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'ŽŽĚ�ĂĨƚĞƌŶŽŽŶ��ŶŶĂ͕�
�
WƌĞ� �ĞǀĞůŽƉŵĞŶƚ� �ŶƋƵŝƌǇ� ĨŽƌ� ͗� ,ŽůůǇ� DŽƵŶƚ� &Ăƌŵ͕� 'ƌĞĞŶŵŽƵŶƚ͕� �ƵƌǇ� ͕� �>ϴ� ϰ,Whh� ƌĞĨĞƌĞŶĐĞ� EƵŵďĞƌ�
͗��ϰϮϬϬϬϰϳϳϵϴ�
�
tĞ�ŚĂǀĞ�ĐĂƌƌŝĞĚ�ŽƵƚ�ĂŶ�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ǇŽƵƌ�ĂƉƉůŝĐĂƚŝŽŶ�ǁŚŝĐŚ�ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽǀŝĚĞĚ͘�dŚŝƐ�ƉƌĞͲĚĞǀĞůŽƉŵĞŶƚ�
ĂĚǀŝĐĞ�ŽŶ�ǇŽƵƌ�ĚƌĂŝŶĂŐĞ�ƐƚƌĂƚĞŐǇ�ǁŝůů�ďĞ�ǀĂůŝĚ�ĨŽƌ�ϭϮ�ŵŽŶƚŚƐ͘�zŽƵƌ�ĚƌĂŝŶĂŐĞ�ƐƚƌĂƚĞŐǇ�ǁŝůů�ŶĞĞĚ�ƚŽ�ďĞ�ƌĞǀŝĞǁĞĚ�ďǇ�ŽƚŚĞƌ�
ĐŽŵƉĞƚĞŶƚ�ĂƵƚŚŽƌŝƚŝĞƐ�ĂƐ�ƉĂƌƚ�ŽĨ�ƚŚĞ�ƉůĂŶŶŝŶŐ�ƉƌŽĐĞƐƐ͕�ĂŶĚ�ǁĞ�ĂĚǀŝƐĞ�ƚŚĂƚ�ǇŽƵ�ĐĂƌƌǇ�ŽƵƚ�ƚŚĞ�ŶĞĐĞƐƐĂƌǇ�ƐŝƚĞ�ŝŶǀĞƐƚŝŐĂƚŝŽŶƐ�
ƚŽ�ĐŽŶĨŝƌŵ�ƚŚĞ�ǀŝĂďŝůŝƚǇ�ŽĨ�ǇŽƵƌ�ƉƌŽƉŽƐĂůƐ͘�
�
/Ĩ�ǇŽƵƌ�ŝŶǀĞƐƚŝŐĂƚŝŽŶƐ�ƌĞƋƵŝƌĞ�ĂĐĐĞƐƐ�ƚŽ�ŽƵƌ�ƉƵďůŝĐ�ƐĞǁĞƌ�ŶĞƚǁŽƌŬ͕�ǁĞ�ĂƐŬ�ƚŚĂƚ�ǇŽƵ�ĐŽŶƚĂĐƚ�ŽƵƌ�ŶĞƚǁŽƌŬ�ĞŶŐŝŶĞĞƌƐ�ǁŝƚŚ�Ă�
ƌĞƋƵĞƐƚ�ĨŽƌ�ĂŶ�ĂĐĐĞƐƐ�ĐĞƌƚŝĨŝĐĂƚĞ�ǀŝĂ�ŽƵƌ�ŵĂŝŶ�ĐŽŶƚĂĐƚ�ƚĞůĞƉŚŽŶĞ�ŶƵŵďĞƌ�Ϭϯϰϱ�ϲϳϮϯ�ϳϮϯ�Žƌ�ƌĞĨĞƌ�ƚŽ�ƚŚĞ�ůŝŶŬ�ďĞůŽǁ͗�
�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƵŶŝƚĞĚƵƚŝůŝƚŝĞƐ͘ĐŽŵͬďƵŝůĚĞƌƐͲĚĞǀĞůŽƉĞƌƐͬǁŽƌŬŝŶŐͲŶĞĂƌͲŽƵƌͲĂƐƐĞƚƐͬ�
�
&ŽƵů�tĂƚĞƌ�
�
&ŽƵů�ĨůŽǁ�ĨƌŽŵ�ƚŚŝƐ�ƐŝƚĞ�ǁŝůů�ďĞ�ĂůůŽǁĞĚ�ƚŽ�ĚƌĂŝŶ�ŝŶƚŽ�ƚŚĞ�ƉƵďůŝĐ�ĨŽƵů�ǁĂƚĞƌͬĐŽŵďŝŶĞĚ�ƐĞǁĞƌ�ƐǇƐƚĞŵ͘��
�
KƵƌ�ƉƌĞĨĞƌƌĞĚ�ƉŽŝŶƚ�ŽĨ�ĚŝƐĐŚĂƌŐĞ�ǁŽƵůĚ�ďĞ�ƚŽ�ƚŚĞ�ϭϱϬŵŵ�ĚŝĂŵĞƚĞƌ�ƉƵďůŝĐ�ĐŽŵďŝŶĞĚ�ƐĞǁĞƌ�ǁŝƚŚŝŶ�ƚŚĞ�ƐŝƚĞ�ďŽƵŶĚĂƌǇ�Ăƚ�ĂŶ�
ƵŶƌĞƐƚƌŝĐƚĞĚ�ƌĂƚĞ͘��
�
/Ĩ�ǇŽƵ�ĂƌĞ�ĂďůĞ�ƚŽ�ŝĚĞŶƚŝĨǇ�ĂŶ�ĂůƚĞƌŶĂƚŝǀĞ͕�ŵŽƌĞ�ƐƵŝƚĂďůĞ�ƉŽŝŶƚ�ŽĨ�ĚŝƐĐŚĂƌŐĞ͕�ǁĞ�ƌĞƋƵĞƐƚ�ƚŚĂƚ�ǇŽƵ�ĐŽŶƚĂĐƚ�ƵƐ�Ăƚ�ǇŽƵƌ�ĞĂƌůŝĞƐƚ�
ĐŽŶǀĞŶŝĞŶĐĞ�ƐŽ�ƚŚĂƚ�ǁĞ�ĐĂŶ�ĂƐƐĞƐƐ�ƐƵŝƚĂďŝůŝƚǇ͘�
�
/Ŷ�ĂĐĐŽƌĚĂŶĐĞ�ǁŝƚŚ�ŽƵƌ�ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ�ƉůĂŶƐ�ǁĞ�ŵĂǇ�ĂƐŬ�ǇŽƵ�ƚŽ�ĐŚĂŶŐĞ�ǇŽƵƌ�ƉŽŝŶƚ�ŽĨ�ĐŽŶŶĞĐƚŝŽŶ͘�dŚĞƌĞĨŽƌĞ�ƉůĞĂƐĞ�ĐŽŶƚĂĐƚ�
ƵƐ�ǁŚĞŶ�ǇŽƵ�ĂƌĞ�ƌĞĂĚǇ�ƚŽ�ĨŽƌŵĂůŝƐĞ�ǇŽƵƌ�ĚƌĂŝŶĂŐĞ�ƉƌŽƉŽƐĂůƐ͕�ǁĞ�ǁŽƵůĚ�ƐƵŐŐĞƐƚ�ďĞĨŽƌĞ�ǇŽƵ�ƐƵďŵŝƚ�ĨŽƌ�&Ƶůů�WůĂŶŶŝŶŐ͘��
�
^ƵƌĨĂĐĞ�tĂƚĞƌ��
�
�ůů�ƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ĨůŽǁ�ĨƌŽŵ�ƚŚĞ�ƉƌŽƉŽƐĞĚ�ĚĞǀĞůŽƉŵĞŶƚ�ƐŚŽƵůĚ�ĚƌĂŝŶ�ŝŶͲůŝŶĞ�ǁŝƚŚ�ƚŚĞ�ĚƌĂŝŶĂŐĞ�ŚŝĞƌĂƌĐŚǇ͕�ĂƐ�ŽƵƚůŝŶĞĚ�ŝŶ�
WĂƌĂŐƌĂƉŚ�ϴϬ͕� ;ZĞĨĞƌĞŶĐĞ� /�͗�ϳͲϬϴϬͲϮϬϭϱϬϯϮϯͿ͕�ŽĨ� ƚŚĞ�EĂƚŝŽŶĂů�WůĂŶŶŝŶŐ�WƌĂĐƚŝĐĞ�'ƵŝĚĂŶĐĞ͘�tĞ�ĂůƐŽ� ƌĞĐŽŵŵĞŶĚ�ǇŽƵ�
ƉƌŝŽƌŝƚŝƐĞ�ƚŚĞ�ƵƐĞ�ŽĨ�ŵƵůƚŝͲĨƵŶĐƚŝŽŶĂů�ƐƵƐƚĂŝŶĂďůĞ�ĚƌĂŝŶĂŐĞ�ƐǇƐƚĞŵƐ�ĨŽƌ�ƚŚĞ�ŵĂŶĂŐĞŵĞŶƚ�ŽĨ�ƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ŝŶ�ĂĐĐŽƌĚĂŶĐĞ�
ǁŝƚŚ�ŶĂƚŝŽŶĂů�ƉůĂŶŶŝŶŐ�ƉŽůŝĐǇ͘���
�
'ĞŶĞƌĂůůǇ͕�ƚŚĞ�Ăŝŵ�ƐŚŽƵůĚ�ďĞ�ƚŽ�ĚŝƐĐŚĂƌŐĞ�ƐƵƌĨĂĐĞ�ƌƵŶ�ŽĨĨ�ĂƐ�ŚŝŐŚ�ƵƉ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ŚŝĞƌĂƌĐŚǇ�ŽĨ�ĚƌĂŝŶĂŐĞ�ŽƉƚŝŽŶƐ�ĂƐ�
ƌĞĂƐŽŶĂďůǇ�ƉƌĂĐƚŝĐĂďůĞ͘�
dŚŝƐ�ŝƐ�ŽƵƚůŝŶĞĚ�ĂƐ�ĨŽůůŽǁƐ͕�ŝŶ�ŽƌĚĞƌ�ŽĨ�ƉƌŝŽƌŝƚǇ͗�

ϭ͘� ŝŶƚŽ�ƚŚĞ�ŐƌŽƵŶĚ�;ŝŶĨŝůƚƌĂƚŝŽŶͿ͖�����

Ϯ͘� ƚŽ�Ă�ƐƵƌĨĂĐĞ�ǁĂƚĞƌďŽĚǇ͖�



�

ϯ͘� ƚŽ�Ă�ƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ƐĞǁĞƌ�Žƌ�ŚŝŐŚǁĂǇ�ĚƌĂŝŶ͖�

ϰ͘� ƚŽ�Ă�ĐŽŵďŝŶĞĚ�ƐĞǁĞƌ͘�

&Žƌ�ŐƵŝĚĂŶĐĞ͕�dŚĞ�EŽƌƚŚ�tĞƐƚ�^Ƶ�^�WƌŽͲ&ŽƌŵĂ�ƉƌŽǀŝĚĞƐ�ŝŶĨŽƌŵĂƚŝŽŶ�ŽŶ�ƚŚĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ĞǀŝĚĞŶĐĞ�ƌĞƋƵŝƌĞĚ�Ăƚ�ĞĂĐŚ�ƐƚĂŐĞ�
ŽĨ�ƚŚĞ�ŚŝĞƌĂƌĐŚǇ͕�ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ŚŽǁ�ĞĂĐŚ�ůĞǀĞů�ŚĂƐ�ďĞĞŶ�ĚŝƐĐŽƵŶƚĞĚ͘��
�
dŚĞ�>ĞĂĚ�>ŽĐĂů�&ůŽŽĚ��ƵƚŚŽƌŝƚǇ�ŚĂƐ�ƌĞƐƉŽŶƐŝďŝůŝƚǇ�ĨŽƌ�Ăůů�ƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ĚƌĂŝŶĂŐĞ�ĐŽŶĐĞƌŶƐ�ĂŶĚ�ƚŚĞŝƌ�ŝŶƉƵƚ�ƚŽ�ǇŽƵƌ�ƉƌŽƉŽƐĂů�
ŝƐ�ĐƌŝƚŝĐĂů͘�zŽƵ�ƐŚŽƵůĚ�ĂůƐŽ�ĐŽŶƐŝĚĞƌ�ǁŚĞƚŚĞƌ� ŝƚ� ŝƐ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ĚŝƐĐƵƐƐ�ǇŽƵƌ�ƉƌŽƉŽƐĂů�ǁŝƚŚ�ƚŚĞ��ŶǀŝƌŽŶŵĞŶƚ��ŐĞŶĐǇ͕�Žƌ�
/ŶƚĞƌŶĂů��ƌĂŝŶĂŐĞ��ŽĂƌĚ�;ŝĨ�ŽƉĞƌĂƚŝŶŐ�ŝŶ�ǇŽƵƌ�ĂƌĞĂͿ͘�
�
dŚĞ� >ŽĐĂů� WůĂŶŶŝŶŐ� �ƵƚŚŽƌŝƚǇ� ĂƌĞ� ƚŚĞ� ĚĞƚĞƌŵŝŶŝŶŐ� ĂƵƚŚŽƌŝƚǇ� ĨŽƌ� ĂŶǇ� ĂƉƉůŝĐĂƚŝŽŶ� ĨŽƌ� ƉůĂŶŶŝŶŐ� ƉĞƌŵŝƐƐŝŽŶ� ĂŶĚ� ƚŚĞ�
ĂƉƉƌŽƉƌŝĂƚĞ�ĂƵƚŚŽƌŝƚǇ�ĨŽƌ�ĚĞƚĞƌŵŝŶŝŶŐ�ĐŽƐƚ�ǀŝĂďŝůŝƚǇ�ŽĨ�Ă�ƉƌŽƉŽƐĞĚ�ĚƌĂŝŶĂŐĞ�ƐĐŚĞŵĞ͕�ƐƵĐŚ�ĂƐƐĞƐƐŵĞŶƚƐ�ĂƌĞ�ŽƵƚƐŝĚĞ�ŽĨ�ƚŚĞ�
ũƵƌŝƐĚŝĐƚŝŽŶ�ŽĨ�hŶŝƚĞĚ�hƚŝůŝƚŝĞƐ͘�
�
/ŶĨŝůƚƌĂƚŝŽŶ�
�
^ƵƌĨĂĐĞ�ǁĂƚĞƌ� ƌƵŶŽĨĨ� ŐĞŶĞƌĂƚĞĚ� ĨƌŽŵ� ƚŚŝƐ� ĚĞǀĞůŽƉŵĞŶƚ� ƐŚŽƵůĚ�ĚŝƐĐŚĂƌŐĞ� ƚŽ� ƚŚĞ� ŐƌŽƵŶĚ� ǀŝĂ� ŝŶĨŝůƚƌĂƚŝŽŶ� ƐǇƐƚĞŵ�ǁŚĞƌĞ�
ĨĞĂƐŝďůĞ͘���
�
��ĚĞƚĂŝůĞĚ�ĞǀŝĚĞŶĐĞ�ďĂƐĞĚ�ĨĞĂƐŝďŝůŝƚǇ�ĂƐƐĞƐƐŵĞŶƚ�ŵƵƐƚ�ďĞ�ĐĂƌƌŝĞĚ�ŽƵƚ�ŝŶ�ůŝŶĞ�ǁŝƚŚ��ŚĂƉƚĞƌ�Ϯϱ�ŽĨ�ƚŚĞ��/Z/��^Ƶ�^�DĂŶƵĂů�
ϮϬϭϱ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�ŝŶĨŝůƚƌĂƚŝŽŶ�ŝƐ�Ă�ƐƵŝƚĂďůĞ�ŵĞƚŚŽĚ�ŽĨ�ƐƵƌĨĂĐĞ�ǁĂƚĞƌ�ĚŝƐƉŽƐĂů͘��
�
WĂƌƚŝĐƵůĂƌ�ĂƚƚĞŶƚŝŽŶ�ŵƵƐƚ�ďĞ�ƉĂŝĚ�ƚŽ�'ƌŽƵŶĚ�tĂƚĞƌ�^ŽƵƌĐĞ�WƌŽƚĞĐƚŝŽŶ��ŽŶĞƐ�ƚŽ�ĞŶƐƵƌĞ�ƚŚĂƚ�ƚŚĞ�ƌŝƐŬ�ŽĨ�ƉŽůůƵƚŝŽŶ�ƚŽ�ƚŚĞƐĞ�
ǀĂůƵĂďůĞ�ƌĞƐŽƵƌĐĞƐ�ŝƐ�ŶŽƚ�ĐŽŵƉƌŽŵŝƐĞĚ͘��ĞƚĂŝůƐ�ĐĂŶ�ďĞ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�ŐŽǀĞƌŶŵĞŶƚ�ǁĞďƐŝƚĞ͗�
�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ŐŽǀ͘ƵŬͬŐƵŝĚĂŶĐĞͬŐƌŽƵŶĚǁĂƚĞƌͲƐŽƵƌĐĞͲƉƌŽƚĞĐƚŝŽŶͲǌŽŶĞƐͲƐƉǌƐηĨŝŶĚͲŐƌŽƵŶĚǁĂƚĞƌͲƐƉǌƐ�
�
/Ĩ�ǇŽƵƌ�ƐŝƚĞ�ŝƐ�ŝŶ�Ă�'ƌŽƵŶĚǁĂƚĞƌ�^ŽƵƌĐĞ�WƌŽƚĞĐƚŝŽŶ��ŽŶĞ͕�ǇŽƵ�ƐŚŽƵůĚ�ŚĂǀĞ�ƌĞŐĂƌĚ�ƚŽ�ƚŚĞ��ŶǀŝƌŽŶŵĞŶƚ��ŐĞŶĐǇ͛Ɛ�ĂƉƉƌŽĂĐŚ�
ƚŽ�'ƌŽƵŶĚǁĂƚĞƌ�WƌŽƚĞĐƚŝŽŶ͘�/ŶĨŽƌŵĂƚŝŽŶ�ŽŶ�ƚŚŝƐ�ŝƐ�ĂǀĂŝůĂďůĞ�ǀŝĂ�ƚŚĞ�ůŝŶŬ�ďĞůŽǁ͗��
�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ŐŽǀ͘ƵŬͬŐŽǀĞƌŶŵĞŶƚͬƉƵďůŝĐĂƚŝŽŶƐͬŐƌŽƵŶĚǁĂƚĞƌͲƉƌŽƚĞĐƚŝŽŶͲƉŽƐŝƚŝŽŶͲƐƚĂƚĞŵĞŶƚƐ���
�
WůĞĂƐĞ�ŶŽƚĞ�ƚŚĂƚ�ƐƵĐŚ�Ă�ůŽĐĂƚŝŽŶ�ĐŽƵůĚ�ŚĂǀĞ�ŝŵƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�ƚŚĞ�ƉƌŝŶĐŝƉůĞ�ŽĨ�ǇŽƵƌ�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ĂĚĚŝƚŝŽŶĂů
ŵŝƚŝŐĂƚŝŶŐ�ŵĞĂƐƵƌĞƐ�ƚŽ�ƉƌŽƚĞĐƚ�ƚŚĞ�ŐƌŽƵŶĚǁĂƚĞƌ�ĞŶǀŝƌŽŶŵĞŶƚ�ĂŶĚ�ƉƵďůŝĐ�ǁĂƚĞƌ�ƐƵƉƉůǇ�ŝŶ�ƚŚĞ�ĚĞƚĂŝůĞĚ�ĚĞƐŝŐŶ�ŽĨ�ǇŽƵƌ�ƐŝƚĞ͘�
�
tĂƚĞƌďŽĚǇ��
�
/Ĩ�ĂŶ�ĞǀŝĚĞŶĐĞ�ďĂƐĞĚ�ĂƐƐĞƐƐŵĞŶƚ�ŚĂƐ�ďĞĞŶ�ĐĂƌƌŝĞĚ�ŽƵƚ�ĂŶĚ�ĐŽŶĨŝƌŵƐ�ƚŚĂƚ�ŝŶĨŝůƚƌĂƚŝŽŶ�ŝƐ�ŶŽƚ�ĨĞĂƐŝďůĞ͕�ǁĞ�ƌĞĐŽŵŵĞŶĚ�ƚŚĂƚ�
ǇŽƵ�ĐŽŶƚĂĐƚ�ƚŚĞ�>ĞĂĚ�>ŽĐĂů�&ůŽŽĚ��ƵƚŚŽƌŝƚǇ�ĂŶĚͬŽƌ��ŶǀŝƌŽŶŵĞŶƚ��ŐĞŶĐǇ�ƚŽ�ĚŝƐĐƵƐƐ�Ă�ƉŽŝŶƚ�ŽĨ�ĚŝƐĐŚĂƌŐĞ�ƚŽ�ƚŚĞ�ǁĂƚĞƌĐŽƵƌƐĞ�
ůŽĐĂƚĞĚ�ŝŶ�ϭϬϬŵ�^ŽƵƚŚ�ŽĨ�ƚŚĞ�ƉƌŽƉŽƐĞĚ�ƐŝƚĞ͘�
�
tĞ�ǁŽƵůĚ�ĞŶĐŽƵƌĂŐĞ�ǇŽƵ�ƚŽ�ŝĚĞŶƚŝĨǇ�ĂŶĚ�ĞŶŐĂŐĞ�ǁŝƚŚ�ĂŶǇ�ƚŚŝƌĚ�ƉĂƌƚǇ�ůĂŶĚŽǁŶĞƌ�ĂŶĚ�ƌŝƉĂƌŝĂŶ�ŽǁŶĞƌ�ƚŽ�ĂŐƌĞĞ�ĂĐĐĞƐƐ�ĂŶĚ�
ĚŝƐĐŚĂƌŐĞ�ƌŝŐŚƚƐ�ƚŽ�ƚŚĞ�ǁĂƚĞƌ�ďŽĚǇ�ŝĨ�ƚŚŝƐ�ŝƐ�ŶŽƚ�ŝŶ�ǇŽƵƌ�ŽǁŶĞƌƐŚŝƉ͘�
�
,ŝŐŚǁĂǇ��ƌĂŝŶĂŐĞ��
�
/Ĩ�ĂŶ�ĞǀŝĚĞŶĐĞ�ďĂƐĞĚ�ĂƐƐĞƐƐŵĞŶƚ�ŚĂƐ�ďĞĞŶ�ĐĂƌƌŝĞĚ�ŽƵƚ�ĂŶĚ�ĐŽŶĨŝƌŵƐ�ƚŚĂƚ�ŝŶĨŝůƚƌĂƚŝŽŶ�ŝƐ�ŶŽƚ�ĨĞĂƐŝďůĞ͕�ǁĞ�ƌĞĐŽŵŵĞŶĚ�ƚŚĂƚ�
ǇŽƵ� ŝŶǀĞƐƚŝŐĂƚĞ� ƚŚĞ� ƉŽƐƐŝďŝůŝƚǇ� ŽĨ� ĚƌĂŝŶŝŶŐ� ƐƵƌĨĂĐĞ�ǁĂƚĞƌ� ƚŽ� ƚŚĞ� ŚŝŐŚǁĂǇ� ĚƌĂŝŶ� ǁŚĞƌĞ� ƚŚŝƐ� ƵůƚŝŵĂƚĞůǇ� ĚŝƐĐŚĂƌŐĞƐ� ƚŽ� Ă�
ǁĂƚĞƌĐŽƵƌƐĞ͕�ďǇ�ĐŽŶƚĂĐƚŝŶŐ�ƚŚĞ�ƌĞůĞǀĂŶƚ�,ŝŐŚǁĂǇ��ƵƚŚŽƌŝƚǇ͘���
� �



�

WƵďůŝĐ�^ĞǁĞƌ��
�
/Ŷ�ĂĐĐŽƌĚĂŶĐĞ�ǁŝƚŚ�ƚŚĞ�ŚŝĞƌĂƌĐŚǇ�ŽĨ�ĚƌĂŝŶĂŐĞ�ŽƉƚŝŽŶƐ�ǁŝƚŚŝŶ�ƚŚĞ�EĂƚŝŽŶĂů�WůĂŶŶŝŶŐ�WƌĂĐƚŝĐĞ�'ƵŝĚĂŶĐĞ͕�ďŽƚŚ�ĚŝƐĐŚĂƌŐĞ�ƚŽ�
ŐƌŽƵŶĚ�ǀŝĂ�ŝŶĨŝůƚƌĂƚŝŽŶ�ĂŶĚ�ĚŝƐĐŚĂƌŐĞ�ƚŽ�Ă�ǁĂƚĞƌďŽĚǇ�ƐŚŽƵůĚ�ďĞ�ĚŝƐĐŽƵŶƚĞĚ�ƉƌŝŽƌ�ƚŽ�ĐŽŶƐŝĚĞƌĂƚŝŽŶ�ŽĨ�ĚŝƐĐŚĂƌŐŝŶŐ�ƐƵƌĨĂĐĞ�
ǁĂƚĞƌ� ƚŽ�ƚŚĞ�ƉƵďůŝĐ�ƐĞǁĞƌ�ƐǇƐƚĞŵ͘��ǀŝĚĞŶĐĞ�ƐŚŽƵůĚ�ďĞ�ƉƌŽǀŝĚĞĚ�ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ŚŽǁ�ƚŚĞƐĞ�ŚĂǀĞ�ďĞĞŶ�ĚŝƐĐŽƵŶƚĞĚ͕�ĂƐ�
ŽƵƚůŝŶĞĚ�ŝŶ�ƚŚĞ�EŽƌƚŚ�tĞƐƚ�^Ƶ�^�ƉƌŽͲĨŽƌŵĂ͘��
�
KŶĐĞ�ĞǀŝĚĞŶĐĞ�ŝƐ�ƉƌŽǀŝĚĞĚ�ĂƐ�ŽƵƚůŝŶĞĚ�ĂďŽǀĞ͕�hŶŝƚĞĚ�hƚŝůŝƚŝĞƐ�ǁŝůů�ĐŽŶƐŝĚĞƌ�Ă�ĐŽŶŶĞĐƚŝŽŶ�ƚŽ�ƚŚĞ�ϭϱϬŵŵ�ĚŝĂŵĞƚĞƌ�ƉƵďůŝĐ�
ĐŽŵďŝŶĞĚ�ƐĞǁĞƌ�ǁŝƚŚŝŶ�ƚŚĞ�ƐŝƚĞ�ďŽƵŶĚĂƌǇ�ŽĨ�ƚŚĞ�ƉƌŽƉŽƐĞĚ�ƐŝƚĞ�Ăƚ�Ă�ƉĂƐƐ�ĨŽƌǁĂƌĚ�ĨůŽǁ�ƚŽ�ďĞ�ĂŐƌĞĞĚ�ďǇ�ƚŚĞ�>ĞĂĚ�>ŽĐĂů�&ůŽŽĚ�
�ƵƚŚŽƌŝƚǇ͘�hŶŝƚĞĚ�hƚŝůŝƚŝĞƐ�ƌĞƋƵĞƐƚ�ƚŚĂƚ�ĂŶǇ�ĂŐƌĞĞĚ�ƌĂƚĞ�ĚŽĞƐ�ŶŽƚ�ĞǆĐĞĞĚ�ϲůͬƐ͘�
�
�Ɛ�Ă�tĂƚĞƌ��ŽŵƉĂŶǇ͕�ǁĞ�ŚĂǀĞ�ŶŽ�ŽďůŝŐĂƚŝŽŶ�ƚŽ�ĂĐĐĞƉƚ�ŚŝŐŚǁĂǇ�ĚƌĂŝŶĂŐĞ�ŝŶƚŽ�ŽƵƌ�ƉƵďůŝĐ�ƐĞǁĞƌ�ŶĞƚǁŽƌŬ͘�,ŽǁĞǀĞƌ͕�ƐŚŽƵůĚ�
ǇŽƵƌ�ƉƌŽƉŽƐĂůƐ� ŝŶĐůƵĚĞ�ƌƵŶŽĨĨ� ĨƌŽŵ�ŚŝŐŚǁĂǇƐ͕�ǁĞ�ǁŽƵůĚ�ƌĞƋƵĞƐƚ�ƚŚĂƚ�ĐŽŶƐŝĚĞƌĂƚŝŽŶ� ŝƐ�ŐŝǀĞŶ�ƚŽ�^Ƶ�^�ĐŽŵƉŽŶĞŶƚƐ�ƚŚĂƚ�
ĚĞůŝǀĞƌ�ƐŽƵƌĐĞ�ĐŽŶƚƌŽů�ĂƌĞ�ŝŶĐŽƌƉŽƌĂƚĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ƚŚĞ�ƐĐŚĞŵĞ�ƚŽ�ƌĞĚƵĐĞ�ƚŚĞ�ǀŽůƵŵĞ�ĂŶĚ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ĚŝƐĐŚĂƌŐĞƐ�
ŽĨ�ƚŚĞƐĞ�ĨůŽǁƐ�ƚŽ�ƚŚĞ�ƉƵďůŝĐ�ƐĞǁĞƌ͘��
�
�
>ĞǀĞůƐ�
�
&Žƌ�ůŽǁͲůǇŝŶŐ�ƐŝƚĞƐ͕�;ǁŚĞƌĞ�ƚŚĞ�ŐƌŽƵŶĚ�ůĞǀĞů�ŽĨ�ƚŚĞ�ƐŝƚĞ�Žƌ�ƚŚĞ�ůĞǀĞů�ŽĨ�Ă�ďĂƐĞŵĞŶƚ�ŝƐ�ďĞůŽǁ�ƚŚĞ�ŐƌŽƵŶĚ�ůĞǀĞů�Ăƚ�ƚŚĞ�ƉŽŝŶƚ�
ǁŚĞƌĞ�ƚŚĞ�ĚƌĂŝŶĂŐĞ�ĐŽŶŶĞĐƚƐ�ƚŽ�ƚŚĞ�ƉƵďůŝĐ�ƐĞǁĞƌͿ͕�ĐĂƌĞ�ƐŚŽƵůĚ�ďĞ�ƚĂŬĞŶ�ƚŽ�ĞŶƐƵƌĞ�ƚŚĂƚ�ƚŚĞ�ƉƌŽƉĞƌƚǇ�ŝƐ�ŶŽƚ�Ăƚ�ŝŶĐƌĞĂƐĞĚ�
ƌŝƐŬ�ŽĨ�ĨůŽŽĚŝŶŐ͘��/Ĩ�ƚŚĞƐĞ�ĐŝƌĐƵŵƐƚĂŶĐĞƐ�ĞǆŝƐƚ͕�ǁĞ�ƌĞĐŽŵŵĞŶĚ�ƚŚĂƚ�ǇŽƵ�ĐŽŶƚĂĐƚ�ƵƐ�ƚŽ�ĚŝƐĐƵƐƐ�ĨƵƌƚŚĞƌ͘��/ƚ�ĐŽƵůĚ�ĂĨĨĞĐƚ�ƚŚĞ�
ĚĞƚĂŝůĞĚ� ĚĞƐŝŐŶ� ŽĨ� ǇŽƵƌ� ƐŝƚĞ� ĂŶĚ� ƌĞƐƵůƚ� ŝŶ� ƚŚĞ� ŶĞĞĚ� ƚŽ� ŝŶĐŽƌƉŽƌĂƚĞ� ĂƉƉƌŽƉƌŝĂƚĞ�ŵŝƚŝŐĂƚŝŶŐ�ŵĞĂƐƵƌĞƐ� ŝŶ� ǇŽƵƌ� ĚƌĂŝŶĂŐĞ�
ƐĐŚĞŵĞ͘�����
�
>ĂŶĚ�ĚƌĂŝŶĂŐĞ�ͬ�KǀĞƌůĂŶĚ�ĨůŽǁƐ�ͬ�ƚƌĂĐŬ�ĚƌĂŝŶĂŐĞ��
�
hŶŝƚĞĚ�hƚŝůŝƚŝĞƐ�ŚĂǀĞ�ŶŽ�ŽďůŝŐĂƚŝŽŶ͕�ĂŶĚ�ĨƵƌƚŚĞƌŵŽƌĞ�ǁĞ�ĚŽ�ŶŽƚ�ĂĐĐĞƉƚ�ůĂŶĚ�ĚƌĂŝŶĂŐĞ͕�ŽǀĞƌůĂŶĚ�ĨůŽǁƐ�Žƌ�ƚƌĂĐŬ�ĚƌĂŝŶĂŐĞ�
ŝŶƚŽ�ƚŚĞ�ƉƵďŝĐ�ƐĞǁĞƌĂŐĞ�ŶĞƚǁŽƌŬ�ƵŶĚĞƌ�ĂŶǇ�ĐŝƌĐƵŵƐƚĂŶĐĞƐ�
�
��������������������
�ǆŝƐƚŝŶŐ�tĂƐƚĞǁĂƚĞƌ��ƐƐĞƚƐ��ƌŽƐƐŝŶŐ�ƚŚĞ�^ŝƚĞ�
�
�ĐĐŽƌĚŝŶŐ� ƚŽ� ŽƵƌ� ƉƵďůŝĐ� ƐĞǁĞƌ� ƌĞĐŽƌĚƐ� ƚŚĞƌĞ� ĂƌĞ� ƉƵďůŝĐ� ƐĞǁĞƌƐ� ůŽĐĂƚĞĚ� ǁŝƚŚŝŶ� ǇŽƵƌ� ƐŝƚĞ� ďŽƵŶĚĂƌǇ͘� tĞ� ǁŝůů� ƌĞƋƵŝƌĞ�
ƵŶƌĞƐƚƌŝĐƚĞĚ�ĂĐĐĞƐƐ�ƚŽ�ƚŚĞ�ƐĞǁĞƌ�ĨŽƌ�ŵĂŝŶƚĞŶĂŶĐĞ�ƉƵƌƉŽƐĞƐ͕�ǁĞ�ǁŽƵůĚ�ĂƐŬ�ƚŚĂƚ�ǇŽƵ�ŵĂŝŶƚĂŝŶ�Ă�ŵŝŶŝŵƵŵ�ĐůĞĂƌĂŶĐĞ�ŽĨ��ϲŵ�
ǁŚŝĐŚ�ŝƐ�ŵĞĂƐƵƌĞĚ�ϯŵ�ĨƌŽŵ�ƚŚĞ�ĐĞŶƚƌĞ�ůŝŶĞ�ŽĨ�ƚŚĞ�ƉŝƉĞ�ƵŶůĞƐƐ�ƚŚĞƌĞ�ŚĂƉƉĞŶƐ�ƚŽ�ďĞ�Ă�ĨŽƌŵĂů�ĞĂƐĞŵĞŶƚ�ĂŐƌĞĞŵĞŶƚ�ŝŶ�ƉůĂĐĞ͕�
ŝŶ�ǁŚŝĐŚ� ĐĂƐĞ� ƚŚĞ� ƐƉĞĐŝĨŝĞĚ� ĞĂƐĞŵĞŶƚ�ǁŝĚƚŚ�ǁŽƵůĚ� ĂƉƉůǇ͘� /Ĩ� ǇŽƵ� ĐĂŶŶŽƚ� ĂĐŚŝĞǀĞ� ƚŚŝƐ� ƚŚĞŶ� ǇŽƵ�ŵĂǇ�ǁŝƐŚ� ƚŽ� ĐŽŶƐŝĚĞƌ�
ĚŝǀĞƌƚŝŶŐ�ĂŶĚ�Žƌ�ĂďĂŶĚŽŶŝŶŐ�ƚŚĞ�ƉƵďůŝĐ�ƐĞǁĞƌ͘��
�
WůĞĂƐĞ�ďĞ�ĂǁĂƌĞ�ƚŚĂƚ�ĂŶǇ�ƉƌŽƉŽƐĞĚ�ĚŝǀĞƌƐŝŽŶ�ŵĂǇ�ƌĞƋƵŝƌĞ�ŵŽĚĞůůŝŶŐ͘�dŚŝƐ�ƉƌŽĐĞƐƐ�ŵĂǇ�ƚĂŬĞ�ƵƉ�ƚŽ�ϲ�ŵŽŶƚŚƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�
ƌĞĂĐŚ�ĂŶ�ĂĐĐĞƉƚĂďůĞ�ĚĞƐŝŐŶ͘��
�
WůĞĂƐĞ�ƌĞĨĞƌ�ƚŽ�ƚŚĞ�ůŝŶŬ�ďĞůŽǁ�ƚŽ�ŽďƚĂŝŶ�ĨƵůů�ĚĞƚĂŝůƐ�ŽĨ�ƚŚĞ�ƉƌŽĐĞƐƐĞƐ�ŝŶǀŽůǀĞĚ�ǁŝƚŚ�ƐĞǁĞƌ�ĚŝǀĞƌƐŝŽŶƐ͗�
��
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƵŶŝƚĞĚƵƚŝůŝƚŝĞƐ͘ĐŽŵͬďƵŝůĚĞƌƐͲĚĞǀĞůŽƉĞƌƐͬůĂƌŐĞƌͲĚĞǀĞůŽƉŵĞŶƚƐͬǁĂƐƚĞǁĂƚĞƌͬƐĞǁĞƌͲĚŝǀĞƌƐŝŽŶƐͬ��
�
�ǆŝƐƚŝŶŐ�tĂƚĞƌ��ƐƐĞƚƐ��ƌŽƐƐŝŶŐ�ƚŚĞ�^ŝƚĞ��
�
/ƚ�ŝƐ�ƚŚĞ�ĚĞǀĞůŽƉĞƌ�ƌĞƐƉŽŶƐŝďŝůŝƚǇ�ƚŽ�ŝĚĞŶƚŝĨǇ�ƵƚŝůŝƚŝĞƐ�ŽŶͲƐŝƚĞ͘�tŚĞƌĞ�ĐůĞĂŶ�ǁĂƚĞƌ�ĂƐƐĞƚƐ�ĂƌĞ�ƐŚŽǁŶ�ŽŶ�ŽƵƌ�ƌĞĐŽƌĚƐ͕�ǁĞ�
ƌĞĐŽŵŵĞŶĚ�ƚŚĂƚ�ǇŽƵ�ĐŽŶƚĂĐƚ�ŽƵƌ�tĂƚĞƌ�WƌĞͲ�ĞǀĞůŽƉŵĞŶƚ�dĞĂŵ͕�ǀŝĂ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ĞŵĂŝů�ĂĚĚƌĞƐƐ͗�
�ĞǀĞůŽƉĞƌ^ĞƌǀŝĐĞƐtĂƚĞƌΛƵƵƉůĐ͘ĐŽ͘ƵŬ͘�&ƵƌƚŚĞƌ�ŝŶĨŽƌŵĂƚŝŽŶ�ĨŽƌ�ƚŚŝƐ�ƐĞƌǀŝĐĞ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŽŶ�ŽƵƌ�ǁĞďƐŝƚĞ�ǀŝĂ�ƚŚĞ�ůŝŶŬ�
ďĞůŽǁ͗��



�

�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƵŶŝƚĞĚƵƚŝůŝƚŝĞƐ͘ĐŽŵͬďƵŝůĚĞƌƐͲĚĞǀĞůŽƉĞƌƐͬůĂƌŐĞƌͲĚĞǀĞůŽƉŵĞŶƚƐͬƉƌĞͲĚĞǀĞůŽƉŵĞŶƚͬǁĂƚĞƌͲƉƌĞͲĚĞǀͬ�
��
�
�ŽŶŶĞĐƚŝŽŶ��ƉƉůŝĐĂƚŝŽŶ�
�
�ůƚŚŽƵŐŚ�ǁĞ�ŵĂǇ�ĚŝƐĐƵƐƐ�ĂŶĚ�ĂŐƌĞĞ�ĚŝƐĐŚĂƌŐĞ�ƉŽŝŶƚƐ�ĂŶĚ�ƌĂƚĞƐ�ŝŶ�ƉƌŝŶĐŝƉůĞ͕�ƉůĞĂƐĞ�ďĞ�ĂǁĂƌĞ�ƚŚĂƚ�ǇŽƵ�ǁŝůů�ŚĂǀĞ�ƚŽ�ĂƉƉůǇ�
ĨŽƌ�Ă�ĨŽƌŵĂů�ƐĞǁĞƌ�ĐŽŶŶĞĐƚŝŽŶ͘�dŚŝƐ�ŝƐ�ƐŽ�ƚŚĂƚ�ǁĞ�ĐĂŶ�ĂƐƐĞƐƐ�ƚŚĞ�ŵĞƚŚŽĚ�ŽĨ�ĐŽŶƐƚƌƵĐƚŝŽŶ͕�,ĞĂůƚŚ�Θ�^ĂĨĞƚǇ�ƌĞƋƵŝƌĞŵĞŶƚƐ�
ĂŶĚ�ƚŽ�ƵůƚŝŵĂƚĞůǇ�ŝŶƐƉĞĐƚ�ƚŚĞ�ĐŽŶŶĞĐƚŝŽŶ�ǁŚĞŶ�ŝƚ�ŝƐ�ŵĂĚĞ͘��ĞƚĂŝůƐ�ŽĨ�ƚŚĞ�ĂƉƉůŝĐĂƚŝŽŶ�ƉƌŽĐĞƐƐ�ĂŶĚ�ƚŚĞ�ĨŽƌŵ�ŝƚƐĞůĨ�ĐĂŶ�ďĞ�
ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ŽƵƌ�ǁĞďƐŝƚĞ�ďǇ�ĨŽůůŽǁŝŶŐ�ƚŚĞ�ůŝŶŬ�ďĞůŽǁ͗�
�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƵŶŝƚĞĚƵƚŝůŝƚŝĞƐ͘ĐŽŵͬďƵŝůĚĞƌƐͲĚĞǀĞůŽƉĞƌƐͬǁĂƐƚĞǁĂƚĞƌͲƐĞƌǀŝĐĞƐͬƐĞǁĞƌͲĐŽŶŶĞĐƚŝŽŶƐͬƐĞǁĞƌͲĐŽŶŶĞĐƚŝŽŶͬ�
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���7KLV�V\VWHP�XVHV�WKH�UDLQIDOO�LQWHQVLW\��GXUDWLRQ�FXUYH�FDOFXODWHG�XVLQJ�HLWKHU�WKH�:DOOLQJIRUG�RU�)(+�PHWKRG
����DV�VHOHFWHG�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�PD[LPXP�YDOXH�RI�WKH�EDODQFH�FXUYH�
���7KLV�PHWKRG�ZDV�GHVFULEHG�E\�'DYLV����������VHH�%XWOHU�	�'DYLHV���QG�HGLWLRQ��S���
���5HIHUHQFHV�WR�
VWRUP�GXUDWLRQ
�UHODWH�RQO\�WR�WKH�K\GURJUDSK�PHWKRG��TY��
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��WKXV�D�
UXQ
�WLPH�RI����KRXUV�ZLOO�EH�VDPSOHG�HYHU\�PLQXWH�

([SODQDWRU\�QRWHV�IRU�+\GURJUDSK�6WRUDJH
���7KH�XVHU�KDV�WKH�FKRLFH�RI�6XPPHU�RU�:LQWHU�FXUYHV
���7KH�PHDQ�LQWHQVLW\�YDULHV�ZLWK�WKH�GXUDWLRQ�RI�WKH�VWRUP�FXUYH
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��LUUHVSHFWLYH�RI�VWRUP�GXUDWLRQ�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�EDODQFH�YDOXHV�IRU�HDFK�VWHS�
���9DU\LQJ�GXUDWLRQV�VKRXOG�EH�WULHG�WR�ILQG�WKH�PD[LPXP�VWRUDJH�YDOXH���WKLV�FDQ�EH�QDUURZHG�GRZQ�YHU\�FORVHO\�


0RGHOOLQJ�XVLQJ�WKH�IORZ�FKDUDFWHULVWLFV�RI�WKH�UHVWULFWRU�LV�DYDLODEOH�XVLQJ�9RUWH[�&RQWURO�PRGHOOLQJ�IXQFWLRQ�
3OHDVH�EH�DZDUH�WKDW�WKLV�IXQFWLRQ�QHHGV�WKH�IXOO�GHVLJQ�GDWD�ILOH�WR�IXQFWLRQ�

:K\�GR�WKH�WZR�PHWKRGV�JLYH�GLIIHUHQW�UHVXOWV"

7KH�UDLQIDOO�FKDUDFWHULVWLFV�IRU�HDFK�PHWKRG�DUH�YHU\�GLIIHUHQW�

7KH�3HDN�IORZ��XVLQJ�WKH�,QWHQVLW\�'XUDWLRQ�)UHTXHQF\�FXUYH��GRHV�QRW�PRGHO�WKH�DFWXDO�UDLQIDOO��7KLV�FXUYH�LV�MRLQHG
SRLQWV�ZKLFK�UHSUHVHQW�WKH�PHDQ��LQWHQVLW\�RI�D�VWRUP�DW�D�JLYHQ�GXUDWLRQ�L�H��D�YDOXH�RI������PP�KU�IRU�D����PLQXWH
VWRUP�LQGLFDWHV�WKDW�RYHU�WKH�VL[W\�PLQXWH�SHULRG��WKH�PHDQ�LQWHQVLW\�ZDV������PP�KU��7KH�FDOFXODWLRQ�PHWKRG�VDPSOHV
WKH�,')�FXUYH�IRU�D�JLYHQ�ORFDWLRQ�DQG�IUHTXHQF\��5HWXUQ�3HULRG��DQG�FDOFXODWHV�WKH�VWRUDJH�IRU�WKDW�UDWH�DQG�GXUDWLRQ
OHVV�WKH�RXWIORZ�YROXPH��7KH�PD[LPXP�YDOXH�LV�GLVSOD\HG�DV�WKH�
ZRUVW�FDVH
�VWRUDJH��7KH�RXWIORZ�YROXPH�LV�FRQVWDQW
WKURXJKRXW�WKH�SURFHVV�DW�WKH�VSHFLILHG�GLVFKDUJH�UDWH�

7KH�K\GURJUDSK�PHWKRG�XVHV�D�VWDQGDUG�FXUYH�IRU�HLWKHU�:LQWHU�RU�6XPPHU�VWRUPV��7UDGLWLRQDOO\�WKHVH�DUH�V\PPHWULFDO
DERXW�WKH�FHQWUDO�SHDN��8.�UDLQIDOO�GRHV��QRW�ILW�LQWR�WKLV�FRQYHQLHQW�FXUYH��VR�WKH�FDOFXODWLRQV�DUH�GHDOLQJ�ZLWK�D
VW\OLVHG�VHW�RI�GDWD��7KH�PHDQ�LQWHQVLW\�IRU�WKH�VWRUP�LV�FDOFXODWHG�IURP�WKH�,')�FXUYH�DQG�DSSOLHG�WR�WKH�FXUYH�GDWD�
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,W�FDQ�EH�VHHQ�WKDW�WKHVH�WZR�PHWKRGV�DUH�YHU\�GLIIHUHQW��DQG�WKH�XVHU�PD\�KDYH�WKH�FKRLFH�RI�ZKLFK�UHVXOW�WR�XVH�
7KLV�LV�QRW�DQ�H[DFW�VFLHQFH��WKRXJK�LV�RIWHQ�WUHDWHG�DV�VXFK�E\�WKRVH�WKDW�GR�QRW�XQGHUVWDQG�WKH�SULQFLSOHV�RI�WKH
FDOFXODWLRQV�
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([SODQDWRU\�QRWHV�IRU�3HDN�)ORZ�6WRUDJH
���7KLV�V\VWHP�XVHV�WKH�UDLQIDOO�LQWHQVLW\��GXUDWLRQ�FXUYH�FDOFXODWHG�XVLQJ�HLWKHU�WKH�:DOOLQJIRUG�RU�)(+�PHWKRG
����DV�VHOHFWHG�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�PD[LPXP�YDOXH�RI�WKH�EDODQFH�FXUYH�
���7KLV�PHWKRG�ZDV�GHVFULEHG�E\�'DYLV����������VHH�%XWOHU�	�'DYLHV���QG�HGLWLRQ��S���
���5HIHUHQFHV�WR�
VWRUP�GXUDWLRQ
�UHODWH�RQO\�WR�WKH�K\GURJUDSK�PHWKRG��TY��
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��WKXV�D�
UXQ
�WLPH�RI����KRXUV�ZLOO�EH�VDPSOHG�HYHU\�PLQXWH�

([SODQDWRU\�QRWHV�IRU�+\GURJUDSK�6WRUDJH
���7KH�XVHU�KDV�WKH�FKRLFH�RI�6XPPHU�RU�:LQWHU�FXUYHV
���7KH�PHDQ�LQWHQVLW\�YDULHV�ZLWK�WKH�GXUDWLRQ�RI�WKH�VWRUP�FXUYH
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��LUUHVSHFWLYH�RI�VWRUP�GXUDWLRQ�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�EDODQFH�YDOXHV�IRU�HDFK�VWHS�
���9DU\LQJ�GXUDWLRQV�VKRXOG�EH�WULHG�WR�ILQG�WKH�PD[LPXP�VWRUDJH�YDOXH���WKLV�FDQ�EH�QDUURZHG�GRZQ�YHU\�FORVHO\�


0RGHOOLQJ�XVLQJ�WKH�IORZ�FKDUDFWHULVWLFV�RI�WKH�UHVWULFWRU�LV�DYDLODEOH�XVLQJ�9RUWH[�&RQWURO�PRGHOOLQJ�IXQFWLRQ�
3OHDVH�EH�DZDUH�WKDW�WKLV�IXQFWLRQ�QHHGV�WKH�IXOO�GHVLJQ�GDWD�ILOH�WR�IXQFWLRQ�

:K\�GR�WKH�WZR�PHWKRGV�JLYH�GLIIHUHQW�UHVXOWV"

7KH�UDLQIDOO�FKDUDFWHULVWLFV�IRU�HDFK�PHWKRG�DUH�YHU\�GLIIHUHQW�

7KH�3HDN�IORZ��XVLQJ�WKH�,QWHQVLW\�'XUDWLRQ�)UHTXHQF\�FXUYH��GRHV�QRW�PRGHO�WKH�DFWXDO�UDLQIDOO��7KLV�FXUYH�LV�MRLQHG
SRLQWV�ZKLFK�UHSUHVHQW�WKH�PHDQ��LQWHQVLW\�RI�D�VWRUP�DW�D�JLYHQ�GXUDWLRQ�L�H��D�YDOXH�RI������PP�KU�IRU�D����PLQXWH
VWRUP�LQGLFDWHV�WKDW�RYHU�WKH�VL[W\�PLQXWH�SHULRG��WKH�PHDQ�LQWHQVLW\�ZDV������PP�KU��7KH�FDOFXODWLRQ�PHWKRG�VDPSOHV
WKH�,')�FXUYH�IRU�D�JLYHQ�ORFDWLRQ�DQG�IUHTXHQF\��5HWXUQ�3HULRG��DQG�FDOFXODWHV�WKH�VWRUDJH�IRU�WKDW�UDWH�DQG�GXUDWLRQ
OHVV�WKH�RXWIORZ�YROXPH��7KH�PD[LPXP�YDOXH�LV�GLVSOD\HG�DV�WKH�
ZRUVW�FDVH
�VWRUDJH��7KH�RXWIORZ�YROXPH�LV�FRQVWDQW
WKURXJKRXW�WKH�SURFHVV�DW�WKH�VSHFLILHG�GLVFKDUJH�UDWH�

7KH�K\GURJUDSK�PHWKRG�XVHV�D�VWDQGDUG�FXUYH�IRU�HLWKHU�:LQWHU�RU�6XPPHU�VWRUPV��7UDGLWLRQDOO\�WKHVH�DUH�V\PPHWULFDO
DERXW�WKH�FHQWUDO�SHDN��8.�UDLQIDOO�GRHV��QRW�ILW�LQWR�WKLV�FRQYHQLHQW�FXUYH��VR�WKH�FDOFXODWLRQV�DUH�GHDOLQJ�ZLWK�D
VW\OLVHG�VHW�RI�GDWD��7KH�PHDQ�LQWHQVLW\�IRU�WKH�VWRUP�LV�FDOFXODWHG�IURP�WKH�,')�FXUYH�DQG�DSSOLHG�WR�WKH�FXUYH�GDWD�
FDOFXODWLQJ�WKH�VWRUDJH�IRU�WKDW�VWHS�OHVV�WKH�RXWIORZ�YROXPH��7KH�ILQDO�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�VWRUDJH�IRU
DOO�WKH�VWHSV�7KH�RXWIORZ�YROXPH�YDULHV�ZLWK�WKH�K\GUDXOLF�KHDG�RQ�WKH�FRQWURO�GHYLFH�XVLQJ�IORZ�HTXDWLRQV�SURYLGHG
E\�WKH�FRQWURO�PDQXIDFWXUHU���7KLV�LV�D�IDU�PRUH�DFFXUDWH�PHWKRG�WKDQ�WKH�SHDN�IORZ�PHWKRG�DQG�RIWHQ�UHVXOWV�LQ�ELJJHU
VWRUDJH�YROXPHV�

,W�FDQ�EH�VHHQ�WKDW�WKHVH�WZR�PHWKRGV�DUH�YHU\�GLIIHUHQW��DQG�WKH�XVHU�PD\�KDYH�WKH�FKRLFH�RI�ZKLFK�UHVXOW�WR�XVH�
7KLV�LV�QRW�DQ�H[DFW�VFLHQFH��WKRXJK�LV�RIWHQ�WUHDWHG�DV�VXFK�E\�WKRVH�WKDW�GR�QRW�XQGHUVWDQG�WKH�SULQFLSOHV�RI�WKH
FDOFXODWLRQV�
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7LPH�WR�PD[������� �����PLQV &DOFXODWHG�VWRUDJH�YROXPH� ������Pñ
5DLQIDOO�DW�PD[��� ��������PP�KU $OORZHG�GLVFKDUJH�UDWH��� ��������O�V
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([SODQDWRU\�QRWHV�IRU�3HDN�)ORZ�6WRUDJH
���7KLV�V\VWHP�XVHV�WKH�UDLQIDOO�LQWHQVLW\��GXUDWLRQ�FXUYH�FDOFXODWHG�XVLQJ�HLWKHU�WKH�:DOOLQJIRUG�RU�)(+�PHWKRG
����DV�VHOHFWHG�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�PD[LPXP�YDOXH�RI�WKH�EDODQFH�FXUYH�
���7KLV�PHWKRG�ZDV�GHVFULEHG�E\�'DYLV����������VHH�%XWOHU�	�'DYLHV���QG�HGLWLRQ��S���
���5HIHUHQFHV�WR�
VWRUP�GXUDWLRQ
�UHODWH�RQO\�WR�WKH�K\GURJUDSK�PHWKRG��TY��
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��WKXV�D�
UXQ
�WLPH�RI����KRXUV�ZLOO�EH�VDPSOHG�HYHU\�PLQXWH�

([SODQDWRU\�QRWHV�IRU�+\GURJUDSK�6WRUDJH
���7KH�XVHU�KDV�WKH�FKRLFH�RI�6XPPHU�RU�:LQWHU�FXUYHV
���7KH�PHDQ�LQWHQVLW\�YDULHV�ZLWK�WKH�GXUDWLRQ�RI�WKH�VWRUP�FXUYH
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��LUUHVSHFWLYH�RI�VWRUP�GXUDWLRQ�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�EDODQFH�YDOXHV�IRU�HDFK�VWHS�
���9DU\LQJ�GXUDWLRQV�VKRXOG�EH�WULHG�WR�ILQG�WKH�PD[LPXP�VWRUDJH�YDOXH���WKLV�FDQ�EH�QDUURZHG�GRZQ�YHU\�FORVHO\�


0RGHOOLQJ�XVLQJ�WKH�IORZ�FKDUDFWHULVWLFV�RI�WKH�UHVWULFWRU�LV�DYDLODEOH�XVLQJ�9RUWH[�&RQWURO�PRGHOOLQJ�IXQFWLRQ�
3OHDVH�EH�DZDUH�WKDW�WKLV�IXQFWLRQ�QHHGV�WKH�IXOO�GHVLJQ�GDWD�ILOH�WR�IXQFWLRQ�

:K\�GR�WKH�WZR�PHWKRGV�JLYH�GLIIHUHQW�UHVXOWV"

7KH�UDLQIDOO�FKDUDFWHULVWLFV�IRU�HDFK�PHWKRG�DUH�YHU\�GLIIHUHQW�

7KH�3HDN�IORZ��XVLQJ�WKH�,QWHQVLW\�'XUDWLRQ�)UHTXHQF\�FXUYH��GRHV�QRW�PRGHO�WKH�DFWXDO�UDLQIDOO��7KLV�FXUYH�LV�MRLQHG
SRLQWV�ZKLFK�UHSUHVHQW�WKH�PHDQ��LQWHQVLW\�RI�D�VWRUP�DW�D�JLYHQ�GXUDWLRQ�L�H��D�YDOXH�RI������PP�KU�IRU�D����PLQXWH
VWRUP�LQGLFDWHV�WKDW�RYHU�WKH�VL[W\�PLQXWH�SHULRG��WKH�PHDQ�LQWHQVLW\�ZDV������PP�KU��7KH�FDOFXODWLRQ�PHWKRG�VDPSOHV
WKH�,')�FXUYH�IRU�D�JLYHQ�ORFDWLRQ�DQG�IUHTXHQF\��5HWXUQ�3HULRG��DQG�FDOFXODWHV�WKH�VWRUDJH�IRU�WKDW�UDWH�DQG�GXUDWLRQ
OHVV�WKH�RXWIORZ�YROXPH��7KH�PD[LPXP�YDOXH�LV�GLVSOD\HG�DV�WKH�
ZRUVW�FDVH
�VWRUDJH��7KH�RXWIORZ�YROXPH�LV�FRQVWDQW
WKURXJKRXW�WKH�SURFHVV�DW�WKH�VSHFLILHG�GLVFKDUJH�UDWH�

7KH�K\GURJUDSK�PHWKRG�XVHV�D�VWDQGDUG�FXUYH�IRU�HLWKHU�:LQWHU�RU�6XPPHU�VWRUPV��7UDGLWLRQDOO\�WKHVH�DUH�V\PPHWULFDO
DERXW�WKH�FHQWUDO�SHDN��8.�UDLQIDOO�GRHV��QRW�ILW�LQWR�WKLV�FRQYHQLHQW�FXUYH��VR�WKH�FDOFXODWLRQV�DUH�GHDOLQJ�ZLWK�D
VW\OLVHG�VHW�RI�GDWD��7KH�PHDQ�LQWHQVLW\�IRU�WKH�VWRUP�LV�FDOFXODWHG�IURP�WKH�,')�FXUYH�DQG�DSSOLHG�WR�WKH�FXUYH�GDWD�
FDOFXODWLQJ�WKH�VWRUDJH�IRU�WKDW�VWHS�OHVV�WKH�RXWIORZ�YROXPH��7KH�ILQDO�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�VWRUDJH�IRU
DOO�WKH�VWHSV�7KH�RXWIORZ�YROXPH�YDULHV�ZLWK�WKH�K\GUDXOLF�KHDG�RQ�WKH�FRQWURO�GHYLFH�XVLQJ�IORZ�HTXDWLRQV�SURYLGHG
E\�WKH�FRQWURO�PDQXIDFWXUHU���7KLV�LV�D�IDU�PRUH�DFFXUDWH�PHWKRG�WKDQ�WKH�SHDN�IORZ�PHWKRG�DQG�RIWHQ�UHVXOWV�LQ�ELJJHU
VWRUDJH�YROXPHV�

,W�FDQ�EH�VHHQ�WKDW�WKHVH�WZR�PHWKRGV�DUH�YHU\�GLIIHUHQW��DQG�WKH�XVHU�PD\�KDYH�WKH�FKRLFH�RI�ZKLFK�UHVXOW�WR�XVH�
7KLV�LV�QRW�DQ�H[DFW�VFLHQFH��WKRXJK�LV�RIWHQ�WUHDWHG�DV�VXFK�E\�WKRVH�WKDW�GR�QRW�XQGHUVWDQG�WKH�SULQFLSOHV�RI�WKH
FDOFXODWLRQV�



 

 

 


