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$WWHPSWV�����������PDUNV�$� D�FRUUHFW�FHQWUH$� D�FRUUHFW�UDGLXV�$� VXP�RI�UDGLL�

&� &�

.

47



3DJH���

3DUW��E���LL� ��PDUNV +LW�0LVV���E���LL�. LV�D�WKLUG�FLUFOH�%RWK�&� DQG &� WRXFK�. LQWHUQDOO\�7KH�FHQWUHV�RI�WKH�WKUHH�FLUFOHV�OLH�LQ�D�VWUDLJKW�OLQH�)LQG�WKH�HTXDWLRQ�RI�.�
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48(67,21��3DUW��D� ���PDUNV $WW��3DUW��E� �����������PDUNV $WW�������3DUW��F� ��������������PDUNV $WW����������
3DUW��D� ���PDUNV $WW�����D� RDEF LV�D�SDUDOOHORJUDP�ZKHUH�R LV�WKH�RULJLQ�� D L Mo o o �� DQG E L Mo o o �� � �([SUHVV Fo LQ�WHUPV�RI Lo DQG Mo �
([SUHVV� F& ���PDUNV� $WW�����D� ����� MLFMLMLDEDEF &&&&&&&&&& � ���� �  o
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3DUW��E�� ������������PDUNV $WW�������
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&DOFXODWH�YDOXH�RI�N ���PDUNV $WW�����E���L�

������������ ��� �  �� ��?  �A NNMNLML TSTS &&&& &&&&

51



3DJH���
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6OLSV�����6� DULWKPHWLF�HUURU�
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6OLSV�����6� DULWKPHWLF�HUURU�
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3DUW��F���LL� ��PDUNV $WW�����F� �LL� �LL� \ LV�D�SRLQW�RQ�>RD@�VXFK�WKDW�_�R\ _��_�\D _� �������([SUHVV E\�o LQ�WHUPV�RI� Do DQG� Eo �
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6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� �ooo � D\EDE\
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6OLSV�����6� DULWKPHWLF�HUURU�
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����
�� \[\\[[[[\ \[[[\[\[\ \[[

c�c �c�c�c �c c�c ? c�c�� c � c
� � � �������� �����  �c�c  c�c�c�c \[/I \[\[/I

RU � � � � � � � � � � � �
� �������� ����

�����RI6ORSH
����DQG���������

����������
����

����
����������������

 �c�c? �c� �c��c �c
� �� � 

 � ���
�\[/I [\[\/I

/I
II/
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6OLSV�����6� DULWKPHWLF�HUURU�
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(TXDWLRQ�RI�0 ����������PDUNV $WW����������E���L� S PLG�SRLQW�RI�> DT @ ZKHUH�T�0�
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%OXQGHUV�����%� HUURU�LQ�WUDQVODWLRQ�RU�FHQWUDO�V\PPHWU\�%� HUURU�LQ�PLG�SRLQW�IRUPXOD�%� HUURU�LQ�VORSH�RI�0 RWKHU�WKDQ�VOLS�%� HUURU�LQ�HTXDWLRQ�OLQH�IRUPXOD�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV��������PDUNV�$� RQH�FRPSRQHQW�RI�SRLQW�RQ�0�FRUUHFW�$� VORSH�RI�0�
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6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� SHUSHQGLFXODU�GLVWDQFH�IRUPXOD�ZLWK�VRPH�VXEVWLWXWLRQ�
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0HDVXUH�RI�DFXWH�DQJOH ��PDUNV $WW�����E���LLL�

�������WDQDQJOH�DFXWH)RU�������WDQ
���6ORSH������

����� ��6ORSH������������
��

���
����  ¹̧·©̈§ r ��r 

  ��
� �� � ��

�TT
.\[.
DSSD

%OXQGHUV�����%� HUURU�LQ�VORSH�IRUPXOD�%� VLJQ�HUURU�LQ�WDQ�T IRUPXOD�%� HUURU�LQ� � ��WDQ ������ FDOFXODWLRQ�
6OLSV�����6� DULWKPHWLF�HUURU�6� DQJOH�QRW�FRUUHFW�WR�QHDUHVW�GHJUHH�
$WWHPSWV�����PDUNV�$� RQH�FRUUHFW�VORSH�$� WDQ�T IRUPXOD�ZLWK�VRPH�VXEVWLWXWLRQ�
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6OLSV�����6� DULWKPHWLF�HUURU�
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0HDVXUH�RI�DQJOH�NDS ���PDUNV $WW�����F���L�
7ULDQJOH�NDE LV�HTXLODWHUDO�ZLWK�VLGHV�RI�OHQJWK�U�
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3DUW �D� ���PDUNV $WW�����D� )LQG�WKH�YDOXH�RI� VLQ��q LQ�VXUG�IRUP�
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%OXQGHUV�����%� HUURU�LQ�VLQ��$�� %��IRUPXOD�%� VLQ���� HWF�LQFRUUHFW�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� VLQ����  VLQ����� � ������RU�VLQ����  VLQ����� � �����$� VLQ���� HWF�QRW�LQ�VXUG�IRUP�
:RUWKOHVV����:� VLQ���� HYDOXDWHG�IURP�FDOFXODWRU�
3DUW��E� ������������PDUNV $WW�������
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&DOFXODWH�_�DH _ ���PDUNV $WW�����E���L�
������� �������� ���

   � DHDH
%OXQGHUV�����%� LQFRUUHFW�VTXDULQJ�%� LQFRUUHFW�DSSOLFDWLRQ�RI�3\WKDJRUDV�%� HUURU�LQ�VTXDUH�URRW�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� DSSOLFDWLRQ�RI�3\WKDJRUDV�

3DUW��E���LL� ���PDUNV $WW�����E���LL� +HQFH��FDOFXODWH� HID� �
&DOFXODWH�¨̈��DIH ¨̈ ���PDUNV $WW�����E���LL�
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%OXQGHUV�����%� HUURU�LQ�FRVLQH�UXOH�IRUPXOD�%� HUURU�LQ�VXEVWLWXWLRQ�LQWR�FRVLQH�UXOH�IRUPXOD�%� LQFRUUHFW�VTXDULQJ�%� LQFRUUHFW�HYDOXDWLRQ�RI�DQJOH�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� FRVLQH�IRUPXOD�ZLWK�VRPH�VXEVWLWXWLRQ�
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3DUW��F� �����������PDUNV $WW�������
3DUW��F���L� ���PDUNV $WW�����F���L� 8VLQJ�WKH�LGHQWLW\� FRV� � FRV FRV VLQ VLQ$ % $ % $ %�  � ��RU�RWKHUZLVH��SURYH� �VLQFRVFRVVLQ�VLQ� %$%$%$ � �
3URYH�VLQ�$�%� ���PDUNV $WW�����F���L� � �� �

�VLQFRVFRVVLQ VLQ���VLQ�FRV���FRV� ����FRV ����FRV�VLQ�
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RU T�FRV$��VLQ$� S�FRV%��VLQ%�
� $�� %���� �% [�D[LVR������\�D[LV$UHD�WULDQJOH�RST�� ò������6LQ�$�%�$UHD�WULDQJOH�RST�� ò¨VLQ$FRV%�� FRV$VLQ% «�

? VLQ�$�%��� VLQ$FRV%�� FRV$VLQ%5HSODFLQJ�% E\��% � VLQ�$�%��� VLQ$FRV��%� � FRV$VLQ��%� VLQ$FRV%�� FRV$VLQ%�
%OXQGHUV�����%� LQFRUUHFW�H[SDQVLRQ�RI�FRV>������ $��� %�@
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� VLQ��$���%�� FRV>����� �$���%�@$� DUHD�RI�WULDQJOH�RST�

64



3DJH���

3DUW��F���LL� ��PDUNV $WW�����F���LL� 3URYH� VLQ� � VLQ� � �VLQ VLQ ��VLQ VLQ ��$ % $ % $ % $ %� �  � �
3URYH ��PDUNV $WW�����F���LL�
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%OXQGHUV�����%� HUURU�LQ�H[SDQVLRQ�RI�VLQ��$���%��RU�VLQ��$�%��%� HUURU�LQ�VLQ��$���%���VLQ��$�%��IRUPXOD�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� FRUUHFW�H[SDQVLRQ�RI�VLQ��$�%��$� FRUUHFW�DSSOLFDWLRQ�RI�VLQ��$���%��VLQ��$�%��IRUPXOD�
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48(67,21��3DUW��D� ����������PDUNV $WW��������3DUW��E� ����������������PDUNV $WW�������������3DUW��F� ����������������PDUNV $WW�������������
3DUW��D� ����������PDUNV $WW�������3DUW��D���L� ��PDUNV $WW�����D���L� (LJKW�SHRSOH��LQFOXGLQJ�.LHUDQ�DQG�$QQH��DUH�DYDLODEOH�WR�IRUP�D�FRPPLWWHH�)LYH�SHRSOH�PXVW�EH�FKRVHQ�IRU�WKH�FRPPLWWHH��L� ,Q�KRZ�PDQ\�ZD\V�FDQ�WKH�FRPPLWWHH�EH�IRUPHG�LI�ERWK�.LHUDQ�DQG�$QQH�PXVW�EH�FKRVHQ"�
3DUW��D���L� ��PDUNV $WW�����D���L� .LHUDQ�DQG�$QQH�FKRVHQ����?6HOHFW���IURP������6ROXWLRQ� ��   &
%OXQGHUV�����%� �&��6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� �&��

3DUW��D���LL� ��PDUNV $WW�����D���LL� ,Q�KRZ�PDQ\�ZD\V�FDQ�WKH�FRPPLWWHH�EH�IRUPHG�LI�QHLWKHU�.LHUDQ�QRU�$QQH�FDQ�EH�FKRVHQ"
3DUW��D���LL� ��PDUNV $WW�����D���LL� %RWK�.LHUDQ�DQG�$QQH�QRW�FKRVHQ���? 6HOHFW���IURP�����6ROXWLRQ� ��   &
%OXQGHUV�����%� �&��6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� �&��
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3DUW��E� ����������������PDUNV $WW�������������
3DUW��E���L� �������������PDUNV $WW����������
&KDUDFWHULVWLF�URRWV ��PDUNV $WW��6LPXOWDQHRXV�HTXDWLRQV ��PDUNV $WW��)LQDO�VROXWLRQ ��PDUNV $WW��� �E���L� 6ROYH�WKH�GLIIHUHQFH�HTXDWLRQ�X X XQ Q Q� �� �  � �� � �� ZKHUH�Q t ��JLYHQ�WKDW�X� � � DQG�X� � �
6ROYH �������������PDUNV $WW�������������E���L�
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%OXQGHUV�����%� HUURU�LQ�FKDUDFWHULVWLF�HTXDWLRQ�%� HUURU�LQ�IDFWRUV�RU�LQ TXDGUDWLF�IRUPXOD�%� LQFRUUHFW�XVH�RI�LQLWLDO�FRQGLWLRQV�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����������PDUNV�$� FRUUHFW�FKDUDFWHULVWLF�HTXDWLRQ�$� DQ�HTXDWLRQ�LQ�N DQG�O�$� FRUUHFW�YDOXH�IRU�N RU�O�
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3DUW��E���LL� ��PDUNV $WW�����E���LL� 9HULI\�WKDW�WKH�VROXWLRQ�\RX�KDYH�REWDLQHG�LQ �L��VDWLVILHV�WKH�GLIIHUHQFH�HTXDWLRQ�
9HULI\ ��PDUNV $WW�����E��LL�
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%OXQGHUV�����%� XQ��� RU�XQ���LQFRUUHFW�%� HUURU�LQ�LQGLFHV�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� FRUUHFW�VXEVWLWXWLRQ�LQWR�GLIIHUHQFH�HTXDWLRQ�$� XQ��� RU�XQ���FRUUHFW�
3DUW��F� ����������������PDUNV $WW�������������3DUW��F���L� ��PDUNV $WW�����F�� �F� 7HQ�GLVFV��HDFK�PDUNHG�ZLWK�D�GLIIHUHQW�ZKROH�QXPEHU�IURP���WR�����������DUH�SODFHG�LQ�D�ER[��7KUHH�RI�WKH�GLVFV�DUH�GUDZQ�DW�UDQGRP��ZLWKRXW�UHSODFHPHQW��IURP�WKH�ER[��L� :KDW�LV�WKH�SUREDELOLW\�WKDW�WKH�GLVF�ZLWK�WKH�QXPEHU���LV�GUDZQ"
3UREDELOLW\�GLVF�ZLWK���LV�GUDZQ ��PDUNV $WW�����F���L� 1XPEHU�RI�SRVVLEOH�RXWFRPHV� ��&�  ����1XPEHU�RI�IDYRXUDEOH�RXWFRPHV��RQH���DQG�DQ\�WZR�RWKHUV�� �&�  ��3UREDELOLW\� ���������   RU 3UREDELOLW\� ��������������  u �u��DV�WKH���FDQ�EH�GUDZQ�RQ�WKH�ILUVW�RU�VHFRQG�RU�WKLUG�GLVF��%OXQGHUV�����%� IDYRXUDEOH�DQG�SRVVLEOH�RXWFRPHV�JLYHQ��EXW�SUREDELOLW\�QRW�H[SUHVVHG�
6OLSV�����6� DULWKPHWLF�HUURU�
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$WWHPSWV�����PDUNV�$� FRUUHFW�QXPEHU�RI�SRVVLEOH�RXWFRPHV�$� FRUUHFW�QXPEHU�RI�IDYRXUDEOH�RXWFRPHV�$� IDLOXUH�WR�DOORZ�IRU�RUGHU��L�H��QXPEHU���FDQ�EH�GUDZQ�ILUVW��VHFRQG�RU�WKLUG�
3DUW��F���LL� ��PDUNV $WW�����F� �LL� :KDW�LV�WKH�SUREDELOLW\�WKDW�WKH�WKUHH�QXPEHUV�RQ�WKH�GLVFV�GUDZQ�DUH�RGG"
3UREDELOLW\�RI�WKUHH�RGG�QXPEHUV ��PDUNV $WW�����F���LL�

���������\�3UREDELOLW ��RXWFRPHVIDYRXUDEOHRI1XPEHU� ����RXWFRPHVSRVVLEOH1XPEHURI
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RU �������������������RGGWKLUG���RGGVHFRQG���RGGILUVW���RGGWKUHH�     3333
%OXQGHUV�����%� IDYRXUDEOH�DQG�SRVVLEOH�RXWFRPHV�JLYHQ��EXW�SUREDELOLW\�QRW�H[SUHVVHG�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� FRUUHFW�QXPEHU�RI�SRVVLEOH�RXWFRPHV�$� FRUUHFW�QXPEHU�RI�IDYRXUDEOH�RXWFRPHV�
3DUW��F���LLL� ��PDUNV $WW�����F���LLL� :KDW�LV�WKH�SUREDELOLW\�WKDW�WKH�SURGXFW�RI�WKH�WKUHH�QXPEHUV�RQ�WKH�GLVFV�GUDZQ�LV�HYHQ"
3UREDELOLW\�SURGXFW�HYHQ ��PDUNV $WW�����F���LLL� )RU�SURGXFW�HYHQ�DV�OHDVW�RQH�RI�WKH�QXPEHUHG�GLVFV�PXVW�EH�HYHQ�$W�OHDVW�RQH�HYHQ� DOO�SRVVLEOH�RXWFRPHV�� RXWFRPH�RI�DOO�WKUHH�RGG�3RVVLEOH�RXWFRPHV� ��&�� ����)DYRXUDEOH�RXWFRPHV� ��&� � �&�� ����� ��� ����? 3UREDELOLW\��WKUHH�RGG�� �����������  
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%OXQGHUV�����%� IDYRXUDEOH�DQG�SRVVLEOH�RXWFRPHV�JLYHQ��EXW�SUREDELOLW\�QRW�H[SUHVVHG�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� FRUUHFW�QXPEHU�RI�SRVVLEOH�RXWFRPHV�$� FRUUHFW�QXPEHU�RI�IDYRXUDEOH�RXWFRPHV�$� 3�HYHQ��HYHQ��HYHQ��RU�3�HYHQ��HYHQ��RGG��RU�3�HYHQ��RGG��RGG��FDOFXODWHG��$� VROXWLRQ�� ��� 3�WKUHH�RGG��DQG�VWRSV�
3DUW��F���LY� ��PDUNV $WW�����F���LY� :KDW�LV�WKH�SUREDELOLW\�WKDW�WKH�VPDOOHVW�QXPEHU�RQ�WKH�GLVFV�GUDZQ�LV��"
3UREDELOLW\�VPDOOHVW�QXPEHU�LV�� ��PDUNV $WW�����F���LY� &KRRVH���DQG�DQ\�WZR�GLVFV�QXPEHUHG�������������������)DYRXUDEOH�RXWFRPHV� �����   &3RVVLEOH�RXWFRPHV� � �������  &3UREDELOLW\� ��������   RU 3UREDELOLW\� ������������������   u
%OXQGHUV�����%� IDYRXUDEOH�DQG�SRVVLEOH�RXWFRPHV�JLYHQ��EXW�SUREDELOLW\�QRW�H[SUHVVHG�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� FRUUHFW�QXPEHU�RI�SRVVLEOH�RXWFRPHV�$� FRUUHFW�QXPEHU�RI�IDYRXUDEOH�RXWFRPHV�$� IDLOXUH WR�DOORZ�IRU�RUGHU��L�H��QXPEHU���FDQ�EH�GUDZQ�ILUVW��VHFRQG�RU�WKLUG�
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48(67,21��3DUW��D� ����������PDUNV $WW�������3DUW��E� ����������������PDUNV $WW�������������3DUW��F� ��������������PDUNV $WW����������
3DUW��D� ����������PDUNV $WW�������3DUW��D���L� ��PDUNV $WW�����D� )LYH�FDUV�HQWHU�D�FDU�SDUN���7KHUH�DUH�H[DFWO\�ILYH�YDFDQW�VSDFHV�LQ�WKH�FDU�SDUN��L� ,Q�KRZ�PDQ\�GLIIHUHQW�ZD\V�FDQ�WKH�ILYH�FDUV�SDUN�LQ�WKH�YDFDQW�VSDFHV"
3DUW��D���L� ��PDUNV $WW�����D���L� 6ROXWLRQ� �u�u�u�u�� ��� ����
%OXQGHUV�����%� ���
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� WZR�FDUV�SDUNHG�LQ���u ��ZD\V�

3DUW��D���LL� ��PDUNV $WW�����D� �LL� 7ZR�RI�WKH�FDUV�OHDYH�WKH�FDU�SDUN�ZLWKRXW�SDUNLQJ�,Q�KRZ�PDQ\�GLIIHUHQW�ZD\V�FDQ�WKH�UHPDLQLQJ�WKUHH�FDUV�SDUN�LQ�WKH�ILYH�YDFDQW�VSDFHV"
3DUW��D���LL� ��PDUNV $WW�����D� �LL� 6ROXWLRQ� �u�u�� ���
%OXQGHUV�����%� ���
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� WZR�FDUV�SDUNHG�LQ���u ��ZD\V�
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3DUW��E� ��������������� $WW�������������3DUW��E���L� ��PDUNV $WW�����E���L�

/ DQG�. DUH�GLVWLQFW�SDUDOOHO�OLQHV�D� E� F DQG�G DUH�SRLQWV�RQ�/ VXFK�WKDW�_�DE _� �_�EF _� �_�FG _� ���FP�[� \ DQG�] DUH�SRLQWV�RQ�. VXFK�WKDW�_�[\ _� �_�\] _� ���FP�
�L� +RZ�PDQ\�GLIIHUHQW�WULDQJOHV�FDQ�EH�FRQVWUXFWHG�XVLQJ�WKUHH�RI�WKH�QDPHG�SRLQWV�DV�YHUWLFHV"

1XPEHU�RI�WULDQJOHV ��PDUNV $WW�����E���L� )RUP�WULDQJOHV�ZLWK�RQH�SRLQW�IURP�.�DQG�WZR�SRLQWV�IURP�/RU�RQH�SRLQW�IURP�/ DQG�WZR�SRLQWV�IURP�.�6ROXWLRQ� ���������������  � u�u &&&&
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� �&� u �&� RU���&� u �&�

3DUW��E���LL� ��PDUNV $WW�����E���LL� +RZ�PDQ\�GLIIHUHQW�TXDGULODWHUDOV�FDQ�EH�FRQVWUXFWHG�XVLQJ�IRXU�RI�WKH�QDPHG�SRLQWV�DV�YHUWLFHV"
4XDGULODWHUDOV ��PDUNV $WW�����E���LL� )RUP�TXDGULODWHUDO�ZLWK�WZR�SRLQWV�IURP�/ DQG�WZR�SRLQWV�IURP�.�6ROXWLRQ� ���������  u u &&
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� �&� RU���&���RU �&� � �&��
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3DUW��E���LLL� ��PDUNV $WW�����E���LLL� +RZ PDQ\�GLIIHUHQW�SDUDOOHORJUDPV�FDQ�EH�FRQVWUXFWHG�XVLQJ�IRXU�RI�WKH�QDPHG�SRLQWV�DV�YHUWLFHV"
3DUDOOHORJUDPV ��PDUNV $WW�����E���LLL� > @ > @ > @ > @> @ > @ > @ > @> @ > @ > @ ��7RWDO ���RU��ZLWK� ���RU�RU��ZLWK� ���RU�RU��ZLWK�

 ?  u  u  u 
EGDF[] FGEFDE\] FGEFDE[\

%OXQGHUV�����%� RQH�VHW�RI�SDUDOOHORJUDPV�RPLWWHG�
6OLSV�����6� DULWKPHWLF�HUURU�
$WWHPSWV�����PDUNV�$� RQH�VHW�RI�SRVVLEOH�SDUDOOHORJUDPV�FRUUHFWO\�FRXQWHG�
3DUW��E���LY� ��PDUNV $WW�����E���LY� ,I�RQH�TXDGULODWHUDO�LV�FRQVWUXFWHG�DW�UDQGRP��ZKDW�LV�WKH�SUREDELOLW\�WKDW�LW�LV�QRW�D�SDUDOOHORJUDP"
3UREDELOLW\ ��PDUNV $WW�����E���LY� 1XPEHU�RI�TXDGULODWHUDOV� ����� 6ROXWLRQ�IURP�SDUW��E���LL��1XPEHU�RI�SDUDOOHORJUDPV� � 6ROXWLRQ�IURP�SDUW��E���LLL��?1XPEHU�RI�TXDGULODWHUDOV�QRW�SDUDOOHORJUDPV� ������ ���3UREDELOLW\�� �������  
%OXQGHUV�����%� SRVVLEOH�DQG�IDYRXUDEOH�RXWFRPHV�IRXQG�EXW�SUREDELOLW\�QRW�JLYHQ�
6OLSV�����6� DULWKPHWLF�HUURU�
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