ��� &'"�� � !�#� '��!� (" B� !" �C ��&"�$� = ��! �! &"�'$ � � &� �(�''� �O�# ���$ !" ���
�"S �! �A�&!� !�� &�� �&!� ��!�&� "( !�� /��' .���' � !�� ���'$R�. "( ��� . ���� � ����$� !��
#�! $� ��� !�� �"! &"#. ����"� . " &��� &�� � � �!�$��$ !" ��� �( �! �� . "���� '� !"  �$�&� !��
. ��� !�#� ��$ ��! �!�'' �&���-� �$�0��!� &� � "( !�� �$����-� ; F� ���#��!��� < F2��# S �!�
&"#.�!�!�"��' �!�� ��� &�.�� �'�!�= # ��� "( !���� 0���!�"�� &�� � � ��-��!���!�$ ��$ ."���� '�
���S� �$ ; +� ��" ! = &"#.�!�!�"��' �!�� ��� �� < F2��# �� � !""' (" #"$�' �O. '" �!�"� =
S��&� &"�'$  �$�&� &"#.�!�!�"��' !�# � = # �>�  ���� &� #" � �� &���! = ��$ ". �� -� �"�� ��S
".." !���!��� �� !�� (" ''"S ��� S��� ;
�B� 2"#.�!�!�"��' �!�� ��� . "-�$�� ��!� �&!�-� &"�! "' !��! &"�'$ ��-� &"��!'��� �"� �

"( S��!�$ &"#.�!�!�"� !�#� S��!��� (" /��' (��'�$ " ����!� ��!��� ��#�'�!�"�  ���'!�
S�"�� ��!� � # ���! ��-� � ��� �..� ��! ( "# !�� / �! (�S �!� �!�"�� ;

��



�D� F� ��"S ��� !�� ��!� #�$��!�  ���'!� = &���� ��$ �A�&!  �'�!�"����.� &"�'$ �� �- �$��! ;
3��! &"�'$ . "#.! !�� �&���!��! !" &"�$�&! -� �"�� �S��! �( � �&��� �"� = S��&� &"�'$
'��$ !" ��!� ��!��� $��&"-� ��� ;

��� �&���!��!� &�� &"�&��! �!� "� &� !��� ��!� ��!��� .� !���!�.� "( !�� ��#�'�!�"� ��$
�!�$� !��# �� � #" � &"�! "''�$���!� �&!�-� # ���� = ��$ ��� �"S !�"�� .� !� �A�&!
!�� &"#.�!�!�"� �� � S�"'� ;

�� � 5�#��� ��&���!��!�� � � ����� � ���� . '�&�$ �� !�� &��!� "( !�� &"#.�!�!�"� ; 3��� =
��#�� �O. � ! >�"S '�$�� &�� � � �A�&!�-�'� '�-� ���$ !" �!�� � '� �� &"#.�!�!�"� !"
� �"�' ;

��� 2"#.�!�!�"��' �!�� ��� �'�" ".��� $"" � (" ��!"#�!�$ ".!�# �T�!�"� = �( �&���!��!� &��
$�/�� !�� � "��$� � &"�$�!�"�� ��$ �"�'� . ". � '�;

� �� � ��� ���������
+� DCC� = ��� �! �' ; ��E� $��& �� �$ �"S !�� < F2��# ��-� �.. '�! ��!� (�&� �� "S �� 

. '��R�� !�&��"'"�� � &�� ��  �. '�&�$ �� *5* ��� -� �& �.!��� !�&��"'"�� � &"$� ; *5* �!��$�
(" 5�. � !�O! * �. " &���" = S ��&� �� �� ". �� �"� &� = �� -� R��$� = 53Q6 �#��$$�$ �& �.!���
'������� ���$ !" & ��!� $���# �& <�� .���� ; 1!�� ��# �'� �� -� �& �.!��� !�&��"'"����
� � ��* ���� � ��$ 8�* �Q�& "�"(!� ; ,."� ��� 533*  �0���! = !�� �� -�  ��� *5* �& �.!�
��$ ���$� . '��� 53Q6 &"$� ��&> !" !�� &'���! = S�� � �" . '��R�� �� ���$�$ ;

8 ��� '���&��� !�� < F2��# <�� .��� ( "# � � "S �� S ��$"S = S��&� &"�!���� � '��!
"( !�� ��#�'�!�"� #"$�'� !��! < F2��# ��.." !� ; ,�$� ��&� #"$�' = � ��� &�� ��!�� 
&�""�� !" ��!� � ��#�'�!�"� #"$�' �� &'�&> ��� �,�� 3��� Q"$�' �� ����!� "  ��$ #" �
��(" #�!�"� �� "�! !�� #"$�' �� &'�&> ��� ���!��'�$ ���& �.!�"�� ; ,."� ��!� ��� � .� !�&�'� 
��#�'�!�"� #"$�' = � ��� ��� !�� &�"�&� "( & ��!��� � ��S ��#�'�!�"� = " ��-��!���!��� !��
�!" �$ ��#�'�!�"�  ��� ; 3�� � � � �$$�!�"��' &�"�&�� �! !��  ���! !". &" �� "( !�� .��� !"
�''"S � ��� !" �" ��&> !" !�� �"#� "( !�� &�  ��! #"$�' = �S �!&� #"$�'� =  �( ��� � .��� =
����'� ( �# �� = ���# �! &"##��!� = ��$ '"�"�! � !�� � �� �'�" � 0���!�"� #� > �&"� !��! '��$�
!" ��'. ; 3���� �$$�!�"��' &�"�&�� � � �'S��� �! !�� !". ��$ !�� � "!!"# ��� &��� !�� <��
.��� �� !" " '"�� � "( !�� .��� !" ��'. � ��� ; 3�� � � � !S" >��$� "( �!" �$ ��#�'�!�"�
 ���� ��&"#.'�!� "��� ��$ &"#.'�!� "��� ; %" ��&"#.'�!� ��#�'�!�"�  ��� = � ��� &��
 ���#� ��$ /���� "A !�� ��#�'�!�"� ; %" &"#.'�!� ��#�'�!�"�  ��� = � ��� &�� - ��S !��
 ��� '! "( !��! ��#�'�!�"� = &����� !�� ��.�! -�'��� "( !�� ��#�'�!�"� !"  �� �! ����� = ��$
. � (" # �� �8$-��&�$ 1.!�"�� ; +� !�� �8$-��&�$ 1.!�"�� = � ��� �� �''"S�$ !" / '!� !��
��#�'�!�"�  ��� $��. '���$ ; F� ��'�&!��� ��!�� �3 �!'�� " ���!��  �$�" ��!!"�� = � ��� &��
��  "S !�� /'!� . " &��� !" ��!�� /�'$ ; 3��� � ��� &�� ��.�! �  ���'� �O. ����"� ���
,@+P � �. �!�'� � �� !�� !�O! /�'$ = ��$ . ��� !�� �%�'!� � ��!!"� !" �O�&�!� !�� / '!� . " &��� =
S��&� S �''  �'"�$ !��� <�� .��� S �!� !�� ��#�'�!�"�  ��� !��! #��! !�� / '!� & �!� �� ; 3��
�8$-��&�$ 1.!�"�� �'�" �''"S � � ��� !" �.. '� &"#.� ��"� (��&!�"�� �� ��'�&!��� �� �!�#

��



( "# !�� �2"#.� � 1.!�"�� $ ". $"S� '��! ; 9�&� #"$�' "( < F2��# ��� �!� "S� &"#.� ��"�
(��&!�"�� ; %" �O�#.'� = !�� 1�F #"$�' ��� !� �� = S��&� �''"S � ��� !" &"#.� � �)"�$
% �&!�"���2"�!�&! 8 ��� = ������!�� = ��$ �2"�� &���! "( )� ��!�"�� �#"�� !�� ��#�'�!�"�
 ��� ��'�&!�$ ; +( �)"�$ % �&!�"���2"�!�&! 8 ��� �� ��'�&!�$ ( "# !�� �2"#.� � 1.!�"��
$ ". $"S� '��! = � ��S .��� �� '"�$�$ S �!� #" � ".!�"�� !��! �''"S &"#.� ��"�� �#"��
��.�&��#�!� = �'�#���#�!� = �-"�$�#�!� = �'�#�����>�� = ��$ �&"�!�&! � ��� ; 8 ��� &��
�'�" �. �&�(� !�� ��!� -�' "( !�� 7 R�O �� �� " $� !" ��  "S !�� &"#.� ��"� ; 3" !��  ���! "( !����
�!" �$ ��#�'�!�"�  ��� = !�� � �� ��(" #�!�"� �� "�! #"$�' �. �&�/& �'� !� ��$ ���"��&�#��!�
��$ � ��� . "/ '� ;

% �� ; � ;B; 3�� 52 #"$�' ��� ��!� (�&� ;

+( � ��� $�&�$�� !" & ��!� � ��S ��#�'�!�"� = �� S �'' �&!��''� ��� !�� �. �&�/& #"$�'
��!� (�&� ; 3�� � � � �"#� &"##"� (��!� �� �#"�� �'' !�� #"$�' ��!� (�&�� ���� % �� ; � ;B� ;
,�$� !�� �< F2��#�'�!" � !�!'� = !�� � �� � �� ��� "( ��# �� ��$ �  "S � !" ��"S !�� &�  ��!
��-���!�"� �!��� ; +� !�� '�(! ( �#� = !�� � � � #��� '��>� &"  ��. "�$��� !�� ��&���� � �!�.�

��



!"  �� � .� !�&�'� ��#�'�!�"� #"$�' ; < ��� !���� '��>� � � &'�&>�$ = !�� &"  ��. "�$��� <��
.���� S �'' ��"S �. �� !��  ���! ( �#� ; 3�� / �! '��> �� �+�! "$�&!�"�� !��! �O.'���� !��
#"$�' � ���- �" �! �� ���! �&! '�-�' = ��$ �'�" ��-�� ���� �' $� �&!�"�� �� "�! �"S !" ���
!�� #"$�' ; 3�� ��O! '��> �� ���! @�#�� = S ��&� �''"S � � ��� !" $��& �� � !�� ��#�'�!�"� ;
%"''"S ��� ���! @�#�� = !�� � � � #"$�'R$�. ��$��! '��>� !" �''"S � ��� !" �. �&�(� ��&���� �
��#�'�!�"� .� �#�!� � �� !��  ���! ( �#� S �!� ��� ��#�� "( !�O! � "O�� = $ ". $"S� '��!� =
 �$�" ��!!"�� = " . '��� ��!!"�� ; 8! !�� � "!!"# "( '�(! ( �#� = !�� � � � '��>� !" �4��
��#�'�!�"�� = ���-� +�.�!�� = ���-� 4���'!�� ��$ ���'�!�� ; 3�� �4�� ��#�'�!�"�� '��> S �''
$ ��. '�� � <�� .��� !" &"�/ # ��$ ���$ !�� 533*  �0���! !" �O�&�!� !�� . ". � *5* &"$�
S �!� ��.�! -�'��� $�/��$ �� !�� ��!� (�&� ; 3��� S �'' &���� � ,@+P " *� ' �& �.! !"  ��
&"#.�'�$ %" ! �� &"$� = ��$ ��� �$$�!�"��' ".!�# �T�!�"� " - ����'�T�!�"� &"$�� ; 3�� ���-�
+�.�!�� '��> S �'' "�'� ��-� !�� ��.�! -�'��� �� !�� $�!����� �� �� ��&"#.'�!� ��#�'�!�"�
 �� = S��'� !�� ���-� 4���'!�� '��> S �'' ��-� � "!� ��.�!� ��$ "�!.�!� �� !�� $�!����� �� �
&"#.'�!� ��#�'�!�"�  �� ; 3�� ���'�!�� '��> S �'' $�'�!� !�� &�  ��! ��#�'�!�"�  �� ( "# !��
$�!����� ��$ ��� ���" &��!�$ / '�� ; 3�� �)��S 4���'!�� '��> S �'' �.. ��  ���! ��$� ���-�
+�.�!�� �( � ��#�'�!�"� �� �O�&�!�$ ; 3�� �) ��S 4���'!�� S �'' ��"S !�� ��#�'�!�"�  ���'!� ��
� "!� !�O!��' ��" #�''� !�� '�� "( ��#�� �� ��$ � �.��&�' �)4Q6 /'�� = � +% /'��� (" # � ;

3�� 52 #"$�' �%�� ; � ;B� ��!� (�&� $�A� � ( "# !�� "!�� #"$�' ��!� (�&�� �� $�- �$���
!�� ��#�'�!�"� .� �#�!� � ��!" ("� � "�.� �� !�� '�(! ( �#� #��� : �B� #"$�' ��.�!� = �D�
#"$�' .� �#�!� � ��O�&�!�"� �. �&�/&�!�"� � = ��� �!�� ��� = ��$ �� � #"$�' "�!.�!� ; 3�� / �!
� "�. &"�!���� '��>� (" �. �&�(� ��� !�� .� �#�!� �  �'�!�$ !" !�� �!�� ��� ��!�. = #�!� ��' =
�� �!��' &"�$�!�"� = � "��$� � &"�$�!�"� = �$����-� &� � = ��$ . ��� �&��$�'� ; 3�� ��&"�$ � "�.
$�/��� !�� 52 #"$�' �O�&�!�"� �� �. �&�(� ��� #�! ! ���." ! . ".� !��� = � "��$� � ! ���. " !
. ". � !��� = ��$ &"#. ����"� . ".� !��� ; 3�� !� � $ � "�. . "- �$�� ��!� # �$��!�  ��� '!� ��$
".!�"�� !" �!�� !�� ��#�'�!�"� $� ��� !��  �� ; 3�� '��! � "�. �. �&�/�� !�� "�!.�! = ��&�
�� &"'" " � '�&> ��$ S��!� = !�� !�#� ��!� -�' (" ���� �!��� ( �# �� (" ���#�!�"� = ��$
"!�� .� �#�!� � $�!� # ����� S��&� $�!���# ��� / '�� � � ���� �!�$ ; 3��� &��.!� (" &����
"� $�#"��! �!��� !�� &"#.�!�!�"��' �!�� ��� (��!� � -�� !�� 52 #"$�' = �� #" � �!�� ���
�. �&�/& (��!� �� S �'' � � �'�� " �!�$ �."� �� 2��.!� � ;� ��$ � ;� ; 3��  ��$� &��  �(� !"
��E� (" #" � ��!� (�&�  �'�!�$ $�!��'� �� "�! !�� "!�� #"$�'� ��&� �� !�� 4�� = 4%*= 1�F =
��$ 2Q8 #"$�'� ;

� �� � ��� 	�������

3�� &�  ��! �"(!S� � � &��!�&!� � "( < F2��# ("''"S � !�� !� ��R!�� #"$�' $��& �� �$
�� �"�' �! �' ; �� B� = �� S��&� !�� !�� � � � �B� !�� &'���! '��� � ��� ��!� (�&� = �D� !��
�� -� '��� � 8.�&�� <�� �� -� ��$ � *5* #"$�'� = ��$ ��� !�� $�-�'". � '��� � '���&�
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3�� &'���! '��� �� !�� "�'� '��� -���� '� !" ��$R��� � ��$ !�. �&�''� !�� "�'� '��� 

 ������ "� !�� '" &�' #�&���� ; 3�� #��� .� ! "( !�� &'���! '��� �� !�� ��� ��!� (�&� = S��&�
�� $��& �� �$ �� 2��.!� � ;� ;

3�� ��� ��!� (�&� �� ���� �!�$ ( "# *5* ��$ PQ6 ; 8 � $��& �� �$ �� '�� = ��&� #"$�'
��� � PQ6 $�!�����! = S��&� ���� � ��! "( &��!"# �T�$ !��� !" $��& �� � !�� #"$�' ; 4��$� �
&�� /�$ �"#� "( !���� !��� $��& �� �$ �� ��E� ;

8! !�� � �������� "( !�� *5* �& �.! = �!  ��$� !�� #"$�' �. �&�/& PQ6 $�!�����! ��$
���� � PQ6 .� �� !" .� �� !�� ��(" #�!�"� ��!" �� �  �� �! �&!� � ; 3��� $�A� ��! .� !�
"( !�� *5* �& �.! ��� !��� �  �� !" &"��! �&! ��!� (�&�� = ��! .� �#�!� $�(��'!� = �!" � ��� 
��.�!� = ��$ ����#�'� !�� ��.�!� ��!" � �! ��� �!�� &"  ��. "�$��� ��#�'�!�"� S �.. � S �''
(��$ !� �� �! ��� !" !�� %" ! �� ��#�'�!�"��� ; 3�� �(" � = �$$��� � .� �#�!� �� !�� PQ6
$�!�����! S �'' ��#.'� �$$ �� �'�#��! �� !�� $���# �& �  ��; 3��� = !�� *5* &"$�  �(�  ���
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��!�� ��� ��!�.� �� �$$�$ ��$� !�� ��.�! ��&!�"� �� !�� '�(! ( �#� #��� ���� % �� ; � ;B� ;
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�! #" � S �$�'� ���$ !��� �'' "!�� S�� �� -� � &"#����$ ;
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� � !�� ��� ! "( < F2��# ; +� ���� �' = < F2��# ��.." !� '���&� . "� �# � S �!!�� �� ���
. "� �## ��� '������� �� '"�� �� !�� . "� �# !�>�� �!� ��.�! .� �#�!� � ( "# ,@+P �!$�� ;
3�� ��.�! .� �#�!� � &�� � � � (�S ��#�� � " � '� �� $�!� / '� ; +� .� !�&�'� = < F2��#
��.." !� /-� %14348@ �� ��$ %" ! �� EC ��#�'�!�"� . "� �# � &"  ��. "�$��� !" !�� /-�
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< ��'� ��&� %" ! �� . "� �# ��� �!� "S� ��.�! (" #�! ��!$�� &"�'$ � �  �$� �&!�$ !" �
/'� � = !�� �� -� '��� &"##���&�!�� $�!� S �!� !�� $�-�'". � '��� -�� �! ���� "( .� �# �!� �
��.� �!�$ �� S��!� �.�&� ��.�&�� = !��� = ��S '����� ; +� " $� !" &". � S �!� !��� �! ��� (" #�! =
��&� '���&� . "� �# �� �S �.. �$� S �!� � &��!"# �T�$ *� ' �& �.! ; 3�� �& �.!  �&��-�� !���
�! ��� "( .� �#�!� � ( "# !�� *5* #"$�'� �! !�� �� -� = ��$ &"�-� !� !�"�� .� �#�!� � ��!"
�� �.. ". ��!� (" # �! (" !�� %" ! �� . "� �# ; 3��� !�� �& �.! &�''� !�� '���&� . "� �#
��!" �&!�"� = (��$��� �! !�� ��.�! = ��-">��� ���  �0�� �$ ".!�# �T�!�"� ��$ -����'�T�!�"� !""'� =
.�&>��� �'' %" ! �� "�!.�! �� 53Q6 /'�� = ��$  �!� � ��� 53Q6 /'�� = / �! !" !�� �� -� 
'��� = ��$ !��� !" !�� &'���! '��� ; < �!� !��� � &��!�&!� � = !�� $�-�'". � '��� �� ��$�.��$��!
"( !�� "!�� '��� � = S��&� # �>�� !�� . " &��� "( $�������� = ��$ ��!�� �!��� ��S ��#�'�!�"�
&"$��  �'�!�-�'� ����;

3�� &������ !" !�� $�-�'". � '���  �0�� �$ (" &"#.�!�!�"��' �!�� ��� � � $��& �� �$
�"S ; 3�� ��.�! .� �#�!� � "( !�� 52 %" ! �� &"$� � � ���#��!�$ S �!� �"#� ���!��' �!�� ���
��!�. .� �#�!� � $��& �� �$ �� 2��.!� � ;� ;B; 3��� = � ���� �& �!�� ��� #"$�'� �� ���� !�$
�� !�� 52 %" ! �� &"$� ; 3��� �!�� ��� #"$�'� ���� !S" ���!�$ '" ".� ; < ��'� !�� "�!� 
'" ".  ��� �. !" !�� ��#�� "( �!�� ��� ��!� -��!�"�� �&�''�$ ��!� �!�"��� �� !�� �!�� ���
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��!� -��!�"� ��!� �!�"� � ; 3�� ���� '" ". &��&>� (" !�� �!�� ��� ��.�! . � �!�.S ��� S��!
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S �'' &"�!���� �� ����' �(!� !�� #�O �#�# S��! !�#� �O.� �� ; +( !�� �!�� ��� ��.�! ��"S �
�" &����� ( "# S��! !�� %" ! �� . "� �# &�  ��!'� ��� = !�� %" ! �� . "� �# S �'' �!".
S��!��� ��$ &"�!���� �� ����' ; +( !�� ��S �!�� ��� ��.�!� � � $ �A� ��! = !�� %" ! �� . "� �#
S �'' �O �! !" �!� ! � ��S ��#�'�!�"� S �!� !�� ��S �!�� ��� ��.�!� ��� ��" !� ��!� !� = "  ���!
!�� �!�� ��� .� �#�!� � ��$ &"�!���� !�� �O ��!��� ��#�'�!�"�  �� ��" #�' �!�� ��� � ; ���&�
�!�!� -� ��� '�� #�� $�. ��$ �� � &"#.'�&�!�$ S�� "� !�� �!�� ��� .� �# �!� � = �! &�� � �
���� '� �"�! �- ��' !" #"$�(� � '���&� �&���!�/& &"$� !" ����'� �!�� ��� �� ;� ;= !" #�>� !��
�!�!� &"����!��! S �!� !�� ��S �!�� ��� .� �#�!� �� ; 3��� S��!�� � '���&� &"$� �� ����'�
�!�� �� '� $�. ��$� "� !�� .����&� ��$ !�� &"$� " ����T�!�"� ; 8 ��S *� ' �!�� S �.. � ��
�'�" �$$�$ !" !�>� !�� �!�� ��� ��.�!� ( "# !�� <�� ��!� (�&� = ���� �!� � �!�� ��� ��.�! / '�
(" !�� %" ! �� . "� �# = ��$ . '"! !�� ��!� #�$��!�  ���'!� ;

��� �! �' ; �EC� $��& �� �$ �"#� �$$�!�"��' ". � �!�"�� �� !�"�� S �..� � !" ��.." !
!�� �O. � �#��! #�����#��! &"#."���! ; 3���� "!�� S �.. � � � � ���" &��!�$ S �!� !��
��-� =  �! ��-� = ��$ &"#.� � (��&!�"�� ( "# !�� ��� ��!� (�&� �! !�� &'���! '��� ; 6 �>� !��
��#�'�!�"� S  �.. � = !���� S  �.. � �  �&��-� $�!� ( "# !�� �� -� '��� = ��$ &"�-� ! !�"��
��.�! -�'��� ��!" �� �.. ". ��!� (" #�! (" !�� $�!����� ;

1!�� !��� S �.. � � = !�� $�-�'". � '��� �'�" ��&'�$�� ".!�# �T�!�"� ��$ -����'�T�!�"�
!""'� !" #�O �# �T� !�� ��#�'�!�"� �� -�'�� !" !�� ��� �E B� ;
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� �� ������	��
���& �� ��� � !�.�&�' ����� �&��� �" "( &"#.�!�!�"��' �!�� ��� �� < F2��# �� ���! �&!�-� ;

2"���$�  ���� &� ��!" !�� !�#� "( . ��� &'"�� � �� !�� �"! &"#. ����"� . " &��� ; 3�� !�#�
"( . ��� &'"�� � �� � #��!� �; +! "� '� '��!� (" B� !" �C ��&"�$� = ��! #�&� "( !�� /��' .���'
&�� �&!� ��!�&� � � � �'��-�$ !" � � $�!� # ���$ $� ��� !��� !�# � ; 5��! ��$ #��� ! ���(� � �
$�. ��$��! "� !�� . ��� &'"����  �!� � !�� $�-�'".#��! "( !�� $����!� . "/ '� �� !�� � R$ � �&!�"�
��'"�� !�� �#�''��! $ �#����"� "( !�� '�# ���!� � � ����� $� ��� !� �� !�# � ; 5"S (��! ��"�'$
!�� . ��� � � &'"��$� ��"�'$ �! � � &'"��$ �! � &"��!��!  �!� " �&&" $ ��� !" �"#� >��$ "(
�"�'���� &'"���� �&��$�'�� *� ��.� � �!�.S ��� &'"�� � �.��&�S ��� &"��!��!  �!� (��&!�"� �

S"�'$ � � ���(�'� 3�� � ��� � ��� � '"! "( �O. � �#��!�' S" > !" $�!� # ��� !�� ������&� "(
. ��� &'"�� �  �!� "� .���' . ". � !��� ; 3�� . "� '�# �� �'S��� !" $�!� # ��� S��� !�� >��
�-��!� " &&� ; +��!��$ "( .����&�''� !��!��� � .���' �(!� �! ��� &"#.'�!�$ !�� ��!� � . ���
&�&'� = � �&���!��! &�� ��� !�� < F2��# &"#.�!�!�"��' �!�� ��� (��!� � !" �!�$� !��� ����� ;

3�� �&���!��! ". ��� � � "S �� S ��$"S ��$ '���&��� !�� < F2��# <�� .��� = S��&�
�� $���# �&�''� ���� �!�$ ( "# *5* ��$ PQ6 ; 3�� ����! �&&"��! �� !�� $�(��'! '"���
".!�"� = S��&� �!" �� �'' !�� ��.�! ��$ "�!.�! $�!� �� � !�#." � � $� �&!" � !��! �� .� ��$
. � �" $�&�''�; 3�� �&���!��! ��'�&!� !�� 52 #"$�' ( "# � '��! "( �'' !�� �-��'�� '� #"$�'� ��
&'�&>��� �,�� 3��� Q"$�' �� ����!� ; 3�� �&���!��! !��� '���&��� !�� 52 #"$�' ��!� (�&�
�%�� ; � ;B� �� &'�&>��� �@�S 5"! 2"#. ����"�� ;

5 � � !�� �&���!��! ���$� !" �. �&�(� !�� -� �"�� ��.�! .� �#�!� � (" �!�� ��� ��!�. =
#�!� ��' = �� �!��' &"�$�!�"� = � "��$� � &"�$�!�"� = �$����-� &� � = ��$ . ��� �&��$�'� ; % �� ; � ;B
��"S � !�� . ��� �&��$�'� #��� �'"�� S �!� � $��� �# !" �''��! �!� -� �"�� $�/��!�"�� "( . ���
. "��!�"� -� ; . ��� !�#� ; 3�� ���!��' . ��� &'"�� � !�#� �*23 � &�� � � �. �&�/�$ !�� � ; 3��
�&���!��! &�� �'�" $�/�� -� �"�� #"$�' .� �#�!� � (" # �! ! ���. " ! . ".� !��� = � "��$� �
! ���." ! . ". � !��� = ��$ &"#. ����"� . ". � !��� ; 3�� �!�� ��� .� �#�!� � S"� �! � � �-��'�� '�
��!�' !�� ��#�'�!�"� �� �!� !�$ ; % ���''�= !�� �&���!��! &�� �. �&�(� !�� "�!.�! �!�'�� = ��&� ��
&"'" " � '�&> ��$ S��!� = !�� !�#� ��!� -�' (" ���� �!��� ( �#�� (" ���#�!�"� = ��$ "!�� 
.� �# �!� � $�!� # �� ��� S��&� $�!���# ��� / '�� � � ���� �!�$ ;

@�O! = �. "� &'�&>��� !�� '��> �4�� ��#�'�!�"�� = !�� ��.�! .� �#�!� � �F""'��� = ��#� �& =
" �'.����#� �&� � � &"''�&!�$ �� !�� *5* &"$� �! !�� �� -� �� � '"�� �! ��� �.� �#�!� � � �
��.� �!�$ �� S��!� �.�&� � ; 3��� = !�� *5* #"$�'� &�''� !�� 52 #"$�' S �.. � ; ���&� !��
52 %" ! �� &"$� ��� �!� "S� !�O!R����$ ��� ��!� (�&� !�> ��� ��.�! ( "# �!$�� = � !�#." � �
/'� �� ���� �!�$ !" &"�!��� �'' "( !�� �.. ". ��!� &"##��$� ; �!$ �� �� !���  �$� �&!�$ !"
!��� !�#." � � $�!� / '� (" !�� ��#�'�!�"� ; 3�� 52 #"$�' S �.. � !��� &�''� !�� 52
%" ! �� &"$� S �!� !��� !�#." � � /'� �� �!$�� �'"�� S �!� !�� . ". � '� (" #�!!�$ $�!� / '� ;
< ��� !�� ��#�'�!�"� &"$� �� �O�&�!��� = !�� 52 #"$�' S �.. � #"��!" � !�� ��#�'�!�"�
"�!.�! �! ��# (" �! ���� ��$�&�!��� �O�&�!�"� # �'��!"��� ; 3�� 52 #"$�' S �..� ���� !��
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%�� ; � ;� ; 3�� 52 #"$�' �!�� ��� ��!� (�&� ;

�!��$� $ �  " �! ��# (" �!" ��� !���� # ������� ��!" � '"� / '� = S��&� � ��� &�� �&&���
( "# !�� '"� S ��$"S �%�� ; � ;�� ;

< ��� !�� ��#�'�!�"�  ��&��� !�� . ��� &'"�� � !�#� = !�� '"� S ��$"S S �'' &"#� !" !��
( "�! ��$ !�>� !�� (" &�� "( !�� #"��� ; 3��� . "#.!� !�� �&���!��! !��! �! �� !�# � (" �!�� ��� ;
3�� �&���!��! &�� !��� &'�&> !�� ��!�� ��� *� �#�!� �� '��> = S��&� ! ���� � � �!�� ��� S �.. � 
!" !�>� !�� ��!� #�$��!�  ��� '! "( !�� ��#�'�!�"� ��$ ��� Q�!��# �!�&� !" . '"! $����!� ��
!�� � R$ � �&!�"� ��$ �$����-� �A�&! �� !�� � R$ � �&!�"� ���� % �� ; � ;� � ; 3�� �&���!��! &�� ��!� 
� ��S . ��� &'"�� � !�#� ��$ &'�&> !�� ��!�� � ��!!"� ; 3��� S �'' !� # ���!� !�� �O ��!���
��#�'�!�"� ��$ �!� ! � ��S ��#�'�!�"� S �!� !�� ��S *23 ; < ��� !�� ��S ��#�'�!�"�  ��&���
!��� ��S *23 = !�� �&���!��! &�� ����� ��!� !�� �!�� ��� #��� = S��&� S �'' . '"! !�� . �- �"��
 �� �'"�� S �!� !�� ��S ��#�'�!�"�  �� !" &"#.� � !�� �A�&! "( !�� !S" $�A� ��! *23� ;
% �� ; � ;� ��"S � � $����!� . '"! "( !� �� �!� �!�"�� S �!� *23 B� = D� = ��$ �C ; +( !�� �&���!��! ��
&"�!��! S �!� !�� &�  ��! *23 = �� &�� &'�&> !�� ��!�� � ��!!"� S �!�"�! ��!� ��� ���!� ��� �
!�� �!�� ��� S  �.. � S �'' $�!�&! !��! !�� � �� �" &����� = ��! "�! "( !�� S��!��� '"". ��$
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&"�!���� !�� ��#�'�!�"� �� ����' ; 3��� �� ���! "�� . "���� '� �!�� ��� �&��� �" ��-"'- ��� !��
. ��� �&��$�'� ;

< ��� !�� ��#�'�!�"� �� &"#.'�!� ��$ �'' !�� "�!.�! $�!� / '�� � �  ��$�= !�� 52 #"$�'
S �..� &�''� Q �!��#�!�&� !"  ��$ !�"�� $�!� / '�� ��$ ���� �!� . '"!� S �!� -� �"�� Q�!��R
#�!�&� &"##��$� ��&� �� 6 ��!2"�!"� * '"! = 6 ��!* '"!�� = Q�'!�. '�6 ��!* '"! = ��$ �  �.��&��� ;
Q�!��#�!�&� �'�" &"�-� !� !���� ��!� ��' � �.��&� $�!� �! �&!� �� ��!" � +% (" #�! �" !��!
!��� &�� � � -��S�$ �� � � "S �� ; % ���''�= !�� 52 #"$�' S �..� �#��$� !���� � +% /'�� ��
53Q6 /'�� ��$  �!� �� !���� 53Q6 /'�� !" !�� *5* #"$�'� ; 3���� 53Q6 /'�� � � .����$
��&> !" !�� &'���! = S �� � � ��� &�� &'�&> �)��S 4���'!�� !" �&&��� !��# ; % �� ; � ;� ��"S �
!�� /��' ��#�'�!�"�  ���'!� = S��&� � � !�� �� . "/'�� "( !�#.� �!� � = #"��!� � &"�!��! =
�$����-� &� � ��$�O = ��$ !"!�' . ���� � = �� ���#�!�"�� ;

% �� ; � ;� ; 3�� 52 #"$�' /��' ��#�'�!�"�  ��� '!� : �� . "/'�� "( !�#.� �!� � =
# "��!� � &"�!��! = �$����-� &� � ��$�O = ��$ !"!�' . ���� � = �� ���#�!�"�� ;

� �� ��
�����	��� � �����	�� �������	��	�� 	� ������ �
+� ��##� �= !�� ��! "( &������ ��$ &"#."���!�  �0�� �$ !" . "-�$� � &"#.�!�!�"��'

�!�� ��� &�.���'�!� �� < F2��# � � : �B� $����� ��$ �$$ � -� � ��#.'� �!�� ��� #"$�'� �! !��
'���&� ��#�'�!�"� &"$� '�-�' = �D� . "- �$� � S�� !" #"��!" ��#�'�!�"� �O�&�!�"� ��'� ! ��� �
S��� �! �� !�# � !" �!�� � = ��� �$$ �� ��!� (�&� !" �&&��� ��$ -����'�T� ��#�'�!�"�  ���'!� = ��$
. � ��.� !" &"#.� � ��!� #�$��!�  ���'!� �& "�� #�'!�. '� �!�� ��� �!!�#.!� ;
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+� !��" �= !�� �!�� ��� #"$�'� &�� �� S �!!�� �� ��� . "� �## ��� '������� &"  �R
�. "�$��� !" !�� '���&� ��#�'�!�"� &"$� �%" ! �� EC (" < F2��# � ; 3��� �!�� ��� #"$�'� &��
!�>� � '��! "( !�� �!�� ��� ��!�. .� �#�!� � �� ��.�!� ���#�� "( �!� �!�"�� = # �O�#�# S��!
!�#� = �!�. S��! !�#� � ; 3�� !S" ���!�$ '" ". '"��& �� ��#.'� �� &"�&�.! ; < ��'� !�� "�!� '" ".
 ��� �. !" !�� ��#�� "( �!� �!�"�� = !�� ���� '" ". S��!� �. !" !�� #�O �#�# S��! !�#� . � 
�!� �!�"� ; 3�� ���� '" ". &��&>� �( !�� �!�� ��� ��.�! �� . ����! . � �!�.S ��� S��! !�#� ; +(
!�� � �� �" �!�� ��� ��.�! �(!� !�� #�O �#�# S��! !�#� �O.� �� = " !�� �!�� ��� ��.�! ��"S �
�" &����� = !�� #"$�'� S �'' �O �! !�� ���� '" ". ��$ . " &��$ !" !�� ��O! �!� �!�"� ; +( !�� ��S
�!�� ��� ��.�!� � � $ �A� ��! = !�� #"$�'� ��"�'$ . � (" # !�� �!�� ��� �� ��!�� �O �!��� !"
�!� ! � ��S ��#�'�!�"� S �!� !�� ��S �!�� ��� ��.�!� ��� ��" !� ��!� !� = "  ���! !�� �!�� ���
.� �# �!� � ��$ &"�!���� !�� �O ��!��� ��#�'�!�"�  �� ��" #�' �!�� ��� � ; 3�� &�"�&� "( !����
!S" �O�&�!�"� .�!�� �� &"#.'�!�'� $�. ��$��! "� !�� .����&� �(��$�#��!�' �&���&� � ��$ !��
" ����T�!�"� "( !�� '���&� ��#�'�!�"� &"$� ; %" �O�#.'� = !�� '���&� ��#�'�!�"� &"$� &"�'$
��-� #��� �  ��� $�&'� �$ !� "���"�! -� �"�� .� !� "( !�� &"$� S �!� $���# �& $�#����"�� ;
3���� $�#����"�� &"�'$ � � &�'&�'�!�$ "� !�� �� ����$ "� -� �"�� &"�$�!�"�� ; +( !�� �!�� ���
.� �# �!� � �A�&! !�� $�#����"�� "( !���� �  ��� = �! # �� �"! � � ���� !" $��''" &�!� ��$
 ��''" &�!� !���� �  ��� = ���&� &� !��� .� !� "( !�� &"$� #�� ���$ !" � � �O�&�!�$ ����� !"
&�'&�'�!� !���� $ �#����"�� ; 3�� �(" � = ���!��$ "( #�>��� #����-� &������ !" !�� '���&� &"$�
!" ��.." ! �!�� ��� = � �!�� ��� #"$�'� &�� ��#.'� �''"S � ��#�'�!�"� !" �O �! ��$  ��!� ! ;

Q" � �#." !��!'�= �$$��� �!�� ���  �0�� �� �����/&��! &"''�� " �!�"� ��!S��� !�� *�9
. "� �# $�-�'". � ��$ !�� $"#��� �&���!��!� ; 3��! �� � �&���� "�'� !�� $"#��� �&���!��!� (�''�
��$� �!��$ !�� .����&� �(��$�#��!�' �&���&� � ��$ " ����T�!�"� "( !�� '���&� ��#�'�!�"�
&"$� ; 3�� $"#��� �&���!��!� ��-� !" $�&�$� S��! .� �#�!� � !��� S"�'$ '�>� !" �!�� =
S��! ��!� #�$��!� "�!.�!� ��$ (" #�! !��� S"�'$ '�>� !" ��� = ��$ �"S !" - ����'�T� ��&�
��!� #�$��!� "�!.�!� ; 3�� $"#��� �&���!��!� #�� ���$ !" . ��. "��! �O�&!'� S�� � !�� �!�� ���
#"$�'� ���$� !" � � &�''�$ �� !�� ��#�'�!�"� &"$� ��$ S�� � !�� ��#�'�!�"� ���$� !"  ���#�
�(!� !�� �!�� ��� ;

+! �� -� � & �!�&�' !" . "- �$� � S�� !" #"��!" !�� ��#�'�!�"� �O�&�!�"� = ��. �&��''� �
!�#� &"���# ��� ��#�'�!�"� ; +� �$$�!�"� = � ��� ���$� !" � � ��(" #�$ " �'� !�$ S��� !��
�!�� ��� !�#� �  �-�� ; ��. ��$��� "� !��  �� !�# � "( !�� ��#�'�!�"� = � ��� #�� �"! #"��!" 
!�� . "� ��� "( !�� ��#�'�!�"� !�� ��!� � !�#� ; 3�� ��� #�� S" > "� "!�� !����� "� !��
&"#.�!� " �"! �-�� �! ��� $��> ; %" !�� < F2��# 52 #"$�' = � !�. �&�' ��#�'�!�"�  ��
'��!� ( "# �� # ���!�� !" "-� �� �"� ; 3��� = !�� '"� S ��$"S �� ��� &���! �� !��� '"� S ��$"S
S"�'$ &"#� !" !�� ( "�! ��$ !�>� !�� (" &�� S��� !�� �!�� ��� !�#� �  �-�� ; 3�� #�&����&�
"( !�� '"� S ��$"S �� $��& �� �$ �� 2��.!� � ;� ;B; 3�� '"� S ��$"S ��#.'� &��&>� �( !�� �
�� ��� "�!.�! ( "# !�� �!�� ��� #"$�'� = ��$ !��� .".� !" !�� ( "�! �! !�� �!�� ��� !�#� ;
%" '"��� ��#�'�!�"�� ���� "-� � ���! ��#�'�!�"��� = "!�� # ���� ��"�'$ � � &"���$� �$ ��&�
�� �#��' �"!�/&�!�"� = " � . �$�/��$ ��! "( !�� �!�� ��� ��.�!� �$�A� ��! ( "# �  ���'� 
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��#�'�!�"�  �� = ���&� !�� '���&� &"$� # �� �"! ��-� ��.." !�$ ��!� #�$��!� ��.�!�� ; 3��
��#�� "( �!� �!�"�� = # �O�#�# S��! !�# � = ��$ �!�.S ��� S��! !�#� ���$ !" � � &�'�� �!�$
�&&" $���'� ����$ "� !�� �&!��' �&��� �"� ;

8 ��� ���$� �� ��!� (�&� !" �&&��� !�� ��!� # �$��!�  ���'!� ( "# !�� �!�� ��� ��$ �!�� 
!�� ��#�'�!�"� �( �� &�""��� !" ; 3�� ��!� #�$��!�  ��� '!� &�� � � !��  �S $�!� �$�!� / '���
" - ����'�T�!�"�� ��� D� " �� � " � "!� ; 3����  ��� '!� ��"�'$ . "-�$� #������(�' &'���
(" !�� ��� !" $�!� # ��� !�� &"� �� "( !�� ��#�'�!�"� ; +! �� -� � ���(�' !" � � ��'� !"
&"#.� � !�� ��!� #�$��!�  ���'!� ( "# ��-� �' �!�� ��� �!!�#.!� ��!� �!�"��� ; F� �O�# �����
!����  ��� '!� = !�� ��� &�� �..'� ��� �O.� ! >�"S '�$�� !" �!�� !�� ��#�'�!�"� !" �O. '" �
�S��! �( � �&��� �"� ��$ ."!��!��''� $��. �� ��� ��$� �!��$��� "( . ��&�. '�� ��$� '� ��� !��
.���"#��"� ; 8 � �A�&!� $�� !" &������ �� .� �#�!� � � �&"#� #" � ���!��!���"�� = !��
&����R�A�&!  �'�!�"����.� &"�'$ � �&"#� #" � �-�$��! ; 2��.!� � ;� $��& �� �� !�� ��!� (�&�
(" !�� < F2��# 52 #"$�' = S ��&� . "-�$�� '��>� !" !�� �&!��' $�!� / '�� (" !�� ��!� # �$��!�
 ��� '!� = . '"!� &"#.� ��� #�'!�. '� �!�� ��� �!� �!�"�� = ��$ ��#. '� !�O! /�'$� !" �''"S !�� ��� !"
�. �&�(� ��S -�'��� (" !�� �!�� �� '� .� �#�!� � ; ��. ��$��� "� ��� ���$� ��$ !�� &"#.�!���
��-� "�#��! = # ��� & ��!�-� �!�� ��� ��!� (�&�� &�� � � $������$ ��$ �#.'�#��!�$ ;

1�-�"��'�= � &� !��� �#"��! "( S" > ���$� !" � � $"�� !" ����'� &"#.�!�!�"��' �!�� ���
��$ �$$ �$$�!�"��' �!�� ��� . "��!� ; 8 '�" = !�� � �� �O�&�!�"� "-� ���$ = �� !�� ��#�'�!�"�
S �''  �� '"��� $�. ��$��� "� !�� ��#�� "( �!�� ��� �!� �!�"�� = ��$ !�� S��! !�#� . � 
�!� �!�"� ; 5"S�-� = S �!� !�� �� �'�!� !" &����� $� �&!�"� �� !�� # �$$'� "( !�� ��#�'�!�"� =
&"#.�!�!�"��' �!�� ��� &�� �A�&!�-�'�  �$�&� "-� �'' &"#.�!�!�"��' !�# � ��  �$�&��� !��
��#�� "( �"�. "$�&!�-� ��#�'�!�"�  ��� = !�� ��� #�>���  ���� &� #" � �� &���! = ��$
."���� '� '��$ !" ��S . "$�&! $������ ( "# ��& ����$ ��$� �!��$��� "( !�� .����&�' .���"#���
� ���� #"$�'�$ ; +� ���� �' = &"#.�!�!�"��' �!�� ��� ��� !�� . "!��!��' !"  �-"'�!�"� �T� &"#.�!� 
��#�'�!�"� �O. � �# ��!� �� �''"S ��� �&���!��!� !" ��!� �&!�-�'� �!�� � ��#�'�!�"� �� !�#� ��$�" 
�.�&� = ��$ &"�&��! �!� #" � "� !�� �&���&� !��� "� ".� �!��� !�� &"#.�!� ; 2"#.�!�!�"��'
�!�� ��� ��. � ��$�� !�� ! �$�!�"��' ��#�'�!�"� #"$� "( #��� '"��  ������ �O. � �#��!� = S��&�
#�� �"! . "$�&� !�� $��� �$  ���'!� � ���!��$ = �! �''"S � !�� �&���!��! !" � � . '�&�$ �! !��
&��!� "( � &"#.�!�!�"� ��$  ��. "�$ !" ��#�'�!�"�  ���'!� �� !��� " &&� �� ��!� �&!�-�'�
#���.�'�!��� !�� ��.�! .� �# �!� � ;

� �	 ������ ���� ��� ���� ��� 	���
< ��'� < F2��# &�� �� $�-�'". �$ "� ��-� �' $�A� ��! ( "�!� : �O. � �#��! # �����#��!

�9Q � = &" ''�� " �!�"� ��.." ! = ���� . � (" #��&� &"#.�!��� = ��$ PQ6 ��!�� �!�"� �E B� ��E� =
!�� $�-�'".#��! ! �&> (" &"#.�!�!�"��' �!�� ��� ��!��$� !" �! ��# '��� !�� . " &��� "( �$$���
� �!�� ��� . "��! = �$$ ��.." ! (" #�'!�. '� �!�� ��� . "��!� = ��$ �$$ $�!����� ��.." ! ;
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� �	 �� �����
 �	�� ��� � �� ���� � � ���	�� � �����	�� ��	��
2�  ��!'�= �$$��� � �!�� ��� . "��!  �0�� �� &"���$� �� '� S" > ��$ ��!� �&!�"� � �!S���

� S""$ �&���!��! ��$ � . "� �# $�-�'". � ; 3�� S""$ �&���!��! ���$� !" �$��!�(� S��!
.� �# �!� � S �!��� � #"$�' ��#�'�!�"� �� S"�'$ '�>� !" �!�� = S ��� !�� �!�� ��� S"�'$ " &&� =
S��! ��!� #�$��!�  ���'!� �� S"�'$ '�>� !" ��� = �� S��! (" #�! = ��$ S��! !�� ��#�'�!�"�
� ���- �" S"�'$ � � �(!� �!�� ��� � ��!� ! " &"�!���� S �!� !�� ��S �!�� �$ .� �#�!� �� ;
3��� !�� . "� �# $�-�'". � S"�'$ ���� ! ��&� � �!�� ��� #"$�'� ��!" !�� ��#�'�!�"� &"$�
�! !�� $�-�'".#��! '�-�' = ��$ #�>� !�� ��&���� � ��!� (�&� &������ �! !�� ��!� (�&� '�-�' ;
8 ��!!� �.. "�&� S"�'$ �� �!��$� $�T��� !�� �!�� ��� #"$�'� �" !��! � S""$ �&���!��!
&"�'$ ����'� &�'' ��&� � �!�� ��� #"$�'� ���S�� � S �!��� !�� ��#�'�!�"� &"$� = ��$ #�>�
!�� ��#�'�!�"� &"$� &������ ��# ��'( ; 3��� = � S""$ �&���!��! &"� '$ ��#.'� �'!� !�� #"$�'
�. �&�/& PQ6 ����! !" &����� !�� ��!� (�&� !" ��&'�$� � ��S �!�� ��� . "��! ;

� �	 �� ��� 
� ��	� �� �����	�� �� 	���
3�� � &"�'$ �� #�'!�. '� �!�� ��� . "��!� (" � ��-�� ��#�'�!�"� ; %" �O�#.'� = (" !��

�"! &"#. ����"� #"$�' = � S""$ �&���!��! &"�'$ � � ��!� ��!�$ �"! "�'� �� !�� . ��� &'"�� �
!�#� = ��! �'�" �� !�� ��� . ���� � ; 3�� ���'$R�. "( ��� . ���� � ����$� !�� #�! $� ��� !��
�"! &"#. ����"� . " &��� #��! � � &� �(�''� #"��!" �$ !" ��'��&� !�� &"�� �&!��� �"�'� "(
# �� �#�# !�#� �� !�� . ��� ��$ �$�0��!� &� � "( !�� �$����-� ; Q"�! "( !�� ��� . ���� �
�� $�� !" �!��# ; 3�� �!��# �� ���(�' �� '� �� !�� . ��� &�&'� � �&���� �! �����!� S �!� ���!
! ���(� !" !�� &" � "( !�� #�! ; 5"S�-� = !�� ��� . ���� � #��! � �  �$�&�$ � �(" � !��
. ��� �� ". ���$ = "!�� S ��� !��  �. �$ �O.����"� S �'' &���� �  �.!� � "( !�� .���' ; +! S"�'$
� � ��(" #�!�-� !" ��� �"S !�� . ��� &'"�� � !�#� �A�&!� !�� ��� . ���� � �� ����� !S"
�!�� ��� . "��!� ; 3���  �0�� �� !�� �� �'�!� !" �''"S !S" �!�� ��� . "��!� !" ��!� �&! S �!� ��&�
"!�� ��&� �� #"-��� !�� �O�&�!�"� "( � ��#�'�!�"� ( "# "�� �� '� �!�� ��� . "��! !" � '�!� 
�!�� ��� . "��! = "  ��!� !��� ( "# �� �� '�� �!�� ��� . "��! � �!�� !���  ��!� !��� !�� ��!� �
��#�'�!�"� � ;

� �	 �� ��� � ������� ������� ��� ��
�����	��� � �����	��
3�� �O ��!��� �O.� �#��! #�����#��! ���!�# &�� �!" � ��!�� ��&"#.'�!� ��#�'�!�"�

��.�!� " � &"#.'�!� ��#�'�!�"�  �� ��"!� ��.�!� ��$ "�!.�!�� ; +! S"�'$ � � ���(� ' !" . "- �$�
!�� �� �'�!� !" �!" � ��!� #�$��!�  ���'!� (" &"#.�!�!�"� �!�� ��� ; < �!� !��� &�.���'�!�= �
S""$ �&���!��! &"�'$ �-�� &"#.� � "�� �!�� ���  �� �&"����!��� "( #�'!�. '� ��#�'�!�"�  ����
!" ��"!�� �!�� ���  �� �&"����!��� "( "!�� #�'!�. '� ��#�'�!�"�  ���� ; 8�"!�� ��� # ���!
�'�" � � ��!� ��!�$ �� - ��S ��� " #"$�(� ��� �� �O ��!��� �!�� ���  �� ;

� �	 �� ���� ��� 	���
< F2��# ��� �-"'-�$ �!��$�'� ( "# � . "!"!�. � *�9 ��!��$�$ �� � !""' (" &"#.�!� 

�&���&� *�9  ���� &� ��$ � <��R����$ ��!� (�&� (" � (�S '���&� &"#.�!� . "� �# � = !" �
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#���(�&!� �R" ���!�$ ��� &"##� &��' 0��'�!� *�9 !��! �� �� �"��'� ���$ �� S""$ �&���&�
 ���� &�� � �� ��$��! � ��$ �&�$�# �� ; ���&� ��!� ��!��� &"#.�!�!�"��' &�.���'�!��� � � �!�''
'�&>��� �E B� = < F2��# S �''  �# ��� �� "�� �&! "( &"#.�!� �&���&�  ���� &� (" �"#� !�#� !"
&"#� ;

7�! !�� . "� �# �� ��!� (�&�� = # "$�'� = ��$ "�!.�! - ����'�T�!�"�� � � �"S �""$ ��"��� !"
� � ���$ �� . "$�&!�"� !""'� �� S""$ �&���!��!� ; 3�� $� �&!�"�� �� S��&� &"#.�!� �&���!��!�
S"�'$ '�>� !" !�>� < F2��# �&"''�� " �!�"� = $�!� # ����� = � �$ &"#.�!��� � � � 0��!� $�A� ��!
( "# !�� $� �&!�"�� !��! S""$ �&���!��!� S"�'$ . �(� (" < F2��# ���S #"$�'� =  �/����
�O ��!��� #"$�'� = #" � ��!� (�&� ��$ -����'�T�!�"� ".!�"��� ; 3�� . ����! '��� �$ � &��!�&!� �
"( < F2��# ��.." !� !���� $ �-� ���! $�-�'".#��! $� �&!�"�� S�'' ;

< �!� !�� �$$�!�"� "( � &"#.�!�!�"��' �!�� ��� &�.���'�!�= < F2��# �''"S � � S""$
�&���!��! !" ��!� �&!�-�'� �O. '" � � . "� '�# ������� ������! ��!" !�� .����&�' # �&�����# �
� ���� #"$�'�$ = �A�&!�-�'�  �$�&� &"#.�!�!�"��' !�# � = #�>�  ���� &� #" � �� &���! = ��$
� �!!� .� ��� ��S . "$�&! $����� ; +! �''"S � !�� �&���!��! !" � � . '�&�$ �! !�� ��� ! "(
� &"#.�!�!�"� = ��$ �.. '� ��� �O. � ! >�"S '�$�� !"  ��. "�$ !" ��#�'�!�"�  ��� '!� �� !���
" &&� �� ��!� �&!�-�'� # ���.�'�!��� !�� #"$�' .� �#�!� � ; Q" �"-� = !�� �O. � ���&� S �!�
< F2��# ������!� !��! &"#.�!�!�"��' �!�� ��� &�� �� �&���-�$ �� ��� *�9 " ��� "!�� 
&"#.�!��� ��-� "�#��! �#��$$�$ S �!� '���&� ��#�'�!�"� &"$� ;

3�� " �� ���' �!�!�$ �"�' �� B� "( < F2��# S�� !" . "- �$� ��� ��!�� �!�$ ��! "( (�&�'�!���
�''"S ��� S""$ �&���!��!� !" &"�&��! �!� "� ����R'�-�' . "� '�# �"'- ���  �!�� !��� "� '"S R'�-�'
. "� �## ��� $�!��'� ��$ �.. '�&�!�"� �&��$�'�����O�&�!�"� = �''"S ��� ��� � !" $�/�� =  �&" $ =
��$ #"$�(� . "� '�# � = ��$ -����'�T� ��$ ".!�# �T� ��#�'�!�"�  ���'!�� ; 3��� �"�' �� $�/��!�'�
&'"�� S��� S""$ �&���!��!� � � . "-�$�$ S �!� � &"#.�!�!�"��' �!�� ��� &�.���'�!�;
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Chapter 6: Summary of Changes and Enhancements
3��� &��.!� ��##� �T�� !�� &������ ��$ �����&�# ��!� !� "���"�! !�� ��� � ; +!

&"#.� �� !�� �� '� -� ��"� "( < F2��# ��� DCCC � S �!� !�� &�  ��! �!�!� "( < F2��# ���
DCCE� ; 3�� $��&����"� �� ����$ "� !�� !� �� �#.'�#��!�!�"� '��� � "( < F2��# ;

� �� � �	��� �����
3�� &'���! '��� �� !�� "�'� '��� - ���� '� !" ��$R��� � ��$ !�.�&�''� !�� "�'� '���  ������

"� !�� '" &�' #�&���� ;
+� DCCC = < F2��# ��$ � ��-� �.. '�! ��!� (�&� ; ��-� �..'�!�  �0�� � � ��� !" ��-�

� ��-�R����'�$ � "S �� ; ���&� $ �A� ��! � "S �� � �� ��$� " -� ��"��� #�� ��-� $�A� ��!
-� ��"�� "( !�� ��-� .'��R�� = !�� $�-�'". � � �!�&> !" � -� � �� '� -� ��"� "( ��-� ���-� B;C � !"
���� � !��! !�� �..'�!� S" >�$ "� �'' ��� &"#.�!� � ���. �&��''� "'$ &"#.�!� � �! ��$��! ��'
# ���(�&!� ��� ��!��� ; 3��� "'$ -� ��"� "( ��-� �"! "�'� ��� � -� � '�# �!�$ ��! "( � �.��&�'
��� ��!� (�&� 8*+� = ��! �'�" �� -� � �����; Q" �"-� = !��� " '$ ��-� �..'�! ��!� (�&� ���
#��� .".R�. S ��$"S � �� � -� � �! �&! ��� � &�� �.� ��! ��$ &��'$  �'�!�"����. � ; 3"  ��
"�� ��#�'�!�"� = � ��� # �� ��-� /-� " ��O ��-� �..'�! S ��$"S � "� ��� $��>!". "-� '�..���
��&� "!�� ; +( � ��� �&&�$��!�''� &'"��� !�� S "�� S ��$"S = !�� S�"'� �..'�&�!�"� &"�'$
& ��� ;

+� DCC� = !�� ��-� �.. '�! ��!� (�&� �F "S �� . '��R�� !�&��"'"�� � S��  �. '�&�$ �� � *5*
��� -� �& �.!��� !�&��"'"�� � ��!� (�&� ; *5* �� !�� �& "��# (" 5�.� !�O! * �. " &���" =
S��&� �� �� ".�� �"� &� = �� -� R��$� = 53Q6 �#��$$�$ �& �.!��� '������� ���$ !" & ��!�
$���# �& <�� .���� ; 1!�� ��# �'� �� -� �& �.!��� !�&��"'"���� � � ��* ���� � ��$ 8�*
�Q�& "�"(!� ; ,."� ��� 533*  �0���! = !�� �� -�  ��� *5* �& �.!� ��$ ���$� . '��� 53Q6
&"$� ��&> !" !�� &'���! = S�� � �" .'��R�� �� ���$�$ ; < ��'� �#.'�#��!��� !��� ��S *5*
��!� (�&� = �'#"�! �'' !�� "'$ .".R�. S ��$"S � S� � ��&" . " �!�$ ��!" ( �#�R����$ <�� .���� ;
8 ��� &��  �� � ��#�'�!�"� S �!��� !S" � "S �� S ��$"S � �� #��� S ��$"S = ��$ �� ".!�"��'
'"� S ��$"S !" #"��!" �O�&�!�"� � ; �!�$��� S �!� �!�$��! ��� � . "-� !�� ��S ��!� (�&�
���� �/&��!'� �#. "-�� < F2��# �� ���� �'�!� ��$ �� #�&� #" � ��� ( ���$'�;

8 "��$ DCC� = PQ6 S�� ���$ S �!� *5* !" ���� �!� !�� < F2��# <�� ��!� (�&� ; 8 �
$��& �� �$ �� '�� = ��&� #"$�' ��� � PQ6 $�!�����! = S ��&� ���� � ��! "( &��!"# �T�$ !��� !"
$��& �� � !�� #"$�' ; 3�� � �������� "( !�� *5* �& �.!  ��$� !�� #"$�' �. �&�/& PQ6 $�!�����!
��$ ���� � PQ6 .� �� !" .� �� !�� ��(" #�!�"� ��!" �� �  �� �! �&!� � ; 3��� $�A� ��!
.� !� "( !�� *5* �& �.! ��� !� �� �  �� !" &"��! �&! ��!� (�&�� = ��! .� �#�!� $�(��'!� = �!" �
��� ��.�!� = ��$ ����#�'� !�� ��.�!� ��!" � �! ��� �!�� &"  ��. "�$��� ��#�'�!�"� S �.. � 
S �'' (��$ !��� �! ��� !" !�� %" ! �� ��#�'�!�"��� ; 8$$��� � .� �#�!� �� !�� PQ6 $�!�����!
S �'' ��#. '� �$$ �� �'�# ��! �� !�� $���# �& �  ��; 3��� = !�� *5* &"$�  �(�  ��� !" !��� �  ��
S �'' ��!"#�!�&�''� �. $�!� !�� ��!� (�&� S��� �O�&�!�$ ; 8.. ��$�O 9 ��"S � !�� &"#.'�!�
PQ6 $�!�����! (" !�� �"! &"#. ����"� #"$�' ;
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+� DCC� = !�� � S� � �"# � �$$�!�"��' &������ !" PQ6 ��$ *5* �& �.!� !" ��.." !
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��� � !" ��-� =  �! ��-� = ��� &� = ��$ &"#.� � ��#�'�!�"�  ��� ; 3�� ��S �FQ � &"#."���! �"!
"�'� ��-�� !�� ���0�� ��.�!� ��$ "�!.�!� ��!" !�� $�!����� �#�>��� '��>� (" ��� $�.'�&�!�
 ���� = �! # �� �'�" �>�. !�� �&!��' '���!�� ��#�'�!�"�  �� �( �! &�� /�$ !�� ��#�'�!�"�  ���'!�
�� !�� $�!����� ; 3��� �� ! ���.� ��! !" ��� � ��$ �����/&��!'�  �$�&�� !��  �� !�#� ; %" 
�O�#.'� = !�� #�! (" #�!�"� ��#�'�!�"� #��  �� ��-�� # ���!�� S��� �O�&�!��� !�� %" ! ��
��#�'�!�"� �� $�(��'! = ��! �! #��  �!� � !��  ���'!� �� "�� # ���!� �( �! &�� /�$ !�� ��#�'�!�"�
 ��� '!� �� !�� $�!����� ;

Q" �"-� = S �!� !�� ��S &"#.�!�!�"��' �!�� ��� &�.���'�!�= ��� � &�� .���� = �O�# ��� =
��$ &"#.� � !�� ��!� #�$��!�  ���'!� ( "# � ��#�'�!�"� ; 2"�! ��!�$ S �!� !�� ! �$ �!�"��'
S�� "(  ������ � '���!�� ��#�'�!�"� !" ��� !��  ��� '! �! !�� ��$ = &"#.�!�!�"��' �!�� ���
&�� '�-� ��� !�� ��� �� �O.� ! >�"S '�$�� "� !�� �� �$� ��� !�� ��#�'�!�"�  �� � ��$ . "- �$�
��S ������!� ��$ ��S . "$�&! $����� ".." !���!��� ; %" �O�#.'� = �! # �� !�>� /-� # ���!��
!"  ��&� � �!�� ��� . "��! = ��$ �!�� ��� #�� !�>� !� �� # ���!�� �� ��� ��!� . "#.!� !"
�!�� = - ��S � !�� ��!� # �$��!�  ���'!� = ��$ !��� �!�� �� ; 3�� (�'' ��#�'�!�"�  �� #�� !�>� ��

#���!�� ; ��� � ��� S��!� !"  �� !� �� �O. � �# ��!� = "( S��&� !S" !� � "�! !" � � ����!� ��!���
��..� ��! �! !�� / �! �!�� ��� . "��!� ; +� !�� "'$ < F2��# = �! #�� !�>� �� � � � B�� #���!��
!"  �� �'' !�� ��#�'�!�"�� ; +� !�� ��S < F2��# = �! #�� !�>� �� � �� � � � ��� � �� � ��

#���!�� ; Q" �"-� = � 52+ �����'�!� �!�$� �&"�$�&!�$ �#"�� ��$� � �$ �!�$��! ��� � �!
)*+��, � ��"S�$ !�� &�  ��! '�(!R ���! ( �#� < F2��# ��!� (�&� �� #�&� ����� !" ��- ���!�
��$ ��� �&"#.� �$ !" !�� "'$ < F2��# ��-� �..'�! ��!� (�&� S �!� #��� .".�. S ��$"S �� ;
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%" . "� �##� � = !�� ��S < F2��# �� #�&� ����� !" &����� ��$ #���!��� ; +��!��$
"( #���!��� ��� �� ��&���! ��-� �.. '�! 8*+ ��$ !�'��! &"���&!�"� = . "� �##� � � � �"S
S" >��� S �!� � -� � .".�'� ". �� �"� &� �� -� �& �.!��� '������� *5*= ��$ 8.�&�� ; 3��
��S ��!� (�&� �� $������$ ����� "�� �&!R" ���!�$ &"�&�.!� ; 3�� � �� � < F2��# "�� �&! (" 
!�� ��!� � <�� ��!� (�&� ��$ � ���� "�� �&! (" �'' !�� ��#�'�!�"� #"$�'� ; 3��� = ��&�
��#�'�!�"� ��� �!� ��$�- �$��' "� � �&! = S��&� ���� �!� -� �"�� &"##"� #�!�"$� ( "# !�� ����
"�� �&! ; ���&� DCC� = PQ6 ��� � ��� ���$ !" $��& �� � � ��#�'�!�"� #"$�' ��$ ���(� -� �"��
�#. '�#��!�!�"� '��� � ; F�(" � !�� PQ6 �#.'�#��!�!�"� = � ��#.'� &����� ��&� �� �$$��� �
��S ��.�! .� �#�!� �� �� �O ��!��� .� �#�!� ��&!�"�  �0�� �$ � . "� �##� !" S" > S �!� �
#"$�'� !" . ��. "��! ��-� �' . '�&�� ��$ #�>� &������ �� < F2��# = ��&� �� !�� *5* ��!� (�&�
&"$� = !�� *� ' ��#�'�!�"� S �..� = � Q �!��#�!�&� �& �.! = ��$ !�� $�!����� ; 3"$��= #"�!
"( !���� '��� � ��!� (�&� S �!� !�� ��#� PQ6 $�!�����! ; Q �>��� � ��#.'� &����� !" !��
PQ6 ����! = �$$��� !��� .� �# �!� �� !�� &"  ��. "�$��� .� �#�!� ��&!�"� = &����� &��&�$ ���
&������ �! -� �"�� �#.'�#��!�!�"� '��� � ; %" �O�#.'� = � �(" � !�� PQ6 �#.'�#��!�!�"� =
/�$����&������� *5* ��!� (�&� ��$ *� ' ��#�'�!�"� S  �.. � � &"�'$ !�>� �"� � ; 3"$��=
S �!� PQ6 = � . "� �##� " �-�� � #"$�'� &�� #�>� ��&� � &����� �� !�� PQ6 ����!
S �!� �� � (�S # ���!�� ;

% ���''�= !�� < F2��# &"$� �� #�&� #" � " ����T�$ : *5*= *� ' = %" ! �� ��#�'�!�"� =
!�#." � � $�!� / '�� � � � "�. �$ ��!" !��� &"  ��. "�$��� ("'$� � ; F� &"�-� !��� !�� '���&�
%" ! �� &"$� !" 8@�+ �!��$� $ %" ! �� EC ��$ �$�� ��� !" �!�� '� !�&��"'"���� '�>� *5*=
*� ' = ��$ 8.�&�� = !�� < F2��# &"$� ��� �'�" � �&"#� #�&� #" � . " !�� '� = ��-��� �"S
���� ." !�$ ( "# 1�% ��92 8'.�� � !" �"'� �� ��,@ �.� &� !" 6 ���O �+�!�' O��� ;
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Chapter 7: Future Work and Conclusions
4�&��! &������ ��$ �����&�#��!� ��-� � ��� #�$� !" !�� ��#�'�!�"� #"$�' &" $�� ��$

!�� �O.� �#��! #�����# ��! &"#."���! ; 3�� '�!!� &�� �� $�- �$�$ ��!" !� �� '�-�'� : B�
$�!� #�����#��! = D� &����� #�����# ��! = ��$ �� �O�&�!�"� #�����# ��! ;

8! !�� $�!� #�����#��! '�-�' = ���!����  �'�!�$ !" �� �O.� �#��! ��"�'$ � � �!" �$
��$ $" &�#��!�$ ; 2��.!� � $��& �� �$ ��&� � &"#."���! S�� � � �FQ � �� ���$ !" �!" �
!�� ��#�'�!�"�  ��� ; 3��� -� �"�� ���� '�-�' ��!� (�&�� � � . "- �$�$ !" �''"S ��� � !" ��-� =
 �! ��-� = ��� &� = ��$ &"#.� � !���� ��#�'�!�"�  ��� ;

8! !�� &����� # �����#��! '�-�' = � �&���!��! ��"�'$ "�'� (" &�� "� �"S !" �"'-� �
. "� '�# �� !�� �O. � �#��! $"# ��� ; 8 ��$� ( "#  ������ �O. � �#��!� = � �&���!��! # �� "�'�
&"���$� �"S !" $�/�� � ��S #"$�' = �"S !" #"$�(� �� �O ��!��� #"$�' = ��$ �"S !" ��!� . �!
�� �O.� �#��!  ���'! ; 3�� &�  ��! � &��!�&!� � "( < F2��# #�>�� �$$��� � ��S #"$�'
 �'�!�-�'� ���� ��$ �! ����!(" S� $ = �� $��& �� �$ �� 2��.!� D ; F� ����� PQ6 $��& �� �$ ��
2��.!� � = &������� �� �O ��!��� #"$�' �� ��!��!�-� ��$ (��! ;

8! !�� �O�&�!�"� # �����#��! '�-�' = �"S �� �O. � �#��! �� �O�&�!�$ �� !�� # ��� &"�&� � ;
F� . "- �$��� � &"#.�!�!�"��' �!�� ��� &�.���'�!�= � �&���!��! &�� .���� = �O�# ��� = ��$ &"#.� �
!�� ��!� #�$��!�  ���'!� ( "# � ��#�'�!�"� ; 2"�! ��!�$ S �!� !�� ! �$�!�"��' S�� "(  ������
� '���!�� ��#�'�!�"� !" ��� !��  ��� '! �! !�� ��$ = &"#.�!�!�"��' �!�� ��� &�� '�-� ��� !��
��� �� �O. � ! >�"S '�$�� "� !�� �� �$� ��� !�� ��#�'�!�"�  �� � ��$ . "- �$� ��S ������!�
��$ ��S . "$�&! $����� ".." !���!��� ;

� �� ������ ����� ��	�� 	�� � ������� ��� 	��
3�� �O ��!���  ���� &� !". �&� &�� �� .� ���$ $��. � ��$�" ���� �'�T�$ ; ��!�����

��.." ! &�� � � �.. '��$ !" �'' #"$�'� ; 8 #" � �FQ � &��! �& � &� �!�&!� � �$��& �� �$ ��
2��.!� � ;� ;D� &�� � � �O.'" �$ ; PQ6 $�!�����!� &�� � � �!�'�T�$ !" $�/�� !�� $�!�����
!�� '� �&��#� ; Q �>��� � PQ6 �$�!��� = -� �/&�!�"� = ��$ ���# ����"� ��!� (�&� &�� � � -� �
��'. (�' (" � S""$ �&���!��! !" �'!� < F2��# ��# ��'( ; 8  &� �-�����!" ��� PQ6 &�� �A�&!�-�'�
. "-�$� -� ��"� &"�! "' (" < F2��# ; 3�� . " &��� "( �$$��� � �!�� ��� . "��! �� � ��#�'�!�"�
&�� � � �! ��# '���$ ; 8$$��� #�'!�. '� �!�� ��� . "��!� #�� . "-�$� �$$�!�"��' ��O �� �'�!� !"
��#�'�!�"� �O�&�!�"� ; �!�� ��� .� �# �!� � ��$ ��!� #�$��!�  ���'!� &�� �� ��-�$ ��!" !��
$�!����� ; Q" �"-� = $�!����� ��.." ! = PQ6 = ��$ &"#.�!�!�"��' �!�� ��� &�� � � ���� �'�T�$
!" ��.." ! "!�� *�9� " &"#.�!�!�"��' ��-� "�#��!� ;

� �� ������ ����� ����� � ������� ��� 	��
3�� � � � �'�" "!�� ��!� ��!���  ���� &� !". �&� ��&� �� &"''�� " �!�"� ��.." ! ��$

���� .� (" # ��&� &"#.�!��� ; 2"''��" �!�"� ��.." ! S"�'$ �''"S #�'!�. '� ��"� �.��&�''�
$��! ���!�$ ��� � !" �"��!'� #"$�(� !�� ��#� #"$�' ��!� (�&� = ��$ &"�&�  ��!'� - ��S ��$
���"!�!� !�� ��#� ��#�'�!�"� "�!.�! ; 1!�� (��!� �� ��$� �&!'� ��.." !��� &"''�� " �!�"�

��



� � ��� &"�! "' "-� S�� � !��� $�!� �� �!" �$ �'" &�''� "� !�� &'���! # �&���� -� ;  �#"!�'�
"� !�� �� -� � = ��$ ��.." ! (" �O&������� $�!� S �!� "!��  ���� &�� � ; F� �!�'�T��� ��!�� 
.� �''�' " $��! ���!�$ &"#.�!��� = < F2��# &��  �$�&� !�� !� �� "��$ !�#� !" # ���!�� =
# �>��� ��!� �&!�-� ��� (����� '� �-�� (" &"#.'�O !� ��R$ �#����"��' #"$�'� ; 1�� �.. "�&�
&�� � � ����� � &'��!� �� � &"#.�!� ������ (" < F2��# = ! ���.� ��! !" !�� ��� = S��� �
 �0���!�$ ��#�'�!�"� &�� � � ��!�# �!�$ !"  �0�� � ��&�  ��"� &�� ;

� �� ���� ���	���
< F2��# ��� �-"'-�$ �!��$�'� ( "# � . "!"!�. � *�9 = ��!��$�$ �� � !""' (" &"#.�!� 

�&���&� *�9  ���� &� ��$ � <��R����$ ��!� (�&� !" � (�S '���&� &"#.�!� . "� �# � = !" �
#���(�&!� �R" ���!�$ ��� &"##� &��' 0��'�!� *�9 !��! �� �� �"��'� ���$ �� S""$ �&���&�
 ���� &�� � �� ��$��! � ��$ �&�$�# �� ; ���&� ��!� ��!��� &"#.�!�!�"��' &�.���'�!��� � � �!�''
'�&>��� �2��.!� � � ;B
 � ;D� = < F2��# S �''  �#��� �� "� � �&! "( &"#.�!� �&���&�  ���� &�
(" �"#� !�#� !" &"# � ; 7�! !�� . "� �# �� ��!� (�&�� = #"$�'� = ��$ "�!.�! - ����'�T�!�"��
� � �"S �""$ ��"��� !" �� ���$ �� . "$�&!�"� !""'� �� S""$ �&���!��!� ; 3�� $� �&!�"��
�� S��&� &"#.�!� �&���!��!� S"�'$ '�>� !" !�>� < F2��# �&"''�� " �!�"� = $�!� # �� ��� = � �$
&"#.�!��� � � � 0��!� $�A� ��! ( "# !�� $� �&!�"�� !��! S""$ �&���!��!� S"�'$ . �(� (" 
< F2��# ���S #"$�'� =  �/���� �O ��!��� #"$�'� = # " � ��!� (�&� ��$ -����'�T�!�"� ".!�"��� ;
3�� . ����! '��� �$ � &��!�&!� � "( < F2��# ��.." !� !� �� $ �&�"!"#� S�'' ;

< �!� !�� �$$�!�"� "( !�� $�!����� ��.." ! = < F2��# �"S ��� � #�&� #" � �� &���!
!" "' !" # ����� �!� ��#�'�!�"� �O�&�!�"� ��$ �O. � �# ��! $�!� ; < �!� !�� �$$�!�"� "( PQ6
!�&��"'"��= < F2��# �� �"S &"���$� �� '� ����� !" &����� ��$ #���!��� ; < �!� !�� �$$�!�"�
"( � &"#.�!�!�"��' �!�� ��� &�.���'�!�= < F2��# �''"S � � S""$ �&���!��! !" ��!� �&!�-�'�
�O.'" � � . "� '�# ���� ��� ������! ��!" !�� .����&�' #�&�����# � � ���� #"$�'�$ = �A�&!�-�'�
 �$�&� &"#.�!�!�"��' !�# � = #�>�  ���� &� #" � �� &���! = ��$ � �!!� .� ��� ��S . "$�&!
$����� ;

3�� " �� ���' �!�!�$ �"�' �� B� "( < F2��# = !" . "-�$� ��� ��!�� �!�$ ��! "( (�&�'�!���
�''"S ��� S""$ �&���!��!� !" &"�&��! �!� "� ����R'�-�' . "� '�# �"'- ���  �!�� !��� "� '"SR
'�-�' . "� �## ��� $�!��'� ��$ �..'�&�!�"� �&��$�'�����O�&�!�"� = �''"S ��� ��� � !" $�/�� =
 �&" $ = ��$ #"$�(� . "� '�# � = ��$ -����'�T� ��$ ".!�# �T� ��#�'�!�"�  ��� '!� =� �"S ���# �
#�&� &'"�� !" ( � �!�"� ;
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