
^/Ed�&�/�d
È1%HJI+1J
ϮϬϭϲͲϬϮͲϭϭ

^/Ed�&��ϮϳϱϱϯͲ hŶƌĞƐƚƌŝĐƚĞĚ

ZĞƉŽƌƚ

DĞƚŚŽĚƐ�ĂŶĚ�ƐǇƐƚĞŵƐ�ƚŽ�ŵĞĂƐƵƌĞ�ƚŚĞ�
ĞŶǀŝƌŽŶŵĞŶƚĂů�ŝŵƉĂĐƚ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�
ǀĞŚŝĐůĞƐ�ŝŶ�ƚƌĂĨĨŝĐ͘�
�+&Ê(�K/Â%KI�%.�I,/���:��ÂK%*/1I

�ƵƚŚŽƌƐ
dƌƵůƐ��ĞƌŐĞ͕�,ĞƌŽůĚ�KůƐĞŶ͕��ƵĚƵŶ�^ŽůǀĂŶŐ͕�^/Ed�&





fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ Ϯ ŽĨ ϱϬ

�%1H'/&I�,+JI%KD
s�Z^/KE ��d� s�Z^/KE ��^�Z/Wd/KE

Ϭϭ ϮϬϭϲͲϬϮͲϭϭ &ŝŶĂů�ƌĞƉŽƌƚ



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯ ŽĨ ϱϬ

<Ê2(/�%.�1%&I/&IJ

�ǆĞĐƵƚŝǀĞ�ƐƵŵŵĂƌǇ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱ

ϭ /ŶƚƌŽĚƵĐƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳ

Ϯ �ĂĐŬŐƌŽƵŶĚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳ

ϯ DŽŶŝƚŽƌŝŶŐ�ƉƌŝŶĐŝƉůĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴ

ϰ DŽŶŝƚŽƌŝŶŐ�ƐǇƐƚĞŵ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϴ
ϰ͘ϭ dƌĂĨĨŝĐ�ƌĞŐŝƐƚƌĂƚŝŽŶ�ƐǇƐƚĞŵ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴ
ϰ͘Ϯ EŽŝƐĞ�ŵĞĂƐƵƌĞŵĞŶƚ�ƐǇƐƚĞŵ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭ

ϰ͘Ϯ͘ϭ ^ǇƐƚĞŵ�ƵƐĞĚ�ĨŽƌ�ƚĞƐƚ�ƉƌŽŐƌĂŵ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭ
ϰ͘ϯ DŝĐƌŽƉŚŽŶĞ�ĂƌƌĂǇ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮ

ϰ͘ϯ͘ϭ DŽƚŝǀĂƚŝŽŶ�ƚŽ�ƵƐĞ�ĂŶ�ĂƌƌĂǇ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮ
ϰ͘ϯ͘Ϯ dŚĞŽƌǇ�ĨŽƌ�ƚŚĞ�ĂƌƌĂǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯ
ϰ͘ϯ͘ϯ dĞƐƚ�ŽĨ�ĂƌƌĂǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱ
ϰ͘ϯ͘ϯ͘ϭ DŝĐƌŽƉŚŽŶĞ�ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲ
ϰ͘ϯ͘ϯ͘Ϯ /ŶĨůƵĞŶĐĞ�ŽĨ�ĚŝƐƚĂŶĐĞ�ĨƌŽŵ�ƐŽƵƌĐĞ�ƚŽ�ĂƌƌĂǇ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳ
ϰ͘ϯ͘ϯ͘ϯ �ƐƚŝŵĂƚŝŽŶ�ŽĨ�ŵĂǆŝŵƵŵ�ĨƌĞƋƵĞŶĐǇ͕�ĨDĂǆ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴ
ϰ͘ϯ͘ϯ͘ϰ �ƐƚŝŵĂƚŝŽŶ�ŽĨ�ƚƌĂũĞĐƚŽƌǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵ

ϰ͘ϰ DĞƚĞŽƌŽůŽŐŝĐĂů�ƐǇƐƚĞŵ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮ
ϰ͘ϱ �K�ŵĞĂƐƵƌĞŵĞŶƚ�ƐǇƐƚĞŵ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯ

ϱ dĞƐƚ�ƉƌŽŐƌĂŵ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱ
ϱ͘ϭ �ĂůŝďƌĂƚŝŽŶ�ŵĞĂƐƵƌĞŵĞŶƚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱ
ϱ͘Ϯ EŽŝƐĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲ

ϱ͘Ϯ͘ϭ /ŶĨůƵĞŶĐĞ�ŽĨ�ƌĂŝŶͬǁĞƚŶĞƐƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϳ
ϱ͘Ϯ͘Ϯ /ŶĨůƵĞŶĐĞ�ŽĨ�ŵŝĐƌŽƉŚŽŶĞ�ƉŽƐŝƚŝŽŶƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴ
ϱ͘Ϯ͘ϯ DĞĂƐƵƌĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽŶ�ĚƌǇ�ƐƵƌĨĂĐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵ
ϱ͘Ϯ͘ϰ EŽŝƐĞ�ůĞǀĞůƐ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƐƉĞĞĚ͕�Ăůů�ĐůĂƐƐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬ

ϱ͘ϯ �K�ŵĞĂƐƵƌĞŵĞŶƚƐ�ǁŝƚŚ�>ĂƐĞƌ'ĂƐ�ŝYϮ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰ
ϱ͘ϯ͘ϭ DĞĂƐƵƌĞŵĞŶƚ�ǁŝƚŚ�ƚĞƐƚ�ǀĞŚŝĐůĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲ
ϱ͘ϯ͘Ϯ DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�ƌĂŶĚŽŵ�ƉĂƐƐŝŶŐ�ǀĞŚŝĐůĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭ

ϲ �ƵƚŽŵĂƚŝĐ�ŶƵŵďĞƌ�ƉůĂƚĞ�ƌĞĐŽŐŶŝƚŝŽŶ�;�EWZͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯ
ϲ͘ϭ 'ĞŶĞƌĂů�ĐŽŶƐŝĚĞƌĂƚŝŽŶƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯ
ϲ͘Ϯ WƌŽĐĞĚƵƌĞ�ƚŽ�ŝŵƉůĞŵĞŶƚ��EWZ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϰ

ϳ �ǆĂŵƉůĞ�ŽĨ�Ă�ǁĞďͲƐŽůƵƚŝŽŶ�ĨŽƌ�Ă�ŵŽŶŝƚŽƌŝŶŐ�ƐǇƐƚĞŵ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱ
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ϳ͘ϭ WƵďůŝĐ�ƵƐĞƌ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲ
ϳ͘Ϯ �ǆƉĞƌƚ�ƵƐĞƌ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϳ

ϴ ZĞĐŽŵŵĞŶĚĂƚŝŽŶƐ�ĨŽƌ�ĨƵƌƚŚĞƌ�ǁŽƌŬ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϴ

ϵ ZĞĨĞƌĞŶĐĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϵ

ϭϬ >ŝƐƚ�ŽĨ�ƉƵďůŝĐĂƚŝŽŶƐͬŵĞĚŝĂ�ƉƌĞƐĞŶƚĂƚŝŽŶƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬ
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�ǆĞĐƵƚŝǀĞ�ƐƵŵŵĂƌǇ
7KLV�LV�WKH�ILQDO�UHSRUW�RI�WKH�029(�SURMHFW��0HWKRGV�DQG�V\VWHPV�WR�PHDVXUH�WKH�HQYLURQPHQWDO�LPSDFW�RI�
LQGLYLGXDO�YHKLFOHV�LQ�WUDIILF�� 7KH�SURMHFW��ILQDQFHG�WKURXJK�WKH�%,$�SURJUDP��KDV�EHHQ�D�MRLQW�SURMHFW ZLWK�
$FRXVWLF�2QH�1RUVRQLF��6,17()��1RUVN�(OHNWUR�2SWLNN�$6��1(2���9HJGLUHNWRUDWHW��7KH�1RUZHJLDQ 3XEOLF�
5RDGV�$GPLQLVWUDWLRQ� DQG�1718�

$FRXVWLF�2QH�1RUVRQLF�KDV�SULPDULO\�ZRUNHG�RQ�WKH�GHYHORSPHQW�RI WKH�3UHFLVLRQ 6RXQG�	 9LEUDWLRQ�
$QDO\VHU�1RU�����ZKLFK�LV�SODQQHG�WR�EH�WKH�FHQWUDO�FRQWURO�XQLW�ZLWK�FRPPXQLFDWLRQ�WR�WKH�RWKHU�FHQVRUV�DV�
ZHOO�DV�WKH LQWHJUDWHG�SDUW�RI�WKH PRQLWRULQJ V\VWHP�IRU�PHDVXUHPHQW�RI�WUDIILF�QRLVH�

1(2�KDV�GHYHORSHG�D�QHZ�ODVHU�JDV�GHWHFWLRQ�GHYLFH��/DVHU*DV�L4� �SULPDULO\�IRU�LQGXVWULDO�XVH�DQG�QRW�
ILQDQFHG�E\�WKLV�SURMHFW�� 7HVWV�XVLQJ�WKLV�HTXLSPHQW�WR�PHDVXUH�&2 KDYH EHHQ�PDGH�RQ�SDVVLQJ�YHKLFOHV�
ZLWKLQ�WKH�029(�SURMHFW�

9HJGLUHNWRUDWHW��7KH�1RUZHJLDQ�3XEOLF�5RDGV $GPLQLVWUDWLRQ� KDV�SDUWLFLSDWHG�LQ�WKH�SURMHFW�FRPPLWWHH�DV�
DQ�REVHUYHU WRJHWKHU�ZLWK�WKH�RWKHU�SDUWLHV�

1718�KDV�EHHQ�HQJDJHG�LQ�WKH�WHVWV�DQG�GHYHORSPHQW�RI�WKH�DOJRULWKP�IRU�D PLFURSKRQH�DUUD\�LQ�
FRRSHUDWLRQ�ZLWK�6,17()�

6,17()�KDV�EHHQ�UHVSRQVLEOH�IRU�WHVWV�DQG�GHYHORSPHQW�RI�HTXLSPHQW�XVHG�IRU�GHWHFWLRQ�RI�WKH�QRLVH�RI�
LQGLYLGXDO�SDVVLQJ�YHKLFOHV�LQ�WUDIILF� )XUWKHUPRUH��6,17()�KDV�EHHQ�UHVSRQVLEOH�IRU�WKH�OD\�RXW�RI�D�GHPR�
IRU�D�ZHE�VROXWLRQ�IRU�D�PRQLWRULQJ�V\VWHP�

7KH�PRQLWRULQJ�HTXLSPHQW�XVHG�IRU�QRLVH�WHVWV�KDV�EHHQ�
7UDIILF�UHJLVWUDWLRQ�V\VWHP��7232�ELJER[��YHKLFOH�VSHHG��ODQH�SRVLWLRQ�DQG�FODVVLILFDWLRQ�RI�YHKLFOH�
FDWHJRU\�

1RLVH�PHDVXUHPHQW�V\VWHP��1RUVRQLF�PLFURSKRQHV�DQG�/DE9,(:�SURJUDP�WR�VWRUH�DQG�SURFHVV�QRLVH�
VLJQDO�IURP���PLFURSKRQHV��,Q�DGGLWLRQ�D�PLFURSKRQH�DUUD\�ZLWK�D�PD[LPXP�RI���PLFURSKRQHV�KDV�EHHQ�
XVHG

0HWHRURORJLFDO�PRQLWRU��DLU�WHPSHUDWXUH��ZLQG�VSHHG�DQG�GLUHFWLRQ��KXPLGLW\��DLU�SUHVVXUH�DQG�
SUHFLSLWDWLRQ��UDLQ�LQ�PP��

$Q�LQLWLDO�WHVW�KDV EHHQ�SHUIRUPHG�RQ�D�ORFDWLRQ�DW�(��.OHWW� VRXWK�RI�7URQGKHLP RYHU�D�SHULRG�RI�
DSSUR[LPDWHO\�RQH�ZHHN�
7KLV�WHVW�LQFOXGHG�WKH�XVH�RI�WKH�PLFURSKRQH�DUUD\�DQG�ZLWK�WKH�DOJRULWKP�GHYHORSHG��2QH�H[DPSOH RI�D�UHVXOW
IURP�WKH�WHVW ZDV�

,W�ZDV�IHDVLEOH�WR�DFRXVWLFDOO\�VHSDUDWH�WZR�SDVVHQJHU�FDUV�GULYLQJ�LQ�WKH�VDPH�ODQH�ZLWK�D�VSHHG�RI����NP�K�
DQG�ZLWK�D�GLVWDQFH�RI�DSSUR[LPDWHO\����P��ZKLFK�LV�OHVV�WKDQ���V�VHSDUDWLRQ�WLPH���XVLQJ���PLFURSKRQHV�LQ�
WKH�DUUD\�

+RZHYHU��VRPH�HYHQWV�ZLWK�D�FRPELQDWLRQ�RI�KHDY\�YHKLFOHV�FORVH�WR�OLJKW�YHKLFOHV�VHHPHG�WR�EH�GLIILFXOW�WR�
VHSDUDWH��XVLQJ�RQO\���PLFURSKRQHV��)XUWKHU�GHYHORSPHQW�RI�WKH�DOJRULWKP�DQG�WKH�DUUD\�LV�WKHUHIRUH�
UHFRPPHQGHG�

:LWKRXW�WKH�PLFURSKRQH�DUUD\��D�VHSDUDWLRQ�LQ�WLPH EHWZHHQ�VXFFHVVLYH�RU�SDVVLQJ�YHKLFOHV ZDV�XVHG��QR�
RWKHU�YHKLFOHV�ZLWKLQ���VHFRQGV RI�WKH�REMHFW�WR�EH�PHDVXUHG��:LWK�WKLV�VHSDUDWLRQ�FULWHULRQ DSSUR[LPDWHO\����
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��RI�WKH�WRWDO�SDVVLQJ�YHKLFOHV�FRXOG�EH�PHDVXUHG�DV�LQGLYLGXDO�QRLVH�HYHQWV��7KH�XVH�RI�D�PLFURSKRQH�DUUD\�
FRXOG�LQFUHDVH�WKLV�QXPEHU�FRQVLGHUDEO\�

7KH�7232�ELJER[�WUDIILF�UHJLVWUDWLRQ�V\VWHP�FODVVLILHV�YHKLFOHV�LQWR���FDWHJRULHV ����IRU�XQLGHQWLILHG�KLGGHQ�
YHKLFOHV���7RJHWKHU�ZLWK�WKH�QRLVH�GDWD��WKLV�HQDEOHV�D�PRUH�VXEVWDQWLDO�DQDO\VLV�RI�WKH�UHVXOWLQJ�GDWDEDVH�
� 3DVV�E\�QRLVH�OHYHOV��/$PD[��DV D�IXQFWLRQ�RI�VSHHG�IRU�DOO�YHKLFOH�FODVVHV��7KLV�JLYHV�D�SRVVLELOLW\�WR�FKHFN�

IRU�QRLV\�YHKLFOHV��ZLWK�DEQRUPDO�QRLVH�OHYHOV�
� $YHUDJH�OHYHO�SHU�YHKLFOH�FODVV��7KLV�LV�RI�LQWHUHVW�WR�HYDOXDWH�WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�FODVVHV�RI�

YHKLFOHV�WR�WKH�RYHUDOO�WUDIILF�QRLVH�OHYHO��)XUWKHUPRUH�WR�FKHFN LI�WZR�RU�PRUH�RI�WKH���FODVVHV�FDQ�EH�
FRPELQHG��GXH�WR�VLPLODU�DYHUDJH QRLVH�OHYHOV�

� $QDO\VLV�RI�WKH�LQIOXHQFH�RI�PHWHRURORJLFDO�FRQGLWLRQ� OLNH�DLU�WHPSHUDWXUH�DQG�ZHWQHVV�RI�WKH�URDG�

7KH�WHVWV�SHUIRUPHG�DW�(��.OHWW�VKRZHG�WKDW�LW�LV�IHDVLEOH�WR�LGHQWLI\�QRLV\�YHKLFOHV�LQ�WUDIILF��DV�VKRZQ�LQ
ILJXUH�����SDJH����� 2I�PRUH�WKDQ������SDVVLQJ�FDUV����FDUV KDG�D�SDVV�E\�OHYHO�EHWZHHQ���������G%�$���DW�
VSHHGV�EHWZHHQ����DQG����NP�K��7KLV�LV�FOHDUO\�DEQRUPDO�OHYHOV��DQG�PD\�EH�FDXVHG�E\�LOOHJDO�RU�PRGLILHG�
HQJLQH�H[KDXVW�V\VWHPV�

$�VLPSOH�WHVW�XVLQJ�ERWK�WKH�QRLVH�PRQLWRU�DQG�WKH�ODVHU�JDV�GHWHFWLRQ�GHYLFH�ZDV�FRQGXFWHG��7KH�WHVW�
FRQVLVWHG�RI�ERWK�PHDVXUHPHQWV�RI���WHVW�YHKLFOHV�DQG�RI�UDQGRP�SDVVLQJ�YHKLFOHV��7KH���WHVW�YHKLFOHV�ZHUH�
GULYHQ�ZLWK�GLIIHUHQW�RLO�WHPSHUDWXUH��IURP�FROG�WR�ZDUP�HQJLQH��DQG�ZLWK�GLIIHUHQW�GULYLQJ�PRGHV��FRQVWDQW�
VSHHGV�DQG�PRGHUDWH�DFFHOHUDWLRQ���
)RU�RQH�RI�WKH�WHVW�FDUV��RQO\�RQH�FRQGLWLRQ�ZDV�IRXQG�ZKHUH�WKH�PHDVXUHG�&2�OHYHO�ZDV DERYH�WKH�
EDFNJURXQG�OHYHO�
� 'XULQJ�DFFHOHUDWLRQ�IURP�D�ORZ�VSHHG��HYHQ�LI�WKH�RLO�WHPSHUDWXUH�KDG�UHDFKHG�D�QRUPDO�OHYHO�
)RU�WKH�RWKHU�WHVWV RU�FDUV��WKH�OHYHOV�ZHUH FORVH�WR�WKH�EDFNJURXQG�OHYHO�RI�&2��

7KH�WHVW�RI�UDQGRP�SDVVLQJ�YHKLFOHV�VKRZHG�WKDW�LW ZDV�IHDVLEOH�WR�PHDVXUH�KLJK�&2�OHYHOV��DERYH�WKH�
JHQHUDO��EDFNJURXQG� OHYHO� IRU�D�IHZ�YHKLFOHV� 0RUH�WHVWV�DUH�UHFRPPHQGHG��LQFOXGLQJ�GHWHFWLRQ�RI�12[�
ZKLFK�LV�PRUH�FULWLFDO�IRU�ORFDO�DLU�SROOXWLRQ�LQ�XUEDQ�DUHDV�

,Q�RUGHU�WR�LGHQWLI\�PRUH�WHFKQLFDO�GHWDLOV�RI�WKH LQGLYLGXDO�YHKLFOHV��RQH�VROXWLRQ�FDQ�EH WR�UHDG�WKH�OLFHQVH�
SODWH�RI�WKH�SDVVLQJ�YHKLFOHV��7KLV�WHFKQRORJ\� FDOOHG��$XWRPDWLF�1XPEHU�3ODWH�5HFRJQLWLRQ��$135�� LV�
DOUHDG\�HVWDEOLVKHG�LQ�1RUZD\��ZKHUH�URDG�DXWKRULWLHV�FKHFN�LI�LQVXUDQFH�DQG�RU�DQQXDO�WD[HV�KDYH�EHHQ�SDLG��
,Q�D�UHVHDUFK�SURMHFW�1216723� $135�LV�XVHG�WR�FRQWURO�WKH�ZHLJKW�RI�KHDY\�YHKLFOHV��E\�UHDGLQJ�WKH�
OLFHQVH�SODWH�DQG�E\�FKHFNLQJ�WKH�DOORZHG�PD[LPXP�ZHLJKW�LQ�WKH�YHKLFOH�GDWDEDVH�DJDLQVW�PHDVXUHG�ZHLJKW�
��ZHLJKW�LQ�PRWLRQ����,Q�WKH�029(�SURMHFW��WKH�SURFHGXUH�WR�XVH�WKH�VDPH�$135�WHFKQRORJ\�WRJHWKHU�ZLWK�
WKH�YHKLFOH�GDWDEDVH��$8726<6��KDV�EHHQ�RXWOLQHG��7KH�GDWDEDVH�ZRXOG�WKHQ�JLYH�LQIRUPDWLRQ�RQ�W\SH�
DSSURYDO�\HDU�DQG�SURGXFWLRQ�\HDU�RI WKH�YHKLFOH��W\SH�RI�HQJLQH��PDQXIDFWXUHU�PRGHO� HWF�
7R�XVH�WKH�$135�WHFKQRORJ\�LQ�1RUZD\��DQ�DSSURYDO�E\�WKH�DXWKRULWLHV�UHVSRQVLEOH�WR�SURWHFW�SULYDF\�
�'DWDWLOV\QHW��LV�QHFHVVDU\�

7KH�029(�SURMHFW�KDV�GHPRQVWUDWHG�WKH�IHDVLELOLW\�RI�PHWKRGV�WR�PRQLWRU�WKH�HQYLURQPHQWDO�LPSDFW�RI�
LQGLYLGXDO�YHKLFOHV�LQ�WUDIILF��+RZHYHU��IXUWKHU�GHYHORSPHQW�DQG WHVWLQJ�DUH�QHHGHG�WR�PDNH�D�FRPPHUFLDOO\
ZRUNLQJ�PRQLWRU�
7KH�IROORZLQJ�UHFRPPHQGDWLRQV�IRU�IXUWKHU�ZRUN�DUH�JLYHQ�

,PSOHPHQWDWLRQ RI $135
7HVWV�RI�DQ�LQWHJUDWHG�V\VWHP�ZLWK�1RU���
)XUWKHU�GHYHORSPHQW�RI�D�SXEOLF�DFFHVV�V\VWHP�XVLQJ�LQWHUQHW
)XUWKHU�GHYHORSPHQW�RI�WKH�PLFURSKRQH�DUUD\�WHFKQRORJ\



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϳ ŽĨ ϱϬ

'HYHORS�SURFHGXUHV�IRU�SURFHVVLQJ�DQG�SUHVHQWDWLRQ�RI�ODUJH�DPRXQW�RI�GDWD���ELJ�GDWD��
)XUWKHU�WHVWLQJ�RI�WKH�ODVHU�HTXLSPHQW�IURP�1(2��LQFOXGLQJ�PHDVXUHPHQWV�RI�12[

,QYHVWLJDWLRQV�RI�WKH�FRQQHFWLRQ�EHWZHHQ�PHDVXUHG�QRLVH�HPLVVLRQ�OHYHOV�DQG�WUDIILF�QRLVH�
FDOFXODWLRQ�PHWKRGV��H�J��UHIHUHQFH�YDOXHV�IRU�GLIIHUHQW�FDWHJRULHV�RI�YHKLFOHV�
,QFOXGH�DOJRULWKP�V\VWHP�WR�GHWHFW�VWXGGHG�W\UHV

ϭ /ŶƚƌŽĚƵĐƚŝŽŶ
7KLV�UHSRUW�SUHVHQWV�WKH�ILQGLQJV�DQG�UHVXOWV�IURP�WKH�029( SURMHFW �SURMHFW��������2����ILQDQFHG�E\�WKH�
1RUZHJLDQ�5HVHDUFK�&RXQFLO�XQGHU�WKH�SURJUDP�%,$���,QQRYDVMRQVSURVMHNW�L�Q ULQJVOLYHW���

3URMHFW�SDUWQHUV�
$FRXVWLF�2QH
1RUVRQLF�$6
6,17()�,&7
1718
1RUVN�(OHNWUR 2SWLNN $6 �1(2�
9HJGLUHNWRUDWHW��7KH�1RUZHJLDQ 3XEOLF 5RDGV�$GPLQLVWUDWLRQ��DV�DQ�REVHUYHU

9HJGLUHNWRUDWHW KDV�EHHQ�PHPEHU�RI�WKH�VWHHULQJ�FRPPLWWHH��WRJHWKHU�ZLWK�UHSUHVHQWDWLYHV�IURP�WKH�SURMHFW�
SDUWQHUV�

Ϯ �ĂĐŬŐƌŽƵŶĚ
7KH�1RUZHJLDQ�3DUOLDPHQW�KDV�SDVVHG�D�ELOO�IRU�WKH UHGXFWLRQ RI�QRLVH�DQQR\DQFH�LQ�1RUZD\ E\������ZLWKLQ�
WKH�\HDU�������ZLWK������DV�WKH�UHIHUHQFH�\HDU��0DQ\�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�PRVW�FRVW�HIIHFWLYH�
PHDVXUH�WR�UHGXFH�WKH�QRLVH�ZLOO�EH�WR�UHGXFH�WKH�VRXUFH�LWVHOI��)RU�URDG�WUDIILF�WKLV�FDQ�EH�GRQH�LQ�VHYHUDO�
ZD\V��OLNH�WKH�LQWURGXFWLRQ�RI�PRUH�VLOHQW�W\UHV��PRUH�VLOHQW�YHKLFOHV�DQG�WKH�XVH�RI�ORZ�QRLVH�URDG�VXUIDFHV�

7KH�XVH�RI�PRUH�VLOHQW�W\UHV�YHKLFOHV�FDQ�EH�DFKLHYHG�E\�GLIIHUHQW�PHDVXUHV��OLNH�PRUH�VWULQJHQW�QRLVH�OLPLWV�
�W\SH�DSSURYDO��RQ�DQ�LQWHUQDWLRQDO�OHYHO��2Q D�ORFDO�OHYHO� WKH�XVH�RI HFRQRPLF�RU�XVHU�LQFHQWLYHV IRU�W\UHV�
DQG�RU�YHKLFOHV�LQ�DGGLWLRQ�WR ORZ�QRLVH�URDG�VXUIDFHV FDQ�EH�D�WRRO�WR�UHGXFH URDG WUDIILF�QRLVH�

(TXLSPHQW�WR�PRQLWRU�JHQHUDO�QRLVH�OHYHOV�IURP�URDG�WUDIILF�VXFK�DV�/GHQ�/HT HWF��KDV�ORQJ�EHHQ�FRPPHUFLDO�
DYDLODEOH��7KH�VDPH�LV�WKH�FDVH�IRU�PRQLWRULQJ�RI�WKH�DLU�TXDOLW\�LQ�XUEDQ�DUHDV��+RZHYHU��PHWKRGV�DQG�
HTXLSPHQW�WR�PRQLWRU�WKH�QRLVH�OHYHOV�RI�LQGLYLGXDO�YHKLFOHV�KDYH�EHHQ�OLPLWHG��,Q�VRPH�UHVHDUFK�SURMHFWV�LQ�
(XURSH�DQG�-DSDQ�WKH�QRLVH�IURP�LQGLYLGXDO�YHKLFOHV�LQ�WUDIILF KDYH�EHHQ�PHDVXUHG��+RZHYHU��QR�FRPPHUFLDO�
V\VWHPV�KDYH�EHHQ�DYDLODEOH�

2QH�VWDQGDUGLVHG�PHWKRG�LV�EDVHG�RQ�WKH�PHDVXUHPHQW�RI�QRLVH�OHYHO�IURP�LQGLYLGXDO�YHKLFOH�RQ�D�URDG� ,62�
���������7KH�6WDWLVWLFDO�3DVV�E\�0HWKRG��63%��� 7KH�DLP�RI�WKLV�,62�PHWKRG�LV�WR�HVWDEOLVK�WKH�FRQWULEXWLRQ�
IURP�WKH�URDG�VXUIDFH�WR�WKH�RYHUDOO�WUDIILF�QRLVH�OHYHO��DQG�DV�VXFK�LV�QRW�GLUHFWO\�VXLWDEOH�WR�PRQLWRU�WKH�
HQYLURQPHQWDO�LPSDFW�RI�GLIIHUHQW�W\SHV�RI�YHKLFOHV�LQ�WUDIILF�

,Q�WKH�029( SURMHFW��PHWKRGV�DQG HTXLSPHQW�WKDW�DOORZ�VXFK�PRQLWRULQJ KDV�EHHQ�WHVWHG�

/DVHU�EDVHG�HTXLSPHQW�GHYHORSHG�E\�1(2� SULPDULO\�WR�GHWHFW�JDVHV�LQ�DQ�LQGXVWULDO�HQYLURQPHQW��KDV�EHHQ�
WHVWHG��,Q�WKLV�SURMHFW��WKH�V\VWHP�LV�XVHG�WR�VHH�LI�LW�LV�IHDVLEOH WR�PHDVXUH�&2 HPLVVLRQ�OHYHOV�IURP�SDVVLQJ�
YHKLFOHV��VHH�FKDSWHU������
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ϯ DŽŶŝƚŽƌŝŶŐ�ƉƌŝŶĐŝƉůĞƐ
7KH�QRLVH�HPLWWHG�E\�D�SDVVLQJ�YHKLFOH�LQ�WUDIILF�LV�GHSHQGHQW�RQ�D�ZLGH�UDQJH�RI�SDUDPHWHUV�

7KH�W\SH�RI�YHKLFOH DQG�LWV�FRQGLWLRQ
7KH�GULYLQJ�FRQGLWLRQ��VSHHG��DFFHOHUDWLRQ��JHDU��USP��HWF��
0HWHRURORJLFDO�FRQGLWLRQV��WHPSHUDWXUH��ZLQG�VSHHG�GLUHFWLRQ��URDG�ZHWQHVV�
5RDG�VXUIDFH�FRQGLWLRQ �WH[WXUH��URXJKQHVV�

7R�HVWDEOLVK�D�OLQN�EHWZHHQ�WKH�PHDVXUHG�QRLVH�OHYHO�DQG�PDQ\�RI�WKHVH�SDUDPHWHUV��VHYHUDO�VHQVRUV�DUH�XVHG�
$�UDGDU�V\VWHP�WR�PRQLWRU�WKH�VSHHG�RI�WKH�YHKLFOH��WKH�SRVLWLRQ�RI�WKH�YHKLFOH��GULYLQJ�ODQH��DQG�
YHKLFOH�FDWHJRU\��LI�SRVVLEOH�
$Q�DFRXVWLFDO�V\VWHP�WR�PRQLWRU�WKH�QRLVH�OHYHO�IURP�WKH�SDVVLQJ�YHKLFOHV��DV�ZHOO�DV�WKH�WRWDO�QRLVH�
GRVH�RYHU�D�GHILQHG�SHULRG
$�PHWHRURORJLFDO�V\VWHP�WR�PRQLWRU�WKH�ZHDWKHU�FRQGLWLRQV

$OO�WKHVH�VHQVRU�V\VWHPV KDYH�EHHQ�WHVWHG�ZLWKLQ�WKLV�SURMHFW�

ϰ DŽŶŝƚŽƌŝŶŐ�ƐǇƐƚĞŵ

ϰ͘ϭ dƌĂĨĨŝĐ�ƌĞŐŝƐƚƌĂƚŝŽŶ�ƐǇƐƚĞŵ

7KHUH�DUH�VHYHUDO�V\VWHPV�FRPPHUFLDOO\�DYDLODEOH��%DVHG�RQ�H[SHULHQFH�IURP�D�WHVWLQJ�SURJUDP�E\�6,17()�
DQG�WKH�1RUZHJLDQ�3XEOLF�5RDGV�$GPLQLVWUDWLRQ��1RU6,.7�± 1RUGLF�6\VWHP�IRU�,QWHOOLJHQW�&ODVVLILFDWLRQ�RI�
7UDIILF���������D V\VWHP� 7232�ELJER[� IURP�WKH�*HUPDQ�FRPSDQ\�57%�*PE+�	�&R�.*�ZDV�FKRVHQ�

7232�ELJER[�LV�D�UDGDU�EDVHG�V\VWHP�WKDW�PHDVXUHV WKH�VSHHG�RI�WKH�FDU�LQ�WZR�GULYLQJ�GLUHFWLRQV�
�DSSURDFKLQJ�DQG�UHFHGLQJ�ODQH���,Q�DGGLWLRQ�WKH�YHKLFOHV�DUH�FDWHJRUL]HG�LQWR�����GLIIHUHQW�FODVVHV��
DFFRUGLQJ�WR�D�*HUPDQ�VWDQGDUG�IRU�FODVVLILFDWLRQ�RI�YHKLFOHV��7/6�������

7KH�IROORZLQJ�FODVVHV�DUH�GHILQHG�
�� 3DVVHQJHU�FDU ���D[OHV�
�� 3DVVHQJHU�FDU���WUDLOHU��GHOLYHU\�YDQ��GHOLYHU\�YDQ���WUDLOHU������D[OHV�
�� 7UXFN������D[OHV�
�� 7UXFN���WUDLOHU������D[OHV�
�� 5RDG�WUDFWRU��VHPLWUDLOHU�� 5RDG�WUDFWRU���WUDLOHU������D[OHV�
�� %XV������D[OHV�
�� 0RWRUF\FOH
�� %LNH
�� 1RW�FODVVLILHG

7KH�FODVVLILFDWLRQ�LV�EDVHG�RQ�WKH�PHDVXUHPHQW�RI�YHKLFOH�OHQJWK�DQG�QXPEHU�RI�D[OHV�

)LJXUH���VKRZ�WKH�7232�ELJER[�PRXQWHG�RQ�D�PDVW�IRU�PHDVXUHPHQWV�
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&ŝŐƵƌĞ�ϭ͗�dKWK͘�ŝŐďŽǆ�ŵŽƵŶƚĞĚ�ďǇ�ƚŚĞ�ƌŽĂĚ�ƐŝĚĞ�;ƉŚŽƚŽ ůĞĨƚ͗�dŽƌŐĞŝƌ�sĂĂ͕�^ss͕�ƌŝŐŚƚ͗�Zd�Ϳ

0HDVXUHG�GDWD LV�WUDQVIHUUHG�WR�D�VHUYHU�LQ�*HUPDQ\�E\�D�*60�OLQH��ZKHUH�WKH�GDWD��ERWK�UDZ�DQG�SURFHVVHG��
FDQ�EH�GRZQORDGHG�RQ�UHTXHVW��$QRWKHU�SRVVLELOLW\�LV�WR�JR�RQOLQH�RQ�D�ZHE�VLWH��ZZZ�GG�ZHE�GH��2Q�WKLV�
VLWH�RQH�JHW�SURFHVVHG�GDWD�IRU�WKH�SHULRG�UHTXHVWHG��DV�VKRZQ�LQ�WKH�ILJXUH�EHORZ�

&ŝŐƵƌĞ�Ϯ͗ WƌŽĐĞƐƐĞĚ�ĚĂƚĂ�ĨƌŽŵ�ƚŚĞ�dKWKͲƐǇƐƚĞŵ͘�EƵŵďĞƌ�ŽĨ�ŵĞĂƐƵƌĞĚ�ǀĞŚŝĐůĞƐ�ƉĞƌ ĚĂǇ͘

0LF
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$�ILOH�ZLWK�UDZ�GDWD�ORRNV�OLNH�WKLV�
)DKU]HXJHLQ]HOGDWHQ
�������
!!����
������
&RQWUROOHU,G������
=HLW������������

)DKU]HXJNODVVH������ �QN�.I]
)DKU]HXJNODVVH������ �3NZ$
)DKU]HXJNODVVH������ �/NZ
)DKU]HXJNODVVH������ �/NZ$
)DKU]HXJNODVVH������ �6DWWHO�.I]
)DKU]HXJNODVVH������ �%XV
)DKU]HXJNODVVH������ �/IZ
)DKU]HXJNODVVH������ �3NZ
)DKU]HXJNODVVH������ �.UDG
)DKU]HXJNODVVH������ �)DKUUDG

,' 'DWXP 5LFKWXQJ *HVFKZLQGLJNHLW��NP�K� /lQJH��GP� .ODVVH .ODVVHQ�%H]HLFKQXQJ
� ���������������� � �� �� �� .5$'
� ���������������� � �� �� � 3.:
� ���������������� � �� �� � 3.:
� ���������������� � �� �� � 3.:
� ���������������� � �� �� � 3.:
� ���������������� � �� �� � 3.:
� ���������������� � �� ��� � 3.:B$QKlQJHU
� ���������������� � �� �� � 3.:
� ���������������� � �� �� � 3.:
�� ���������������� � �� �� � Q.O
�� ���������������� � �� �� � 3.:
�� ���������������� � �� �� � 3.:

&ŝŐƵƌĞ�ϯ͗ ZĂǁ�ĚĂƚĂ�ĨƌŽŵ�dKWK͘ďŝŐďŽǆ

,Q�DGGLWLRQ�WR�WKH�UDGDU��WKH�7232�ELJER[�DOVR KDV D�PLFURSKRQH��HOHFWUHW��PRXQWHG�RQ�WKH�VLGH�RI�WKH�XQLW��
DV�VKRZQ�LQ�ILJXUH����7KLV�PLFURSKRQH�LV�LQWHQGHG�WR�GHWHFW�QRLV\ YHKLFOHV��H�J��D�PRWRUF\FOH�ZLWK�LOOHJDO
PXIIOHU�V\VWHP��6RPH PHDVXUHPHQWV LQ�*HUPDQ\�KDYH�EHHQ�PDGH�WR�WHVW�WKLV�IHDWXUH���+RZHYHU��LW�LV�QRW�
VXLWHG WR�JLYH�D�UHSUHVHQWDWLYH�QRLVH�HPLVVLRQ�OHYHO�IRU�HDFK�SDVV�E\�RI�D�YHKLFOH� DV�WKH�LQWHQWLRQ�LV�IRU�WKH�
029(�SURMHFW��)RU�WKLV�UHDVRQ��WKH�DYDLODEOH�QRLVH�GDWD�IURP�WKH�7232�V\VWHP�KDV�QRW�EHHQ�SURFHVVHG�LQ�
WKLV�SURMHFW�

7KH�7232�ELJER[�XVHG�LQ�RXU�SURMHFW�ZDV�PRGLILHG�LQ�D�ZD\�WKDW�DOORZHG DFFHVV�WR�WKH�UDZ�GDWD�
LPPHGLDWHO\�DIWHU�D�PHDVXUHPHQW�SHULRG��WKURXJK�D�FDEOH�VHULDO�SRUW��7KLV�GDWD�ZDV�FRQYHUWHG�WR�D�WH[W�ILOH��
WKDW�ODWHU�FRXOG EH�FRSLHG�WR�H[FHO�VKHHWV� $�OLQH�LQ�WKH�WH[W�ILOH�ZRXOG�ORRN�OLNH�WKLV�

����������������������� DSSURDFKLQJ��D[OHV������������������������� DSSURDFKLQJ��YHKLFOH�LQIR��
VSHHG�����OHQJWK�����FODVV�����DXGLR����

7KH�VWULQJ�VKRZV�WKH�GDWH�DQG�WLPH��DQ�DSSURDFKLQJ�YHKLFOH �QHDUHVW�ODQH� DQG�D�FRGH�IRU�QXPEHU�RI�D[OHV��
7KH�VSHHG�RI�WKH�YHKLFOH�LV����NP�K��WKH�OHQJWK�LV�����FP��WKH�FODVV�LV��FDU� ������DQG�WKH�PHDVXUHG�DXGLR�
VLJQDO�E\�WKH�HOHFWUHW�PLFURSKRQH�LV����G%�

7KLV�GDWD�LV�WKHQ�FRPELQHG�ZLWK�WKH�PHDVXUHG�QRLVH�OHYHO��FKDSWHU������



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϭϭ ŽĨ ϱϬ

ϰ͘Ϯ EŽŝƐĞ�ŵĞĂƐƵƌĞŵĞŶƚ�ƐǇƐƚĞŵ

ϰ͘Ϯ͘ϭ^ǇƐƚĞŵ�ƵƐĞĚ�ĨŽƌ�ƚŚĞ�ƚĞƐƚ�ƉƌŽŐƌĂŵ
'XULQJ�WKH�WHVW�SHULRG��D�VLPSOLILHG�QRLVH�PHDVXUHPHQW�V\VWHP�ZDV�LPSOHPHQWHG��PDLQO\�IRU�SUDFWLFDO�
UHDVRQV��7KH�V\VWHP ZDV EDVHG�RQ�D�ODSWRS�ZLWK�VHYHUDO�PLFURSKRQH�LQSXW�FKDQQHOV��$�SURJUDP�LQ�/DE9,(:�
KDV�EHHQ PDGH IRU�WKH�FDOLEUDWLRQ SURFHGXUH�DQG�WR�PHDVXUH�WKH�QRLVH�IURP�� RU���PLFURSKRQH�SRVLWLRQV�
VLPXOWDQHRXVO\�

7KH�PD[LPXP�$�ZHLJKHG�QRLVH OHYHO�RI�D�SDVVLQJ�YHKLFOH LV V\QFKURQL]HG��LQ�WLPH��ZLWK�WKH�GDWD�IURP�
7232�ELJER[��IRU�WKH�DQDO\VLV �VHH�FKDSWHU������ $�WLPH�OLPLW�RI���V�ZDV�DSSOLHG WR�EH�DEOH�WR�DFRXVWLFDOO\�
VHSDUDWH�YHKLFOHV�LQ�D�WUDIILF�IORZ��7KLV�PHDQV�WKDW�ZLWKLQ�WKLV�WLPH�ZLQGRZ��RQO\�RQH�YHKLFOH�ZDV�DOORZHG�WR�
SDVV�WKH�PLFURSKRQHV��([SHULHQFH�IURP�WHVWV��VKRZHG�WKDW�WKLV�WLPH�ZLQGRZ�SUREDEO\�VKRXOG�KDYH�EHHQ�
LQFUHDVHG�GXULQJ�UXVK�KRXU�DW�WKH�WHVW�VLWH��DV�WKH�YHKLFOH�VSHHG�LQ�WKDW�SHULRG�ZDV�FRQVLGHUDEO\�UHGXFHG��WR�
EHORZ�������NP�K��

)LJXUH���VKRZV WKH�PRQLWRU�DW�WKH�WHVW�VLWH ZLWK���PLFURSKRQHV�

&ŝŐƵƌĞ�ϰ͗ dĞƐƚ�ƐŝƚĞ�Ăƚ��ϲ�<ůĞƚƚ�ǁŝƚŚ�ϯ�ŵŝĐƌŽƉŚŽŶĞƐ�ĂŶĚ�ĂƌƌĂǇ

0LFURSKRQH���DQG���ZDV�ORFDWHG�����P�IURP�WKH�FHQWUH�OLQH�RI�HDFK�RI�WKH�WZR�ODQHV�DQG�DW�D�KHLJKW�RI�����P��
7KLV�LV�LQ�DFFRUGDQFH�ZLWK�WKH�UHTXLUHPHQWV�LQ�,62���������63%���0LFURSKRQH���ZDV�DW�WKH�VDPH�GLVWDQFH�
IURP�ODQH����FORVHVW�ODQH��DV�PLF����EXW�DW���P�KHLJKW��,I�VXFK�D�PRQLWRULQJ�V\VWHP�VKDOO�PHDVXUH�XQDWWHQGHG�
RYHU�D�ORQJHU�SHULRG�RI WLPH��LW�ZRXOG�EH�QHFHVVDU\�WR�XVH�D�KHLJKW�RI���P��WR�SUHYHQW�DQ\�XQZDQWHG�GDPDJH�
WKHIWV RU�XQZDQWHG�VRXQGV�H�J��PDGH�E\�KXPDQV�

$FRXVWLF�2QH�1RUVRQLF�KDV�GHYHORSHG WKH�3UHFLVLRQ�6RXQG�	�9LEUDWLRQ�$QDO\VHU�1RU����DV�SDUW�RI�WKH�
029(�SURMHFW��7KLV�XQLW�LV�SODQQHG�WR�EH�WKH�FHQWUDO�FRQWURO�XQLW�ZLWK�FRPPXQLFDWLRQ�WR�WKH�RWKHU�FHQVRUV�DV�
ZHOO�DV�WKH DFRXVWLFDO�VHQVRU�LQ�D�IXWXUH�PRQLWRU�V\VWHP�IRU�PHDVXULQJ�WKH�QRLVH�IURP�LQGLYLGXDO�YHKLFOHV�LQ�
WUDIILF�

0LF��

0LF �

0LF��7232�ELJER[

0LFURSKRQH�DUUD\

0HW�VWDWLRQ
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ϰ͘ϯ DŝĐƌŽƉŚŽŶĞ�ĂƌƌĂǇ

ϰ͘ϯ͘ϭDŽƚŝǀĂƚŝŽŶ�ƚŽ�ƵƐĞ�ĂŶ�ĂƌƌĂǇ
7R�EH�DEOH�WR�XVH�D�VLQJOH�PLFURSKRQH WR�PHDVXUH�WKH�VRXQG�IURP�RQH�LQGLYLGXDO YHKLFOH LQ�WUDIILF�IORZ�
UHTXLUHV VRPH�OLPLWDWLRQV��2QH�RSWLRQ�LV�WR�XVH D�IL[HG�WLPH�ZLQGRZ��ZKHUH�QR�RWKHU�YHKLFOHV��HLWKHU�LQ�WKH�
VDPH�RU�RSSRVLWH�ODQH��FDQ�EH�SDVVLQJ�
$QRWKHU�RSWLRQ�FDQ�EH�WR�XVH�WKH���G%�UHTXLUHPHQW�DV�VSHFLILHG�LQ�,62���������63%�� 7KLV�LV�EHVW�LOOXVWUDWHG�
LQ�ILJXUH����,I�WKH�OHYHO�LV�DW�OHDVW���G%�ORZHU�RQ�HDFK�VLGH�RI�WKH�PD[LPXP�OHYHO��WKLV�LV�DQ�LQGLFDWLRQ�RI�D�
VLQJOH�SDVV�E\��QRW�DFRXVWLFDOO\�GLVWXUEHG�E\�RWKHU�YHKLFOHV�

&ŝŐƵƌĞ�ϱ͗�/ůůƵƐƚƌĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƌĞƋƵŝƌĞŵĞŶƚ�ĨŽƌ�ƐŝŐŶĂůͲƚŽͲŶŽŝƐĞ�ƌĂƚŝŽ�ĨŽƌ�ŝŶĚŝǀŝĚƵĂů�ǀĞŚŝĐůĞ�ƉĂƐƐͲďǇĞƐ�
;ĨƌŽŵ /^K�ϭϭϴϭϵͲϭͿ

%\�XVLQJ�MXVW�D�VLQJOH�PLFURSKRQH�DQG�D�WLPH�ZLQGRZ�IRU�DQ�DSSURYHG�VLQJOH�SDVV�E\��RQH�FDQ�RQO\�PHDVXUH�
D�FHUWDLQ�SHUFHQWDJH�RI�WKH�WRWDO�SDVVLQJ�YHKLFOHV��7KH�SHUFHQWDJH�ZLOO�RI�FRXUVH�GHSHQG�RQ�WKH�WUDIILF�GHQVLW\�
DW�WKH�ORFDWLRQ�
$W�WKH�FKRVHQ�WHVW�VLWH�DW�(��.OHWW��VHH������D�WRWDO�RI��������SDVVHG�WKH�PRQLWRULQJ�VWDWLRQ�GXULQJ�� GD\V�RI�
PHDVXUHPHQWV��8VLQJ�D���V�WLPH�ZLQGRZ��ZH�DSSURYHG����� YHKLFOHV DV�VLQJOH�SDVV�E\HV��ZKLFK�LV��������RI�
WKH�WRWDO�
,Q�RUGHU�WR�LQFUHDVH�WKLV�QXPEHU��D�VWXG\�WR�XVH�D�PLFURSKRQH�DUUD\�ZDV�FRQGXFWHG�

%$6W��%XQGHVDQVWDOW�I�U�VWUDVVHQYHUNHKU��LQ�*HUPDQ\��WRJHWKHU�ZLWK�D�*HUPDQ�FRPSDQ\��$NXVWLN�
7HFKQRORJLH�*|WWLQJHQ�����KDV�GHYHORSHG�D�V\VWHP�EDVHG�RQ�D�PLFURSKRQH�DUUD\�WHFKQLTXH�WR�GHWHFW�WKH�QRLVH�
OHYHO�RI LQGLYLGXDO�YHKLFOHV�LQ�WUDIILF��7KH�PDLQ�PRWLYDWLRQ�IRU�WKLV�SURMHFW�ZDV�WR�EH�DEOH�WR�SHUIRUP�
PHDVXUHPHQWV�DFFRUGLQJ�WR�,62����������63%��LQ�D�GHQVH�WUDIILF�VLWXDWLRQ�RQ�*HUPDQ�PRWRUZD\V��
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ϰ͘ϯ͘ϮdŚĞŽƌǇ�ĨŽƌ�ƚŚĞ�ĂƌƌĂǇ
,QLWLDOO\��D�VWXGHQW�DW�1718��(LQDU�cGQ¡\��ZDV�JLYHQ�D�WDVN�DV�SDUW�RI�KLV�0DVWHU�WKHVLV� WR�GR�D�WKHRUHWLFDO�
VWXG\�RQ�GLIIHUHQW�DOJRULWKPV�IRU�D�PLFURSKRQH�DUUD\��,Q�KLV�VWXG\��KH�ZDV�XVLQJ�V\QWKHVLVHG�VLJQDOV DQG�WKH�
RXWFRPH�VKRZHG�WKDW�LW�ZDV�IHDVLEOH�WR�XVH�VXFK�DQ�DUUD\�WRJHWKHU�ZLWK��WKH FKRVHQ�DOJRULWKP�WR�GHWHFW�
SDVVLQJ�YHKLFOHV�FORVH�WR�HDFK�RWKHU��+LV�ZRUN�ZDV�VXSHUYLVHG�E\�'U��$XGXQ�6ROYDQJ�DW�6,17()�,&7�

$�)UHQFK�VWXGHQW� /XFDV�&LUHW��IROORZLQJ�VRPH�FRXUVHV�DW 1718������������ZDV�HQJDJHG�LQ�WKH�SURMHFW�WR�
FRQWLQXH�WKH�ZRUN�RI�cGQ¡\�6ROYDQJ��EXW�WR�XVH�UHDO�PHDVXUHPHQWV�RI�VRXQG�VLJQDO�IURP�SDVVLQJ�RI�GLIIHUHQW�
YHKLFOHV�DW�GLIIHUHQW�VSHHGV� &LUHWV�ZRUN�ZDV VXSHUYLVHG�E\�'U��*XQQDU�7DUDOGVHQ���IRUPHUO\�6,17()�,&7��

7KH�WDVN�JLYHQ�WR�/XFDV�&LUHW�ZDV�WR�XVH D�GHFRQYROXWLRQ�DSSURDFK�IRU WKH�PDSSLQJ�RI�DFRXVWLF�VRXUFHV�ZLWK�
D�SKDVHG�PLFURSKRQH�DUUD\V�WR�GHWHUPLQH�WKH�WUDMHFWRU\�RI�GLIIHUHQW�W\SHV RI�YHKLFOHV�PHDVXUHG�DW�WKH�(�
.OHWW�WHVW�ORFDWLRQ �ILJXUH�����)URP�WKLV�HVWLPDWLRQ��KH�ZRXOG�WKHQ�GHWHUPLQH�WKH�PLQLPXP�GLVWDQFH�EHWZHHQ�
WZR�VRXQG�HYHQWV��SDVV�E\�RI�D�YHKLFOH��ZKLFK�DOORZV�VHSDUDWLQJ��LQ�D�SURSHU�ZD\��WKHVH�HYHQWV� *LYHQ�WKLV�
PLQLPXP�GLVWDQFH�LW�ZLOO�EH�SRVVLEOH�WR�HYDOXDWH�WKH�QRLVH�SURGXFHG�LQGLYLGXDOO\�E\�HDFK�YHKLFOH� )LJXUH���
VKRZV�DQ�H[DPSOH�RI�VXFK�D�WUDMHFWRU\�RI�D�SDVV�E\�RI�D�VLQJOH�YHKLFOH�

&ŝŐƵƌĞ�ϲ͗�dƌĂũĞĐƚŽƌǇ�ŽĨ�ƚŚĞ�ƐŽƵŶĚ�ƉŽǁĞƌ�ůĞǀĞů�ŽĨ�Ă�ƐŝŶŐůĞ�ǀĞŚŝĐůĞ�ƉĂƐƐͲďǇ�

7KH�PRVW�IDPRXV�DSSURDFK�IRU�WKH�PDSSLQJ�RI�DFRXVWLF�VRXUFHV�ZDV�WKH�³VXP�DQG�GHOD\´�PHWKRG�XQWLO�WKH�
PLG�����V� EXW�WKLV�PHWKRG�ZDV�TXLFNO\�RXWGDWHG�E\�µµFODVVLFDO�EHDPIRUPLQJ¶¶�DSSURDFKHV LQYROYLQJ�VSHFWUDO�
SURFHVVLQJ�WR�IRUP�FURVV�VSHFWUDO�PDWULFHV��&60���+RZHYHU�WKHVH�PHWKRGV�SUHVHQWHG�VRPH�DFFRPSDQ\LQJ�
LVVXHV�DV�VLGH�OREH�FRQWDPLQDWLRQ��'HFRQYROXWLRQ�$SSURDFK�IRU�WKH�0DSSLQJ�RI $FRXVWLF�6RXUFHV��'$0$6�
ZDV�GHYHORSHG WR�GHP\VWLI\��'�DQG��'�DUUD\�UHVXOWV��WR�UHGXFH�PLVLQWHUSUHWDWLRQ��DQG�WR PRUH�DFFXUDWHO\�
TXDQWLI\�WKH�SRVLWLRQ�DQG�VWUHQJWK�RI�WKH�DFRXVWLF�VRXUFHV� )RU�D�FRPSOHWH�H[SODQDWLRQ�RI�WKH�DOJRULWKP� LW�LV
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UHFRPPHQGHG UHDGLQJ WKH�ZRUN�RI�7KRPDV�)��%URRNV 	 :LOOLDP�0��+XPSKUH\V� DQG�WKH�ZRUN�RI�7DULN�
<DUGLEL�	 -LDQ�/L���

$�QHZ�PHWKRG�ZDV�SURSRVHG�E\�*XQQDU�7DUDOGVHQ��7KLV�PHWKRG�LV�FDOOHG�³&RUUHODWLRQ�ILWWLQJ�PHWKRG´�DQG�LW�
LV�HDVLHU�WR�LPSOHPHQW�LQ�0$7/$%��0RUHRYHU�WKH�UHVROXWLRQ�RI�WKH�FRUUHODWLRQ�SUREOHP�LV�IDVWHU�WKDQ�WKH�
'$0$6�UHVROXWLRQ��7KH�PHWKRG�LV�GHVFULEHG�LQ�WKH�IROORZLQJ�SDUW�

$VVXPH�D�VHW�RI�VRXUFHV�LQ���ǡ ൌሾͳǤǤ ሿ��DQG�D�PLFURSKRQH�DUUD\�ZLWK�0�PHPEHUV ��ǡ ൌሾͳǤǤ ሿ� 7KH�
UHFHLYHG�VLJQDO LV�GHQRWHG \��7KH�ILUVW�VWHS�LV�WR�GLYLGH�WKH�WLPH�GDWD�UHFHLYHG�E\�HDFK�PLFURSKRQH�LQ�,�
VHJPHQWV�RI�/�VDPSOHV��7KHQ�HDFK�VHJPHQW�LV�FRQYHUWHG�LQ�/�SRLQWV�)DVW�)RXULHU�7UDQVIRUP��7KH�UHFHLYHG�
VLJQDO�FDQ�EH�H[SUHVVHG�ZLWK�WKH�IROORZLQJ�IRUPXOD�LQ�WKH�IUHTXHQF\�GRPDLQ�

ൌ ൅ �� ൌ ൅ ǡ

ZKHUH��� LV�WKH�VRXUFH�VLJQDO�LQ�VRXUFH�SRVLWLRQ�N����� LV�WKH�SURSDJDWRU FRHIILFLHQW IURP�VRXUFH�SRLQW�N�WR�
PLFURSKRQH�P��DQG� � LV�WKH�QRLVH�LQ�PLFURSKRQH�P� $VVXPH�IUHH�ILHOG�SURSDJDWLRQ��VR�WKDW��

ሺ ሻ ൌ
ͳ

ሺͳሻ

ZKHUH�UPN LV�WKH�GLVWDQFH�EHWZHHQ�WKH�VRXUFH�SRVLWLRQ�N�DQG�WKH�PLFURSKRQH�P��F� LV�WKH�VSHHG�RI�VRXQG�
O WKH�IUHTXHQF\�

$VVXPH�WKDW�ERWK�VN DQG� P DUH�*DXVVLDQ�SURFHVVHV�� ሺ ሻ ൌ DQG ሺ ሻ ൌ ��WKH�VRXUFH�SRZHUV�
DQG�QRLVH�SRZHU��5HVXOWLQJ�LQ� ሻ� 7KH�FRYDULDQFH�PDWUL[�LV�

ൌ ሺ ሻ ൌ ൅ ሺʹሻ

ZKHUH� ൌ� ሺ�ͳǡǥǡ��ሻ�

,I�ZH�HVWLPDWH�WKH�FRYDULDQFH�PDWUL[�5��WKH�SUREOHP�LV�WKH�UHVROXWLRQ�RI�WKH�IROORZLQJ�HTXDWLRQ�

��ǡ� ʹ� ሺ͵ሻ

VXEMHFW�WR� ǡ
$V�WKH�QXPEHU�RI�VRXUFHV�LV�UHVWULFWHG�WKH�VROXWLRQ�LV�VSDUVH��2QH�PD\�DVVXPH�PDQ\�VRXUFH�SRLQWV�RI�ZKLFK�D�
UHVWULFWHG�QXPEHU�RI�VRXUFHV�DUH�QRW�]HUR��1RWH�WKDW�WKH�H[SUHVVLRQ�DERYH�PD\�EH�UHDUUDQJHG�WR�DQ�HTXDWLRQ�
VR�WKDW�HYHU\�PHPEHU�RI� LV�ILW�WR�ZLWK LWV�FRUUHVSRQGLQJ�PHPEHUV�IURP� ൅ �

ൌ ൅ ሺͶሻ

6XFK�WKDW� ൌ

:KHUH ൌ ǡ ൌሾͳǤǤ ሿǡ ��ZKHQ� VHSDUDWH�HTXDWLRQV�IRU�UHDO�DQG�LPDJLQDU\�SDUW�LV�VHW�XS��IXUWKHU�
WKH�XQNQRZQ�LV� ൌ ሾ ǡǥ ǡ ǡ ሿ� 1RWH�WKDW�.��QRZ�LV�DVVXPHG�VRXUFH�SRVLWLRQV��ZKLFK�FDQ��DQG�VKRXOG��
EH�PXFK�KLJKHU�WKDQ�WKH�UHDOLVWLF�QXPEHU�RI�VRXUFHV�.��DQG�DOVR�ODUJHU�WKDQ�0��
7KH�WRWDO�QXPEHU�RI�HTXDWLRQV�VKRXOG�EH�JLYHQ�E\�QXPEHU�RI�PHPEHUV�DERYH�DQG�RQ�WKH�GLDJRQDO��
��;൅ ሻȀʹ��HYHU\�PHPEHU�EXW�WKH�GLDJRQDO��UHDO�QXPEHUV��ZLOO�FRQWULEXWH�WZR�HTXDWLRQV��VR�WKH�WRWDO�QXPEHU�
RI�HTXDWLRQV�ZLOO�EH��;�
7R�UHVXPH��WR�UHVROYH�WKH�FRUUHODWLRQ�ILWWLQJ�SUREOHP�RQH�KDV�WR�VROYH�WKH�OHDVW�VTXDUH�QRQ�QHJDWLYH SUREOHP�
GHVFULEH�E\�HTXDWLRQ�����
7KLV�SDUW�KDG�EHHQ�DOUHDG\�ZULWWHQ�LQ�0$7/$%�E\�$XGXQ�6ROYDQJ��/XFDV�&LUHW�KDG�WKHQ�WKH�MRE�WR�SURJUDP�
WKH�SDUW�IRU�WKH�GHWHFWLRQ�RI�WKH�SDVV�E\�DQG�WKH�WUDMHFWRU\�HVWLPDWLRQ�IRU�WKH�GHWHFWHG�SDVV�E\�
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ϰ͘ϯ͘ϯdĞƐƚ�ŽĨ�ŵŝĐƌŽƉŚŽŶĞ�ĂƌƌĂǇ
$�WHVW�RI�WKH�DUUD\�ZLWK�GLIIHUHQW�PLFURSKRQH�FRQILJXUDWLRQV�ZDV PDGH�DW�D�URDGVLGH��ZLWK D VHW�XS�DV�VKRZQ�
LQ�ILJXUH���

&ŝŐƵƌĞ�ϳ͗�dĞƐƚ�ĂƌƌĂŶŐĞŵĞŶƚ�ĨŽƌ�ŵŝĐƌŽƉŚŽŶĞ�ĂƌƌĂǇ

7KH�PLFURSKRQH�DUUD\�LV�SODFHG ��� P�IURP�WKH�FHQWUH�OLQH�RI�WKH�QHDUHVW�ODQH�DQG�DW���� P�KHLJKW��:H�DUH�
LQWHUHVWHG�LQ�WKH�GHWHFWLRQ�RI�WKH�SDVV�E\�LQ�WKH�ILUVW�ODQH��ZKLFK�PHDQV�WKDW�ZH�ZDQW�WR�HVWLPDWH�WKH�WUDMHFWRU\�
RI�WKH�FDU�SDVVLQJ�IURP�WKH�OHIW�WR�WKH�ULJKW��,Q�WKH�IROORZLQJ�RI WKLV�UHSRUW� WKLV�NLQG�RI�SDVV�E\ LV�FDOOHG
³GLUHFW�SDVV�E\´��7KH�SDVV�E\�LQ�WKH�RWKHU�GLUHFWLRQ�LV FDOOHG�³RSSRVLWH�SDVV�E\´��
7KH�ILUVW�PLFURSKRQH�LQ�WKH�DUUD\�LV�SRVLWLRQHG DW [� ����7KH�FRGH�LV�EXLOW�WR�DQDO\VH�WKH�VRXUFH�SRZHU�
EHWZHHQ�WKH�WZR�H[WUHPH SRVLWLRQV����� P�RQ�WKH�OHIW�DQG���� P�RQ�WKH�ULJKW��7KH�WRWDO�OHQJWK�RI�WKH�DUUD\�LV�
�P�DQG�ZH�KDYH�HLJKW�PLFURSKRQHV�VSDFH LQ�D�ZD\�WR�DYRLG�KDYLQJ�WKH�VDPH�GLVWDQFH WZLFH�ZLWK�D�PLQLPXP�
VSDFLQJ�RI��� PP��'XH�WR�WKLV�SURSHUW\� WKH�DUUD\ LV EHVW�DGDSWHG�IRU�D�IUHTXHQF\�UDQJH�RI�����WR������+]��
$V�WKH�PD[LPXP�VRXQG�OHYHO�RI�D�FDU�LV�DURXQG����� +]�DW����NP�K��GRPLQDWHG�E\�W\UH�URDG�QRLVH��WKLV�
IUHTXHQF\�UDQJH�LV�VXLWDEOH�IRU�RXU�QHHGV�
7KH�GDWD�UHFHLYHG�E\�HDFK�PLFURSKRQH�DUH�VWRUHG�LQ�D�0$7/$%�ILOH�LQ�RUGHU�WR�EH�HDVLO\�DFFHVVHG�E\�WKH�
SURFHVV�

&ŝŐƵƌĞ�ϴ͗�DŝĐƌŽƉŚŽŶĞ�ĂƌƌĂǇ�ƵƐĞĚ�ĨŽƌ�ƚĞƐƚ
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'XULQJ�WKH�WHVW�RI�WKH�DUUD\�DW�WKH�ORFDWLRQ�(� .OHWW��DQ�DUUD\ RI�HLJKW�PLFURSKRQHV��1RUVRQLF�1RU�����%1&�
ZDV�XVHG��7KH�V\VWHP�UXQV�DW�D������N+]�VDPSOLQJ�UDWH��&DOLEUDWLRQ�ZDV�GRQH�IRU�DOO�PLFURSKRQHV�XVLQJ�D�
����G%���N+]�FODVV���VRXQG�OHYHO�FDOLEUDWRU��

$V�WKH�PHDVXUHPHQWV�ZHUH�PDGH�LQ�D�UHDO�HQYLURQPHQW��LW�ZDV�DOPRVW�LPSRVVLEOH�WR�REWDLQ�GDWD�IRU�HDFK�
VFHQDULR�WKDW�FRXOG�EH�LQYHVWLJDWHG��,W�ZDV�WKHUHIRUH�GHFLGHG�WR�UHFRUG�D�VLQJOH�SDVV�E\�IRU�HDFK�W\SH�RI�
YHKLFOH�LQ�RUGHU�WR�PL[�WKHP�LQ�WKH�FRGH�WR�KDYH�WKH�GLIIHUHQW�FDVHV��7KH�IROORZLQJ�WKUHH�PDLQ�VFHQDULRV�ZHUH�
LQYHVWLJDWHG�

Ͳ 7ZR�VXFFHVVLYH�SDVV�E\�RI�WKH�VDPH�FODVV�RI�YHKLFOH
Ͳ 7ZR�VXFFHVVLYH�SDVV�E\�RI�WZR�GLIIHUHQW�FODVVHV�RI�YHKLFOH
Ͳ &URVV�SDVV�E\�ZLWK�D�VLQJOH�SDVVHQJHU�FDU

ϰ͘ϯ͘ϯ͘ϭ DŝĐƌŽƉŚŽŶĞ�ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ
(YHQ�LI�WKH�DUUD\�KDV���PLFURSKRQHV��RQO\���GLIIHUHQW�FRQILJXUDWLRQV� YDU\LQJ�IURP���WR���PLFURSKRQHV�ZHUH�
XVHG��DV�VKRZQ�LQ�ILJXUH ���
� &RQILJXUDWLRQ �����PLFURSKRQHV
� &RQILJXUDWLRQ �����PLFURSKRQHV
� &RQILJXUDWLRQ �����PLFURSKRQHV
� &RQILJXUDWLRQ �����PLFURSKRQHV

&ŝŐƵƌĞ�ϵ͗��ƌƌĂǇ�ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ

'XULQJ�WKH�ILUVW�WHVWV��WKH�GLVWDQFH�IURP�WKH�DUUD\�WR�WKH�QHDUHVW�ODQH�ZDV���� P��7KLV�GLVWDQFH�ZDV�XVHG�IRU�
WHVWLQJ DQG�LQSXW�WR�WKH�DQDO\VLV�

$V�VKRZQ�LQ�ILJXUH����D�WRWDO�RI���PLFURSKRQH�FRQILJXUDWLRQV�ZHUH�WHVWHG��
7R�KDYH�DQ HVWLPDWLRQ�RI�WKH�HIILFLHQF\�IRU�HDFK�FRQILJXUDWLRQ��WKH�DYHUDJH�LQFUHDVH�RI�WKH�PLQLPXP�
GHWHFWLRQ�GLVWDQFH�FRPSDUHG WR�WKH�FRQILJXUDWLRQ����UHIHUHQFH��ZDV�FRPSXWHG��VHH�WDEOH���
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dĂďůĞ�ϭ͗�ŝŶĐƌĞĂƐĞ�ŽĨ�ŵŝŶŝŵƵŵ�ĚĞƚĞĐƚŝŽŶ�ĚŝƐƚĂŶĐĞ�ĨŽƌ�ĚŝĨĨĞƌĞŶƚ�ĂƌƌĂǇ�ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ
�ŽŶĨŝŐ�Ϯ� Ϯй
�ŽŶĨŝŐ�ϯ ϵϱй
�ŽŶĨŝŐ�ϰ� ϴϬй

(YHQ�LI�WKHUH�LV�D�GHJUHH�RI�XQFHUWDLQW\�WR�WKHVH��WKHRUHWLFDO��UHVXOWV��LW�ZDV�FRQFOXGHG�WKDW�FRQILJXUDWLRQV���
	������PLFURSKRQHV�RQO\��JLYH�WRR�SRRU�UHVROXWLRQV�DQG�FDQQRW�EH�XVHG�IRU�WKH�DLP�RI�WKH�SURMHFW��7KHQ�
WKH�UHVW�RI�WKH�VWXG\�ZDV�PDGH�ZLWKRXW�WKH�FRQILJXUDWLRQV���	���

ϰ͘ϯ͘ϯ͘Ϯ /ŶĨůƵĞŶĐĞ�ŽĨ�ĚŝƐƚĂŶĐĞ�ĨƌŽŵ�ƐŽƵƌĐĞ�ƚŽ�ĂƌƌĂǇ
7KH�ILUVW�UHVXOWV�VKRZHG�WKDW�WKH�DFFXUDF\�RI�HVWLPDWLRQ�RI�WKH�WUDMHFWRU\�RI�WKH�VRXQG�SRZHU�FRXOG�EH�
LPSURYHG�E\�XVLQJ�WKH�UHDO�YHKLFOH�VSHHG�VLJQDO�IURP�WKH�UDGDU��7KH�VWXG\�DOVR�UHYHDOHG�WKDW�WKH�HVWLPDWLRQ�
FRXOG�EH�LPSURYHG�E\�FKDQJLQJ�WKH�IL[HG�GLVWDQFH�\5�IURP�WKH�VRXUFH�WR�WKH�DUUD\� ,QLWLDOO\��WKLV�GLVWDQFH�ZDV�
����P��%\�YDU\LQJ�WKLV�GLVWDQFH�IRU�DOO�WKH�VLQJOH�SDVV�E\�UHFRUGHG��DQ�RSWLPXP�GLVWDQFH�IRU�WKH�YDOXH�RI�WKH�
VRXQG�SRZHU�ZDV�IRXQG��DV�VKRZQ�LQ�ILJXUH�����

&ŝŐƵƌĞ�ϭϬ͗�,ŝƐƚŽŐƌĂŵ�ĨŽƌ�ŽƉƚŝŵƵŵ�ǇZ

(YHQ�LI�WKH�YDOXHV�LQ WDEOH ��DUH�EDVHG�RQ�D�OLPLWHG�QXPEHU�RI�W\SHV�RI�YHKLFOHV��LW�ZDV�XVHG�DV�D JRRG�
HVWLPDWLRQ�RI�WKH�WUDMHFWRU\�IRU�WKH�SDVV�E\�
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dĂďůĞ�Ϯ͗��ƐƚŝŵĂƚŝŽŶ�ŽĨ�ǇZ�ŽƉƚŝŵƵŵ�ĨŽƌ�ĚŝĨĨĞƌĞŶƚ�ǀĞŚŝĐůĞƐͬƐƉĞĞĚƐ

7KH�UHVW�RI�VWXG\�ZDV�PDGH�ZLWK�\5  �����P

7KLV�YDOXH������P��FRUUHVSRQGV�DSSUR[LPDWHO\�WR�WKH�GLVWDQFH�EHWZHHQ�WKH�PLGGOH�RI�WKH�ODQH�DQG�WKH�DUUD\�
�����P��PLQXV�KDOI�RI�WKH�ZLGWK�RI�WKH�ODQH������P�
6LQFH�WKH�QRLVH�DW�VSHHGV�DERYH����NP�K�LV�GRPLQDWHG�E\�W\UH�URDG�QRLVH��WKLV�LV�FRQILUPHG�E\�WKLV�
VLPXODWLRQ��WKH�GRPLQDWLQJ�QRLVH�LV�FRPLQJ�IURP�WKH�W\UHV�QHDUHVW�WR�WKH�DUUD\��ZKLFK�LV�FORVH�WR�����P�

ϰ͘ϯ͘ϯ͘ϯ �ƐƚŝŵĂƚŝŽŶ�ŽĨ�ŵĂǆŝŵƵŵ�ĨƌĞƋƵĞŶĐǇ͕�ĨDĂǆ
$�VLPXODWLRQ�RI�YDU\LQJ�WKH�PD[LPXP�IUHTXHQF\�LQFOXGHG�LQ�WKH�HVWLPDWLRQ�RI�VRXQG�SRZHU�ZDV�PDGH��7KH�
IUHTXHQF\�ZDV�YDULHG�IURP������WR�������+]��ZLWK�FRQILJXUDWLRQ���DQG����7KLV�VLPXODWLRQ�FRQFOXGHG�WKDW�D�
PD[LPXP�IUHTXHQF\�RI������+]�ZDV�VXIILFLHQW��7KLV�LV�DOVR�LQ�OLQH�ZLWK�WKH�IDFW�WKDW�PRVW�RI�WKH�W\UH�URDG�
QRLVH�LV�GRPLQDWLQJ�LQ�WKH�IUHTXHQF\�UDQJH�RI����������+]�

sĞŚŝĐůĞͬ^ƉĞĞĚ;ŬŵͬŚͿ ǇZ�ŽƉƚŝŵƵŵ�;ŵͿ ŵŝŶ�ĚĞǀŝĂƚŝŽŶ�;ƐͿ ĚĞǀŝĂƚŝŽŶ�ĨŽƌ�ϱ͕ϵŵ�;ƐͿ

ƚƌƵĐŬͬϲϵ ϱ͕ϰ Ϭ͕ϬϬϰϲ Ϭ͕ϬϰϮϮ

ďƵƐͬϲϰ ϲ͕ϲ Ϭ͕ϬϬϮϳ Ϭ͕ϬϯϮϴ

ƉĂƐƐĞŶŐĞƌͬϳϮ ϱ͕ϲ Ϭ Ϭ͕ϬϮϲϱ

ƐĞŵŝͲƚƌĂŝůĞƌͬϳϯ ϱ͕ϳ Ϭ͕ϬϬϰϰ Ϭ͕ϬϬϱϱ



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϭϵ ŽĨ ϱϬ

ϰ͘ϯ͘ϯ͘ϰ �ƐƚŝŵĂƚŝŽŶ�ŽĨ�ƚƌĂũĞĐƚŽƌǇ
)LJXUH��� VKRZ�WKH�HVWLPDWHG�WUDMHFWRU\��UHG�FXUYH��DQG�WKH�FRUUHFW �ZKLWH��IRU�D�VLQJOH�SDVV�E\�RI�D�FDU�DW����
NP�K�

&ŝŐƵƌĞ�ϭϭ͗��ƐƚŝŵĂƚĞĚ�;ƌĞĚͿ�ĂŶĚ�ƚƌƵĞ�;ǁŚŝƚĞͿ�ƚƌĂũĞĐƚŽƌǇ�ŽĨ�Ă�ƐŝŶŐůĞ�ƉĂƐƐͲďǇ͕�ĐĂƌ�Ăƚ�ϳϮ�ŬŵͬŚ

:KHQ�WKHUH�DUH�YHKLFOHV�SDVVLQJ�HDFK�RWKHU�LQ�WKH�WZR�ODQHV��D�WUDMHFWRU\�FDQ�ORRN�OLNH�ILJXUH�����,Q�VXFK�D�
FDVH��RQH�FDQQRW�VHSDUDWH�WKLV�LQWR�WZR�VLQJOH�DFRXVWLF�HYHQWV�

&ŝŐƵƌĞ�ϭϮ͗�dƌĂũĞĐƚŽƌǇ�ŽĨ�ŵŝǆĞĚ�ƉĂƐƐͲďǇ



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϮϬ ŽĨ ϱϬ

%DVHG�RQ�WKLV�HVWLPDWLRQ�RI�WKH�WUDMHFWRU\��WKH�PLQLPXP�GLVWDQFH�EHWZHHQ�WZR�VXFFHVVLYH�YHKLFOHV�ZDV�
LQYHVWLJDWHG�WKHRUHWLFDOO\�E\�GHOD\LQJ�RU�LQFUHDVLQJ�WKH�GLVWDQFH�EHWZHHQ�WKHVH�WZR�YHKLFOHV�DV�VKRZQ�LQ�
ILJXUH��� �WKH�WUDMHFWRU\�IRU�HDFK�SDVV�E\�LV�IURP�D�UHDO�PHDVXUHPHQW��

&ŝŐƵƌĞ�ϭϯ͗�dǁŽ�ĐŽŶƐĞĐƵƚŝǀĞ�ƉĂƐƐͲďǇ

)RU�HDFK�WLPH�VLWXDWLRQ����WR���VHF���WKH�PHDQ�VTXDUH�WUDMHFWRU\�GHYLDWLRQ��06'�LQ�VHFRQGV��LV�FDOFXODWHG�

)LJXUH��� VKRZ�VXFK�D�FDOFXODWLRQ�IRU�WZR�VXFFHVVLYH�SDVV�E\HV�RI�SDVVHQJHU�FDUV�DW����NP�K�

&ŝŐƵƌĞ�ϭϯ͗�DĞĂŶ�^ƋƵĂƌĞ��ĞǀŝĂƚŝŽŶ�ĨŽƌ�ƚǁŽ�ƉĂƐƐĞŶŐĞƌ�ĐĂƌƐ

%HORZ�DSSUR[LPDWHO\����P��WKHUH�DUH�KLJK�OHYHOV RI�WKH�06'�YDOXH��ZKLFK�PHDQV WKDW�LW�LV�QRW�SRVVLEOH�WR�
VHSDUDWH YHKLFOHV�ZLWK�D�GLVWDQFH�EHORZ����P�

6LPLODU�FDOFXODWLRQV�ZHUH�GRQH�IRU RWKHU�FRPELQDWLRQV�RI�YHKLFOH�W\SHV��VSHHGV�DQG GULYLQJ�GLUHFWLRQV�



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ Ϯϭ ŽĨ ϱϬ

6RPH�FRPELQDWLRQV�RI�YHKLFOHV� OLNH�D�VHPLWUDLOHU�IROORZHG�E\�D�SDVVHQJHU�FDU� SURYHG�WR�EH�GLIILFXOW�WR�
VHSDUDWH� XVLQJ�RQO\���PLFURSKRQHV�DQG�WKH�HVWLPDWLRQ�WHFKQLTXH��$Q�H[DPSOH�RI�WKLV�LV�VKRZQ�LQ�ILJXUH����

&ŝŐƵƌĞ�ϭϰ͗��ƐƚŝŵĂƚŝŽŶ�ŽĨ�D^��ĨŽƌ�Ă�ƐĞŵŝƚƌĂŝůĞƌ�ĂŶĚ�Ă�ƉĂƐƐĞŶŐĞƌ�ĐĂƌ

7DEOH�� VXPPDUL]H�WKH�ILQGLQJV�IRU�GLIIHUHQW�FRPELQDWLRQV�RI�YHKLFOHV��HLWKHU�IROORZLQJ�HDFK�RWKHU�LQ�WKH�
VDPH�ODQH�RU�FURVVLQJ�HDFK�RWKHU��1RWH�WKDW�WKLV�LV�EDVHG�RQ�D�VLPXODWLRQV��E\�GHFUHDVLQJ�WKH�GLVWDQFH�
EHWZHHQ�WZR�WUDMHFWRULHV��DQG�QRW�RQ��UHDO��SDVV�E\HV�

1RWH�WKDW�WKH�UHVXOWV�LQ�WKH�WDEOH�DUH EDVHG�RQ�FRQILJXUDWLRQ����ZLWK���PLFURSKRQHV�RQO\�

dĂďůĞ�ϯ͗��ƐƚŝŵĂƚŝŽŶ�ŽĨ�ŵŝŶŝŵƵŵ�ĚŝƐƚĂŶĐĞ�ďĞƚǁĞĞŶ�ƚǁŽ�ǀĞŚŝĐůĞƐ͕�ďĂƐĞĚ�ŽŶ�ĐŽŶĨŝŐƵƌĂƚŝŽŶ�Ϯ͘

^ƵĐĐĞƐƐŝǀĞ�WĂƐƐͲ�Ǉ

sĞŚŝĐůĞ�ϭͬsĞŚŝĐůĞ�Ϯ
WĂƐƐĞŶŐĞƌ�ĐĂƌ�
;ϳϮŬŵͬŚͿ ^ĞŵŝͲƚƌĂŝůĞƌ�;ϳϯŬŵͬŚͿ �ƵƐ�;ϲϰŬŵͬŚͿ dƌƵĐŬ�;ϲϵŬŵͬŚͿ

WĂƐƐĞŶŐĞƌ�ĐĂƌ�;ϳϮŬŵͬŚͿ ϭϳ�ŵ ƉƌŽďůĞŵ ϴ�ŵ ϭϰ�ŵ
^ĞŵŝͲƚƌĂŝůĞƌ�;ϳϯŬŵͬŚͿ ƉƌŽďůĞŵ ϯŵ ƉƌŽďůĞŵ ƉƌŽďůĞŵ

�ƵƐ�;ϲϰŬŵͬŚͿ ϴ�ŵ ƉƌŽďůĞŵ ƉƌŽďůĞŵ ϭϯ�ŵ
dƌƵĐŬ�;ϲϵŬŵͬŚͿ ϭϰ�ŵ ƉƌŽďůĞŵ ϭϯ�ŵ ϭϬ͕ϱ ŵ

�ƌŽƐƐ�WĂƐƐͲ�Ǉ

KƉƉŽƐŝƚĞͬ�ŝƌĞĐƚ
WĂƐƐĞŶŐĞƌ�ĐĂƌ�
;ϳϮŬŵͬŚͿ ^ĞŵŝͲƚƌĂŝůĞƌ�;ϳϯŬŵͬŚͿ �ƵƐ�;ϲϰŬŵͬŚͿ dƌƵĐŬ�;ϲϵŬŵͬŚͿ

WĂƐƐĞŶŐĞƌ�ĐĂƌ�;ϳϮŬŵͬŚͿ ϭϱ�ŵ ϳ͕ϱ�ŵ ϭϳ͕ϱ�ŵ ϱ�ŵ

,W�VKRXOG�EH�QRWHG�WKDW����NP�K�LV�HTXLYDOHQW�WR����P�V��$�VHSDUDWLRQ�GLVWDQFH�RI����P�PHDQV�WKDW�WKLV�
�VLPXODWHG��WLPH�EHWZHHQ�WKH�WZR�SDVVHV�LV�OHVV�WKDQ���V��ZKLFK�QRUPDOO\�LV�YHU\�XQVDIH�DQG�UDUH��$���VHFRQG�
UHFRPPHQGHG�VDIH�GLVWDQFH�LV�WKHQ�HTXLYDOHQW�WR����P�VHSDUDWLRQ�GLVWDQFH�
$V�WDEOH � VKRZV��WKHUH�DUH�VRPH�FRPELQDWLRQV�RI�YHKLFOHV�ZKLFK VHHP�SUREOHPDWLF�WR�VHSDUDWH�DFRXVWLFDOO\��
+RZHYHU��WKHUH�VKRXOG�EH�SRVVLELOLWLHV�IRU�LPSURYHPHQWV DQG�WR�VROYH�WKLV�SUREOHP��ERWK�UHODWHG�WR�WKH�
DOJRULWKP�XVHG�DQG�WKH�QXPEHU�RI�PLFURSKRQHV�



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϮϮ ŽĨ ϱϬ

)RU�IXUWKHU�ZRUN��WKH�IROORZLQJ�DFWLRQV�DUH�UHFRPPHQGHG�
� 7R�XVH�FRQILJXUDWLRQV�ZLWK�PRUH�WKDQ���PLFURSKRQHV� OLNH LQ FRQILJXUDWLRQ����ILJXUH���
� 7R�XVH�WKH�UHDO�GDWD��VSHHG��IURP�WKH�UDGDU�V\VWHP�WR�DGMXVW�VHQVLEOH�SDUDPHWHUV LQ�WKH�DOJRULWKP
� 7R�FRPSDUH�WKH�VRXQG�OHYHOV�HVWLPDWHG�E\�WKH�DUUD\�ZLWK�UHDO�SDVV�E\�QRLVH�PHDVXUHPHQWV��LQ�RUGHU�WR�

LQWURGXFH�FRUUHFWLRQ�IDFWRUV��ERWK�PD[LPXP�OHYHOV�DQG�IUHTXHQF\�EDQG�OHYHOV�

ϰ͘ϰ DĞƚĞŽƌŽůŽŐŝĐĂů�ƐǇƐƚĞŵ
7KH�QRLVH�HPLWWHG�E\�D�YHKLFOH�SDVV�E\�LV�LQIOXHQFHG�E\�WKH PHWHRURORJLFDO�FRQGLWLRQV�
7KLV�LQIOXHQFH�LV�PRVWO\�UHODWHG�WR�WKH�W\UH�URDG�QRLVH�
,W�LV�FOHDUO\�DXGLEOH�WKDW�WKH�W\UH�URDG�QRLVH�LV�GLIIHUHQW�RQ�D�ZHW�VXUIDFH��WKDQ�RQ�D�GU\��HVSHFLDOO\�LI�WKHUH�LV�D�
ORW�RI�ZDWHU�RQ�WKH�VXUIDFH��,W�LV�WKH�KLJKHU�IUHTXHQFLHV��DERYH���N+]��ZKLFK�DUH�LQIOXHQFHG�E\�WKH�ZHWQHVV�RI�
WKH�VXUIDFH��

,Q�DGGLWLRQ�WR�WKH�ZHWQHVV��WKHUH�LV�DOVR�D�VLJQLILFDQW�LQIOXHQFH�RI�WKH�WHPSHUDWXUH �DLU�RU�URDG�VXUIDFH� RQ�WKH�
W\UH�URDG�QRLVH IURP�SDVVHQJHU�FDU�W\UHV��)RU�KHDY\�YHKLFOH�W\UHV��WKLV�LQIOXHQFH�LV�OHVV��

6HYHUDO�LQYHVWLJDWLRQV����KDYH�VKRZQ�WKDW�WKH�ORZHU�WKH�WHPSHUDWXUH��WKH�KLJKHU�WKH�W\UH�URDG�QRLVH��7KH�
WHPSHUDWXUH�LV�VSHHG�DQG�URDG�VXUIDFH�GHSHQGHQW��DV�VKRZQ�LQ�WDEOH��� 7KH�UHIHUHQFH�DLU�WHPSHUDWXUH�LV�
����&�

0HDVXUHPHQWV GRQH�E\�6,17()�LQ������LQ�WKH�6,/(1&(�SURMHFW�RQ�63%�� W\SH�RI�PHDVXUHPHQWV�VKRZHG�DQ�
DYHUDJH�RI��������G%��&�IRU�SDVVHQJHU�FDUV �VSHHG�UDQJH�������NP�K���ZKLFK�LV�VLPLODU�WR�WKH�SURSRVDO�IURP�
,62:*�����7HPSHUDWXUH�HIIHFWV����

dĂďůĞ�ϰ͗�WƌŽƉŽƐĞĚ�ƚĞŵƉĞƌĂƚƵƌĞ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ŝŶ�Ě�ͬΣ��ĨŽƌ�ƚŚĞ�^W��ŵĞƚŚŽĚ͘��ĂƐĞĚ�ŽŶ�ŵĞĂƐƵƌĞĚ�Ăŝƌ�
ƚĞŵƉĞƌĂƚƵƌĞϴ͕ϵ͘

,Q�DGGLWLRQ�WR�WHPSHUDWXUH�DQG�URDG�ZHWQHVV��WKH�QRLVH�OHYHO�FDQ�EH�LQIOXHQFHG�WR�VRPH�GHJUHH�E\�WKH�ZLQG��
(YHQ�LI�WKH�PHDVXULQJ�GLVWDQFH�LV�VPDOO �����P�IURP�WKH�FHQWUH�OLQH�RI�WKH�URDG���D�VWURQJ�GRZQZLQG �ZLQG�
IURP�WKH�VRXUFH�WR�WKH�PLFURSKRQH��RU�LQ�WKH�RSSRVLWH�GLUHFWLRQ�PD\�LQIOXHQFH�WKH�QRLVH�OHYHO��,Q�WKH�63%�
VWDQGDUG�D�PD[LPXP�ZLQG�VSHHG�RI���P�V�LV�DOORZHG��

)RU�WKH�WHVW�SURJUDP�LQ�WKH�029(�SURMHFW�WKH�PHW�VWDWLRQ�Z[W����IURP�9DLVDOD�ZDV�XVHG�

7KH�IROORZLQJ�SDUDPHWHUV�ZHUH�DYDLODEOH�
� $LU�WHPSHUDWXUH
� :LQG�VSHHG�DQG�GLUHFWLRQ
� $LU�SUHVVXUH



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ Ϯϯ ŽĨ ϱϬ

� +XPLGLW\
� 3UHFLSLWDWLRQ �UDLQ LQ�PP�

7KHVH�SDUDPHWHUV�ZHUH�ORJJHG�HYHU\�VHFRQG��DQG�WKXV�FDQ�EH�DOORFDWHG�WR�D�VLQJOH�SDVV�E\�RI�D�YHKLFOH�

7KH�PHW�VWDWLRQ�LV�VKRZQ�LQ�ILJXUH���

ϰ͘ϱ �K�ŵĞĂƐƵƌĞŵĞŶƚ�ƐǇƐƚĞŵ
1RUVN�(OHNUR�2SWLNN�$6��1(2��KDV�GHYHORSHG�D�QHZ�ODVHU�EDVHG�JDV�GHWHFWLRQ�V\VWHP��/DVHU*DV�L4���7KLV�LV�
D�JDV�GHWHFWLRQ�V\VWHP�ZKLFK�FDQ�EH�WXQHG�WR�GHWHFW�D�VLQJOH�JDV�EDVHG�RQ�D�WUDQVFHLYHU XQLW��DQG�D�UHIOHFWRU��
DV�VKRZQ�LQ�ILJXUH �� DQG����

&ŝŐƵƌĞ�ϭϱ͗�>ĂƐĞƌ'ĂƐ�ŝYϮ ƚƌĂŶƐĐĞŝǀĞƌ ƵŶŝƚ��������������������������� &ŝŐƵƌĞ�ϭϲ͗�ZĞĨůĞĐƚŽƌ�ƵŶŝƚ

$�GLYHUJHQW�ODVHU�EHDP�LV�VHQW�RXW�IURP�WKH�EDVLF�XQLW��7KLV�EHDP�LV�WKHQ�VHQW�EDFN�IURP�WKH�UHIOHFWRU��7KLV�
UHIOHFWRU�FDQ�EH�SODFHG�DW�D�GLVWDQFH�IURP���WR����P�IURP�WKH�EDVLF�XQLW��7KH�LQVWUXPHQW�FDQ�EH�XVHG�WRJHWKHU�
ZLWK�D����9�EDWWHU\�PRGXOH�

)RU�RXU�SURMHFW��WKH�XQLW�ZDV�FDOLEUDWHG�WR�GHWHFW�&2�ZLWK�WKH�XQLW�SSP
PHWHU��ZLWK�DQ�DYHUDJLQJ�WLPH�RI���V�

%HIRUH�XVLQJ�WKH�ODVHU�V\VWHP�RQ�D�URDG�VLGH�WHVW��1(2�GLG�VRPH�LQLWLDO�WHVWV�RQ�D�SDUNLQJ�DUHD��DV�VKRZQ�LQ�
ILJXUH�����7KH�GLVWDQFH�EHWZHHQ�HDFK�XQLW�ZDV���P��$ FDU�ZLWK�D�SHWURO�HQJLQH�ZDV�XVHG�IRU�WKH�WHVW�ZLWK�
GLIIHUHQW�VSHHGV�DQG�HQJLQH�ORDGLQJ�WR�YDU\�WKH�DPRXQW�RI�&2�IURP�WKH�YHKLFOH��:KHQ�WKH�YHKLFOH�LV�SDVVLQJ�
WKH�EHDP��WKH�WUDQVPLVVLRQ�LV�LQWHUUXSWHG��DV�VKRZQ�LQ�ILJXUH����



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ Ϯϰ ŽĨ ϱϬ

&ŝŐƵƌĞ�ϭϳ͗�dĞƐƚ�ŽĨ�>ĂƐĞƌ'ĂƐ�ŝYϮ ƉƌŽƚŽƚǇƉĞ ŽŶ�Ă�ƉĂƌŬŝŶŐ�ĂƌĞĂ

&ŝŐƵƌĞ�ϭϴ͗�dƌĂŶƐŵŝƐƐŝŽŶ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƚŝŵĞ͘��ƌŽƉͲŽƵƚƐ�ŝƐ�Ă�ƉĂƐƐŝŶŐ�ǀĞŚŝĐůĞ

)LJXUH��� VKRZ�WKH�PHDVXUHPHQWV�RI�WKH�&2�VSHFWUXP�IRU�WZR�GLIIHUHQW�FRQFHQWUDWLRQV�RI�&2�DQG�ILJXUH���
VRPH�RI�WKH�SDVV�E\HV�ZLWK�GLIIHUHQW�&2�OHYHOV��WRJHWKHU�ZLWK�WKH�WUDQVPLVVLRQ��7KLV�WHVW�LQGLFDWHG�WKDW�LW�
ZRXOG�EH�IHDVLEOH�WR�PHDVXUH�WKH�FRQFHQWUDWLRQ�RI�&2�DOVR�IURP�URDG�VLGH�PHDVXUHPHQWV�DQG�IURP�XQNQRZQ�
YHKLFOHV�



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ Ϯϱ ŽĨ ϱϬ

&ŝŐƵƌĞ�ϭϵ͗��K�ƐƉĞĐƚƌƵŵ�ŽĨ�ƚǁŽ�ĚŝĨĨĞƌĞŶƚ�ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ�ŽĨ��K͕�ƚŽŐĞƚŚĞƌ
ǁŝƚŚ�ƚŚĞ�ĂŵďŝĞŶƚ�ůĞǀĞů�ŽĨ��K

&ŝŐƵƌĞ�ϮϬ͗�dƌĂŶƐŵŝƐƐŝŽŶ�ĂŶĚ��K�ĐŽŶĐĞŶƚƌĂƚŝŽŶ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƚŝŵĞ͘�
dĞƐƚ�ǁŝƚŚ�Ă�ƐŝŶŐůĞ�ƉĂƐƐĞŶŐĞƌ�ĐĂƌ

ϱ dĞƐƚ�ƉƌŽŐƌĂŵ

ϱ͘ϭ �ĂůŝďƌĂƚŝŽŶ�ŵĞĂƐƵƌĞŵĞŶƚƐ
,QLWLDO�WHVWV�ZHUH�SHUIRUPHG�XVLQJ�D�VLQJOH�NQRZQ�YHKLFOH��7KLV�WHVW�ZDV�SULPDULO\�WR�DOLJQ�WKH�VWRUDJH�WLPH�RI�
HDFK�RI�WKH�PHDVXULQJ�FRPSRQHQWV��7KH�7232�UDGDU�XQLW�VWRUHV�WKH�VSHHG�RI�D YHKLFOH�DW�GLIIHUHQW�WLPHV��
GHSHQGLQJ�RQ�WKH�GULYLQJ�GLUHFWLRQ��$Q�DSSURDFKLQJ�YHKLFOH�LV�GHWHFWHG�DQG�VWRUHG�HDUOLHU�WKDQ�D�YHKLFOH�
FRPLQJ�IURP�WKH�RWKHU�GLUHFWLRQ��7KH�QRLVH�XQLW��KRZHYHU��PHDVXUH�WKH�SDVVLQJ�YHKLFOH�DW�WKH�VDPH�WLPH��
LQGHSHQGHQW�RI�WKH�GULYLQJ�GLUHFWLRQ��%HFDXVH�RI�WKLV�VLWXDWLRQ��LW�ZDV�QHFHVVDU\�WR�SHUIRUP�FDOLEUDWLRQ�WHVWV�WR�
PDNH�VXUH�WKDW�WKH�GDWD�IURP�WKH�7232�DQG�WKH�QRLVH�XQLW�ZDV�DOLJQHG�WR�WKH�VDPH�YHKLFOH�



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
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,W�ZDV�IRXQG�WKDW�WKLV�WLPH�GLIIHUHQFH�ZDV�VSHHG�LQGHSHQGHQW��

ϱ͘Ϯ EŽŝƐĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ
$�WHVW�RI�WKH�V\VWHP�DV�VKRZQ�LQ�ILJXUH���ZDV�FRQGXFWHG�DW�(��.OHWW�RYHU�WKH�SHULRG��������������
,Q�WKDW�SHULRG��D�WRWDO�RI������� YHKLFOHV�ZHUH�GHWHFWHG�E\�WKH�7232�ELJER[��DV�VKRZQ�LQ�ILJXUH����
7KLV�ILJXUH�VKRZV�WKH�WRWDO�YHKLFOHV�WUDQVIHUUHG�WR�WKH�ZHEVLWH�LQ�*HUPDQ\��7KH YHKLFOHV�ZHUH FODVVLILHG�LQWR�
����FODVVHV���2I�WKHVH��ZH�KDYH�PHDVXUHG�WKH�DSSURYHG�SDVV�E\��QRW�DQ\�RWKHU�YHKLFOHV�ZLWKLQ�D���V�WLPH�
ZLQGRZ� RI������YHKLFOHV�����������

&ŝŐƵƌĞ�Ϯϭ͗�DĞĂƐƵƌĞĚ�ǀĞŚŝĐůĞƐ�ďǇ�dKWK�ĚƵƌŝŶŐ�ƚŚĞ�ƚĞƐƚ�ƉĞƌŝŽĚ͘

)RU�WKH�PRGLILHG�7232�V\VWHP��ZH�KDYH�DFFHVV�WR�UDZ�GDWD�IURP�WKH�VHULDO�SRUW��+RZHYHU��QRW�DOO�GDWD�
WUDQVIHUUHG�WR�WKH�ZHEVLWH�ZDV�DYDLODEOH�WKURXJK�WKH�VHULDO�SRUW��,Q�WKH�DFWXDO�SHULRG��D�WRWDO�RI��������YHKLFOHV�
ZDV�PHDVXUHG�DQG�FDWHJRUL]HG�LQWR�WKH�����FODVVHV��DV�VKRZQ�LQ�ILJXUH���

,Q�WDEOH��� WKH�WRWDO�QXPEHU�RI�YHKLFOHV�ZLWK�D�QRLVH�OHYHO�PHDVXUHG�E\�WKH�/DE9,(:�3&�V\VWHP�LV�VKRZQ�IRU�
DOO�WKH���FDWHJRULHV �FDWHJRU\�QXPEHU�UHIHUV�WR�ILJXUH�����7KLV�LV�OHVV�WKDQ�PHDVXUHG�ZLWK�WKH�7232�V\VWHP��
DV�WKH�QRLVH�ZDV�PHDVXUHG�RQO\�GXULQJ������WK RI�0DUFK��'XULQJ�WKLV�SHULRG��D�WRWDO�RI������YHKLFOHV�ZLWK�
DSSURYHG�QRLVH�OHYHOV�ZHUH�UHJLVWHUHG��7RJHWKHU�ZLWK�����QRQ�FODVVLILHG�KLGGHQ�YHKLFOHV��WKH�WRWDO�LV �����
YHKLFOHV�



fhÈytrj }È³
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dĂďůĞ�ϱ͗�dŽƚĂů�ŶƵŵďĞƌ�ŽĨ�ǀĞŚŝĐůĞƐ�ƉĞƌ�ǀĞŚŝĐůĞ�ĐůĂƐƐ
EŽ sĞŚŝĐůĞ�ĐůĂƐƐͬĐĂƚĞŐŽƌǇ EƵŵďĞƌ�ŽĨ�ŵĞĂƐƵƌĞĚ�ǀĞŚŝĐůĞƐ
ϭ �ůĂƐƐ�ϳ��ĂƌƐ ϳϬϯϯ
Ϯ �ůĂƐƐ�Ϯ��ĂƌƐ�ĂŶĚ�ĚĞůŝǀĞƌǇ�ǀĂŶƐ�н�dƌĂŝůĞƌ ϭϴϯ
ϯ �ůĂƐƐ�ϭϭ��ĞůŝǀĞƌǇ�ǀĂŶƐ ϳϮϵ
ϰ �ůĂƐƐ�ϯ�dƌƵĐŬƐ ϯϭϴ
ϱ �ůĂƐƐ�ϱ��ƵƐ ϳϬ
ϲ �ůĂƐƐ�ϴ�dƌƵĐŬ�н�dƌĂŝůĞƌ ϮϲϬ
ϳ �ůĂƐƐ�ϵ�ZŽĂĚ�ƚƌĂĐƚŽƌ�н�dƌĂŝůĞƌ ϯϵϭ
ϴ �ůĂƐƐ�ϭϬ�DŽƚŽƌĐǇĐůĞƐ ϭϴ
ϵ �ůĂƐƐ�ϲ�hŶŝĚĞŶƚŝĨŝĞĚͬŚŝĚĚĞŶ ǀĞŚŝĐůĞƐ Ϯϴϭ

dŽƚĂů ϵϮϴϯ

ϱ͘Ϯ͘ϭ /ŶĨůƵĞŶĐĞ�ŽĨ�ƌĂŝŶͬǁĞƚŶĞƐƐ
'XULQJ�WKLV�WHVW�SHULRG��WKHUH�ZHUH�VHYHUDO�SHULRGV�ZLWK�UDLQ��
%DVHG�RQ�WKH�GDWD�IRU�ZHWQHVV�IURP�WKH�PHW�VWDWLRQ��ZH�KDYH�FDWHJRULVHG�WKH�PHDVXUHG�YHKLFOHV�LQWR���
SHULRGV�

�� 7RWDOO\�GU\��ORQJ�WLPH�VLQFH�DQ\�UDLQ�
�� 7RWDOO\�ZHW��UDLQ�LV�UHJLVWHUHG�
�� 7UDQVLWLRQ VXUIDFH �UDLQ�KDV�VWRSSHG� WKH�VXUIDFH�LV�GU\LQJ�XS��EXW�PD\�KDYH�VRPH�ZHWQHVV��

7KH�WUDQVLWLRQ�SHULRG�LV�DW�OHDVW����PLQXWHV�DIWHU�ODVW�UDLQIDOO��7KH�WLPH�WR�GU\�XS�ZLOO�GHSHQG�RQ�WKH�WUDIILF�
ORDG�DW�WKH�WLPH�

7KH�VHSDUDWLRQ�RI�WKHVH � SHULRGV�LV EHVW�LOOXVWUDWHG�XVLQJ WKH�IUHTXHQF\�VSHFWUD��DV�VKRZQ�LQ�ILJXUH ����,Q�WKLV�
ILJXUH� WKH�IUHTXHQF\�VSHFWUD�IRU�FDUV�LQ�WKH�VSHHG�UDQJH�RI�������NP�K�DUH�VKRZQ�

&ŝŐƵƌĞ�ϮϮ͗�&ƌĞƋƵĞŶĐǇ�ƐƉĞĐƚƌĂ�ĨŽƌ�ĐĂƌƐ�ŽŶ�Ă�ĚƌǇ͕�ǁĞƚ�Žƌ�Ă�ƐƵƌĨĂĐĞ�ĚƌǇŝŶŐ�ƵƉ�;dƌĂŶƐͿ
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7KH�UHVXOWV�VKRZ�WKDW�D�ZHW�VXUIDFH�RQO\�LQIOXHQFHV�WKH�IUHTXHQF\�VSHFWUD�DERYH�DSSUR[LPDWHO\������+]��,W�LV�
PHUHO\�D�KLJK�IUHTXHQF\�SKHQRPHQRQ��)XUWKHUPRUH��LW�LV�QHFHVVDU\�WR�UHPRYH�SDVV�E\HV�RQ�D�VXUIDFH�GU\LQJ�
XS��$W�OHDVW�D�������PLQXWHV�VORW�WLPH�DIWHU�WKH�UDLQ�KDV�VWRSSHG�VKRXOG�EH�DOORZHG��GHSHQGLQJ�RQ�WKH�WUDIILF�
YROXPH�DW�WKH�WLPH��/HVV�WUDIILF�PHDQV�D�ORQJHU�GU\LQJ�XS�WLPH�

ϱ͘Ϯ͘Ϯ /ŶĨůƵĞŶĐĞ�ŽĨ�ŵŝĐƌŽƉŚŽŶĞ�ƉŽƐŝƚŝŽŶƐ
7KH�QRUPDO�SRVLWLRQ�WR�PHDVXUH�QRLVH�IURP�YHKLFOHV�LV�DW���� P�IURP�WKH�FHQWUH�OLQH�RI�WKH�ODQH��DQG�DW�D�
KHLJKW�RI�����P��7KLV�LV�GHILQHG�LQ�ERWK�WKH�W\SH�DSSURYDO�QRLVH�VWDQGDUG�IRU�YHKLFOHV��,62�������������� DQG�LQ�
WKH�6WDWLVWLFDO�3DVV�E\�0HWKRG��,62����������

,I�RQH�VKDOO�PRQLWRU�WKH�LQGLYLGXDO�QRLVH�IURP�YHKLFOHV�RQ�D�GXDO�ODQH�URDG��WKHUH�DUH�WKHQ�WZR�RSWLRQV�
�� 7R�XVH�D VLQJOH�PLFURSKRQH�DW�����P�GLVWDQFH�IURP�WKH�QHDUHVW�ODQH�DQG�WKHQ�LQWURGXFH�D�FRUUHFWLRQ�

IDFWRU�IRU�WKH�YHKLFOHV�SDVVLQJ�DW�D�ORQJHU�GLVWDQFH�
�� 7R�XVH�WZR�PLFURSKRQHV����� P IURP�HDFK�RI�WKH�ODQHV�

$W�WKH�WHVW�VLWH�(��.OHWW��VRPH�PHDVXUHPHQWV�ZHUH�GRQH�ZLWK�ERWK�D�VLQJOH�PLFURSKRQH�DQG ZLWK�WZR�
PLFURSKRQHV��DV�VKRZQ�LQ�ILJXUH���

0LFURSKRQH���LV�����P�IURP�WKH�QHDUHVW�ODQH��ODQH����DQG������P�IURP�WKH�RWKHU�ODQH��ODQH����
,I�HDFK�YHKLFOH�LV�UHJDUGHG�DV�D�SRLQW�VRXUFH����
ORJ�G��G�����WKH�FRUUHFWLRQ�IDFWRU�ZRXOG�EH�������G%��7KLV�
PHDQV�WKH�QRLVH�OHYHOV�LQ�ODQH���PHDVXUHG�ZLWK�PLFURSKRQH���VKDOO�KDYH�D�FRUUHFWLRQ �����G%�WR�EH�
FRPSDUDEOH�ZLWK�WKH�OHYHOV�PHDVXUHG�LQ�ODQH���

+RZHYHU��VLPXOWDQHRXVO\�PHDVXUHPHQWV�XVLQJ�ERWK�PLF���DQG���ZHUH�PDGH��WKXV�HQDEOH�D�GLUHFW�FRPSDULVRQ�
EHWZHHQ�WKH�WZR�PLFURSKRQH�VLJQDOV�
%DVHG�RQ�D�OLPLWHG�QXPEHU�RI�FDUV�������WKH�GLIIHUHQFH�ZDV�IRXQG�WR�EH�����G%��ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI�
�����G%��7KLV�LV�OHVV�WKDQ�WKH�WKHRUHWLFDO�GLIIHUHQFH��EDVHG�RQ�D�SRLQW�VRXUFH��+RZHYHU��WKH�VRXUFH�LV�PRYLQJ��
DQG�KDV�D�GLVWULEXWHG�FRQILJXUDWLRQ �IURQW�DQG�UHDU�W\UHV���,I�WKH�FDU�LV�GHILQHG�DV�D�OLQH�VRXUFH��ZKLFK�LV�GRQH�
IRU�D�WUDIILF�IORZ�RI�FDUV���WKHQ�WKH�FRUUHFWLRQ�IDFWRU�ZRXOG�EH������G%��7KH�PHDVXUHG�GLIIHUHQFH�LV�LQGLFDWLQJ�
WKDW�WKH�SDVVLQJ�FDU�LV�VRPHZKHUH�EHWZHHQ�D�SRLQW�DQG�D�OLQH�VRXUFH�

7R�KDYH�D�IL[HG�SHUPDQHQW�PRQLWRULQJ�VWDWLRQ�ZLWK�PLFURSKRQHV�DW�D�KHLJKW�RI�����P�PD\�EH�D�ULVN�IRU�
GDPDJH�DQG�SHUKDSV�WKHIWV��,W�ZRXOG�EH�VDIHU WR�XVH�D�KLJKHU�SRVLWLRQ OLNH�����P��7KLV�LV�QRUPDOO\�DOZD\V�
GRQH�LQ�RWKHU�FRXQWULHV�OLNH�WKH�1HWKHUODQGV��ZKHQ D 63%�W\SH�RI�PHDVXUHPHQWV�LV�SHUIRUPHG�

)RU�RXU�WHVW��LW�ZDV�WKHUHIRUH�DGGHG�D�PLFURSKRQH�SRVLWLRQV�DW���P�KHLJKW��0LF���LQ�ILJXUH ����WRJHWKHU�ZLWK�
WKH�SRVLWLRQ�DW�����P�

�� )RU�YHKLFOHV�LQ�ODQH����FORVHVW�WR�PLFURSKRQHV��
7KHRUHWLFDOO\�GLIIHUHQFH����
ORJ�G��G���  �����G%
0HDVXUHG�GLIIHUHQFH������G%��VWDQGDUG�GHYLDWLRQ������G%

�� )RU�YHKLFOHV LQ�ODQH ��
7KHRUHWLFDO�GLIIHUHQFH�������G%
0HDVXUHG�GLIIHUHQFH�����G%��VWDQGDUG�GHYLDWLRQ������G%

7KHUH�LV�REYLRXVO\�D�GLVFUHSDQF\�EHWZHHQ�WKH�WKHRUHWLFDO�YDOXHV�DQG�ZKDW�ZH�PHDVXUH��,W�LV�UHFRPPHQGHG�WR�
LQFUHDVH�WKLV�W\SH�RI�FRPSDULVRQ�PHDVXUHPHQWV�LI�D�FRUUHFWLRQ�IDFWRU�VKDOO�EH�LQWURGXFHG�
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ϱ͘Ϯ͘ϯDĞĂƐƵƌĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽŶ�ĚƌǇ�ƐƵƌĨĂĐĞƐ
%HFDXVH�RI�WKH�ILQGLQJV�LQ�FKDSWHU��������RQO\�WKH�PHDVXUHG�OHYHOV�IURP�YHKLFOHV�RQ�D�GU\�VXUIDFH DQG�ZLWK�D�
PLFURSKRQH�SRVLWLRQ�DW�����DQG�DW�D�KHLJKW�RI�����P�LV�XVHG�WR�FRPSDUH�WKH�QRLVH�OHYHOV�IURP�WKH�GLIIHUHQW�
FDWHJRULHV��
,Q�WDEOH����WKH�DYHUDJH QRLVH�OHYHO�IRU�HDFK�RI�WKH�FDWHJRULHV�LV�VKRZQ� WRJHWKHU ZLWK�WKH�VWDQGDUG�GHYLDWLRQ��
)RU�WKLV�FRPSDULVRQ��RQO\�WKH�OHYHOV�IURP�ODQH���DUH�LQFOXGHG��WR�DYRLG�DQ\�LQIOXHQFH�RI�FRUUHFWLRQ�IDFWRUV�
�VHH�FKDSWHU�������� $OO�OHYHOV�DUH�FRUUHFWHG�WR�D�UHIHUHQFH�VSHHG�RI����NP�K�� �SRVWHG�VSHHG�DW�WKH�ORFDWLRQ���
XVLQJ�WKH�UHODWLRQVKLS���
ORJ�Y�YUHI�� ,W�VKRXOG�EH�QRWHG�WKDW�RQO\�YHKLFOHV�ZLWK�D�VSHHG�DERYH����NP�K�LV�XVHG�
IRU�FDOFXODWLRQ�RI�DYHUDJH�OHYHOV��VHH�DOVR�FKDSWHU����������

,Q�ILJXUH�����WKH�OHYHOV�DUH�VKRZQ��LQFOXGLQJ�WKH������FRQILGHQFH�LQWHUYDOV�

dĂďůĞ�ϲ͗ DĞĂƐƵƌĞĚ�ĂǀĞƌĂŐĞ �ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ ůĞǀĞů ;Ě�Ϳ ĨŽƌ�ϴ�ĐůĂƐƐĞƐ�ŽĨ�ǀĞŚŝĐůĞƐ͕�ƌĞĨĞƌĞŶĐĞ�ƐƉĞĞĚ�с�ϳϬ�ŬŵͬŚ

�ůĂƐƐ �ĂƌƐ
�ĂƌƐͬĚĞůŝǀ͘
нdƌĂŝůĞƌ

�Ğůŝǀ͘�
ǀĂŶƐ �ƵƐ dƌƵĐŬ

dƌƵĐŬ�н�
dƌĂŝůĞƌ

ZŽĂĚ�ƚƌƵĐŬ�
нdƌĂŝůĞƌ D�

EƵŵďĞƌ ϯϵϯϵ ϭϬϯ ϯϯϱ ϱϰ ϭϳϱ ϴϰ ϭϳϱ ϵ
>ĂǀĞƌĂŐĞ͕�Ě� ϴϭ͕Ϯ ϴϯ͕ϯ ϴϮ͕ϭ ϴϯ͕ϴ ϴϰ͕ϳ ϴϳ͕ϱ ϴϳ͕ϴ ϴϯ͕ϱ
^ƚ͘ĚĞǀ͕�Ě� Ϯ͕Ϯ Ϯ͕Ϭ ϭ͕ϳ ϭ͕Ϯ ϭ͕ϵ ϭ͕ϯ Ϯ͕ϰ ϯ͕Ϯ

&ŝŐƵƌĞ�Ϯϯ͗�DĞĂƐƵƌĞĚ�ĂǀĞƌĂŐĞ��ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ�ůĞǀĞů ;Ě�Ϳ ĨŽƌ�ϴ�ĐůĂƐƐĞƐ�ŽĨ�ǀĞŚŝĐůĞƐ͘�ZĞĨĞƌĞŶĐĞ�ƐƉĞĞĚ�с�ϳϬ�ŬŵͬŚ

7KH�GLIIHUHQFH�LV�QRLVH�OHYHOV�DUH�KLJKO\�FRUUHODWHG�WR�WKH�QXPEHU�RI�D[OHV�RI�WKH�SDVVLQJ�YHKLFOHV�
&ODVV����OLJKW�YHKLFOHV�ZLWK�D�WUDLOHU��KDV�QRUPDOO\�����D[OHV��ZKLOH�FODVV����FDUV��DQG�FODVV�����GHOLYHU\�YDQV�
KDV���D[OHV��
&ODVV����EXV��DQG�FODVV����WUXFN��KDV�QRUPDOO\�XS�WR���D[OHV��ZKLOH�FODVV���DQG���KDV�QRUPDOO\���RU�PRUH�
D[OHV�

7KH�UHVXOWV DOVR VKRZ�WKDW�WKH�ODUJHVW�VSUHDG�LQ�OHYHOV�LV IRU�WKH�PRWRUF\FOHV��+RZHYHU��WKH�QXPEHU�RI�
PHDVXUHG�PRWRUF\FOHV�LV�VPDOO������



fhÈytrj }È³
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nthixÈ}
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ϱ͘Ϯ͘ϰEŽŝƐĞ�ůĞǀĞůƐ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƐƉĞĞĚ͕�Ăůů ĐůĂƐƐĞƐ

,Q�ILJXUH�����DOO�WKH�PHDVXUHG�QRLVH�OHYHOV�IURP�FODVV����FDUV DUH�VKRZQ��$OO�PHDVXUHPHQWV�DUH�RQ�D�GU\�
VXUIDFH�

,W�VKRXOG�EH�PHQWLRQHG�WKDW�DOO�OHYHOV LQ�ODQH����UHG GRWV��DUH�XQFRUUHFWHG��DQG�WKXV�RQ�DYHUDJH�VKRXOG�EH�
VRPHZKDW�KLJKHU�WKDQ�WKH�OHYHOV�LQ�ODQH����EOXH GRWV���7KH�QXPEHU�RI�YHKLFOHV�PHDVXUHG�LV�GLIIHUHQW�IURP�WKH�
QXPEHUV�JLYHQ�LQ�WDEOH����DV�RQO\�WKH�OHYHOV�RQ�D�GU\�VXUIDFH�DUH�VKRZQ� 1R�WHPSHUDWXUH�FRUUHFWLRQ�IDFWRU�KDV�
EHHQ�DSSOLHG�

&ŝŐƵƌĞ�Ϯϰ͗�DĞĂƐƵƌĞĚ �ͲǁĞŝŐŚƚĞĚ ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ĐĂƌƐ�;ĐůĂƐƐ�ϳͿ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ǀĞŚŝĐůĞ�ƐƉĞĞĚ͘�
EŽ�ŽĨ ǀĞŚŝĐůĞƐс�ϲϱϴϱ

)URP�WKLV�ILJXUH��LW�LV FOHDU�WKDW�WKH�QRLVH�OHYHOV�RI�YHKLFOHV�EHORZ�DSSUR[LPDWHO\����NP�K�DUH�LQIOXHQFHG�E\�
RWKHU�YHKLFOHV�DW�WKLV�ORFDWLRQ��EHFDXVH WKH�IL[HG���V�VHSDUDWLRQ�WLPH�LV�WRR�VKRUW� 1RUPDOO\��WKH�QRLVH�OHYHOV�
EHORZ����NP�K�ZRXOG�EH�EHWZHHQ����DQG����G%��

7KH�ORZ�VSHHG�LV�UHODWHG�WR�YHKLFOHV�SDVVLQJ�WKH�PRQLWRU�GXULQJ�UXVK�KRXU��:LWK�D�IL[HG�VHSDUDWLRQ�WLPH�RI���
V��LW�LV�REYLRXV�WKDW�WKH�OHYHO�IURP�RQH�FDU�LV�LQIOXHQFHG�E\�RWKHU�FDUV��HLWKHU�LQ�IURQW�RU�EHKLQG�WKH�REMHFW��7R�
VROYH�WKLV�SUREOHP��DQ�LQFUHDVH�RI�WKLV�WLPH�ZLQGRZ�FRXOG�EH�RQH�VROXWLRQ��EXW�WKHQ�IHZHU�YHKLFOHV�ZLOO�EH�
PHDVXUHG��8VLQJ�D�PLFURSKRQH�DUUD\�ZKLFK�LV�DEOH�WR�VHSDUDWH�YHKLFOHV�HYHQ�DW�ORZ�VSHHG�LV�DQRWKHU�VROXWLRQ�

7KH�ILJXUH�VKRZV WKDW�WKHUH�LV�SDVVLQJ�YHKLFOHV�����LQ�WKLV�FODVV�WKDW�KDV�DQ�DEQRUPDO�KLJK�QRLVH�OHYHO��
DSSUR[LPDWHO\�������G%�KLJKHU WKDQ�WKH�DYHUDJH��7KH�PHDVXUHG�SDVV�E\�OHYHOV�DUH�LQ�WKH�UDQJH ��������G%��
DW�D��QRUPDO��VSHHG�RI�������NP�K��,W�LV�REYLRXV�WKDW�WKHVH�YHKLFOHV�FDQ�EH�D�QXLVDQFH�WR�WKH�HQYLURQPHQW�DQG�

1RLV\�YHKLFOHV



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϭ ŽĨ ϱϬ

VKRXOG�EH�DYRLGHG��7KLV�FDQ�EH�GRQH��HLWKHU�E\�WKH�VWDQGDUG�SHULRGLFDO�FKHFN�RI�WHFKQLFDO�FRQGLWLRQ�RI�WKH�
YHKLFOH��RU�E\�D�URDGVLGH�FRQWURO�EDVHG�RQ�VXFK�D�PRQLWRULQJ�V\VWHP�
$ QXPEHU�SODWH�UHFRJQLWLRQ�V\VWHP��VHH�FKDSWHU����FRXOG�DOVR�EH�XVHG�WR�LGHQWLI\ WKH�W\SH�RI�YHKLFOH��HQJLQH�
W\SH��\HDU�RI�SURGXFWLRQ��HWF���DQG�WKHQ�EH�D�WRRO�WR�FKHFN�WKH�YHKLFOH�
)LJXUHV����WR����VKRZ�WKH PHDVXUHG�QRLVH�OHYHOV�RI�RWKHU���FODVVHV�

&ŝŐƵƌĞ�Ϯϱ͗�DĞĂƐƵƌĞĚ��ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ĐĂƌƐ�ĂŶĚ�ĚĞůŝǀĞƌǇ�ǀĂŶƐ�ǁŝƚŚ�Ă�
ƚƌĂŝůĞƌ�;ĐůĂƐƐ�ϮͿ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ǀĞŚŝĐůĞ�ƐƉĞĞĚ͘�EŽ�ŽĨ�ǀĞŚŝĐůĞƐ�с�ϭϳϱ

&ŝŐƵƌĞ�Ϯϲ͗�DĞĂƐƵƌĞĚ �ͲǁĞŝŐŚƚĞĚ ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ĚĞůŝǀĞƌǇ�ǀĂŶƐ�;ĐůĂƐƐ�ϭϭͿ�ĂƐ Ă�
ĨƵŶĐƚŝŽŶ�ŽĨ�ǀĞŚŝĐůĞ ƐƉĞĞĚ͘ EŽ�ŽĨ�ǀĞŚŝĐůĞƐс�ϲϳϭ



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϮ ŽĨ ϱϬ

&ŝŐƵƌĞ�Ϯϳ͗�DĞĂƐƵƌĞĚ��ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ďƵƐĞƐ�;ĐůĂƐƐ�ϱͿ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ǀĞŚŝĐůĞ�ƐƉĞĞĚ͘�
EŽ�ŽĨ�ǀĞŚŝĐůĞƐ�с�ϲϲ

&ŝŐƵƌĞ�Ϯϴ͗�DĞĂƐƵƌĞĚ��ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ƚƌƵĐŬƐ�;ĐůĂƐƐ�ϯͿ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ ǀĞŚŝĐůĞ�ƐƉĞĞĚ͘
EŽ�ŽĨ�ǀĞŚŝĐůĞƐ�с�Ϯϴϴ



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϯ ŽĨ ϱϬ

&ŝŐƵƌĞ�Ϯϵ͗�DĞĂƐƵƌĞĚ��ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ƚƌƵĐŬƐ�ǁŝƚŚ�Ă�ƚƌĂŝůĞƌ�;ĐůĂƐƐ�ϴͿ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�
ŽĨ�ǀĞŚŝĐůĞ�ƐƉĞĞĚ͘��EŽ�ŽĨ�ǀĞŚŝĐůĞƐ�с�ϮϮϳ

&ŝŐƵƌĞ�ϯϬ͗�DĞĂƐƵƌĞĚ��ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ƌŽĂĚ�ƚƌĂĐƚŽƌƐ�;ƐĞŵŝƚƌĂŝůĞƌͿ�ǁŝƚŚ�Ă�ƚƌĂŝůĞƌ�;ĐůĂƐƐ�ϵͿ�
ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ��ǀĞŚŝĐůĞ�ƐƉĞĞĚ͘�EŽ�ŽĨ�ǀĞŚŝĐůĞƐ�с�ϯϱϰ

1RLV\�YHKLFOH



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϰ ŽĨ ϱϬ

,Q�WKLV�FODVV��WKHUH�LV�RQH�YHKLFOH�ZLWK�D�QRLVH�OHYHO�RI�PRUH�WKDQ����G%�WKDQ�WKH�DYHUDJH��,W�LV�REYLRXV�WKDW�
VXFK�YHKLFOHV�KDV�DQ�XQ�OHJDO�QRLVH�OHYHO�DQG�VKRXOG�EH�UHSDLUHG RU�PRGLILHG�

&ŝŐƵƌĞ�ϯϭ͗�DĞĂƐƵƌĞĚ��ͲǁĞŝŐŚƚĞĚ�ŶŽŝƐĞ�ůĞǀĞůƐ�ŽĨ�ŵŽƚŽƌĐǇĐůĞƐ�;ĐůĂƐƐ�ϭϬͿ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ
ŽĨ�ǀĞŚŝĐůĞ�ƐƉĞĞĚ͘ EŽ�ŽĨ�ǀĞŚŝĐůĞƐ�с�ϭϲ

,Q�JHQHUDO��WKH�UHVXOWV�VKRZ�WKDW�LW�LV�IHDVLEOH�WR�XVH�VXFK�D PRQLWRULQJ�HTXLSPHQW�WR�LGHQWLI\�QRLV\�YHKLFOHV��
IRU�H[DPSOH�LQ�FRPELQDWLRQ�ZLWK�DQ�$135�V\VWHP�OLQNHG�WR�$8726<6 �$135�LV�QRW�IHDVLEOH�IRU�
PRWRUF\FOHV��

ϱ͘ϯ �K�ŵĞĂƐƵƌĞŵĞŶƚƐ ǁŝƚŚ�>ĂƐĞƌ'ĂƐ�ŝYϮ

��$�ILHOG�WHVW�ZDV�FRQGXFWHG�RQ�)Y�����%UDWVEHUJYHLHQ WR�VHH�LI�LW�ZDV�IHDVLEOH�WR�PHDVXUH�&2�RI�SDVVLQJ�
YHKLFOHV� 7KH�UDGDU��7232��DQG�QRLVH�PHDVXUHPHQW�V\VWHP��ZLWKRXW�WKH�PHW�VWDWLRQ��ZHUH�LQFOXGHG�LQ�WKH�
WHVW��LQ�RUGHU�WR�PHDVXUH�WKH�VSHHG�DQG�QRLVH�RI�WKH�SDVVLQJ�YHKLFOH� )LJXUH����DQG����VKRZ�WKH�VHW�XS�IRU�WKH
PHDVXUHPHQWV�

7KH�WHVW�ZDV�VSLOW�LQWR�WZR SDUWV�
�� 0HDVXUHPHQWV RI WHVW�YHKLFOHV
�� 0HDVXUHPHQWV RI UDQGRP�SDVVLQJ�YHKLFOHV



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϱ ŽĨ ϱϬ

&ŝŐƵƌĞ�ϯϮ͗� ^Ğƚ�ƵƉ�ǁŝƚŚ�>ĂƐĞƌ'ĂƐ�ŝYϮ͕ ǁŝƚŚ�ƌĞĨůĞĐƚŽƌ�ŽŶ�ƚŚĞ�ŽƉƉŽƐŝƚĞ�ƐŝĚĞ�ŽĨ��ƌĂƚƐďĞƌŐǀĞŝĞŶ

&ŝŐƵƌĞ�ϯϯ͗�dKWKͲďŝŐďŽǆ�ĂŶĚ�ŵŝĐƌŽƉŚŽŶĞ�ƐĞƚͲƵƉ�Ăƚ��ƌĂƚƐďĞƌŐǀĞŝĞŶ



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϲ ŽĨ ϱϬ

ϱ͘ϯ͘ϭDĞĂƐƵƌĞŵĞŶƚ�ǁŝƚŚ�ƚĞƐƚ�ǀĞŚŝĐůĞƐ
)RU�WKH�ILUVW�SDUW RI�WKH�WHVW��WKH�IROORZLQJ���FDUV�ZHUH�XVHG�

dĂďůĞ�ϳ͗�dĞƐƚ�ŽĨ�ŬŶŽǁŶ�ǀĞŚŝĐůĞƐ
&DU�QR 7\SH�PRGHO��\HDU�RI�SURG� (QJLQH 7UDQVPLVVLRQ
� 9:�*ROI�9DULDQW������ 'LHVHO ��VSHHG�PDQXDO
� 9:�&DGG\������ 'LHVHO ��VSHHG�PDQXDO
� 0D]GD�&;�������� 'LHVHO $XWRPDWLF

7KLV WHVW�ZDV�LQ�WZR�SDUWV�
�� &RQVWDQW�VSHHG�SDVV�E\�WHVW�IURP����WR����NP�K
�� $FFHOHUDWLRQ��PRGHUDWH��ZLWK�VWDUWLQJ�VSHHG�YDU\LQJ�IURP����WR����NP�K

'XULQJ�WKH�FRQVWDQW�VSHHG�WHVW��WKH�RLO�WHPSHUDWXUH��LQGLFDWLRQ�RQ�HQJLQH�WHPSHUDWXUH��ZDV�PRQLWRUHG�RQ�WKH�
9:�*ROI��DV�WKLV�WHPSHUDWXUH�LV�VKRZQ�RQ�WKH�GLVSOD\�RQ�WKH�GDVKERDUG�ZLWK�GLJLWV��)RU�WKLV�FDU��WKH�WHVW DW�
WKH�ORZ�VSHHGV�WKHQ�LQGLFDWHV�D�FROG�VWDUW�FRQGLWLRQ��ZKLFK�QRUPDOO\�JLYHV�KLJKHU�HQHUJ\�FRQVXPSWLRQ�&2�
OHYHO�

)RU�WKH�9:�&DGG\��RQO\�YLVXDO�UHDGLQJ�RI�WKH�RLO�WHPSHUDWXUH�OHYHO�LV�SRVVLEOH��VHH�ILJXUH����

&ŝŐƵƌĞ�ϯϰ͗�Kŝů�ƚĞŵƉĞƌĂƚƵƌĞ�ŽĨ�st��ĂĚĚǇ͘�ZŝŐŚƚ͗�ϳϬ�Σ��;ƐƚĂƌƚ�ŽĨ�ƚĞƐƚͿ͕�>ĞĨƚ͗�ϵϬ�Σ��;ŶŽƌŵĂů�ƚĞŵƉ͘Ϳ

7KH�0D]GD�&;���KDG�QR�YLVXDO�LQGLFDWLRQ�RI�WKH�RLO�WHPSHUDWXUH�

)LJXUHV����WR����VKRZ�WKH�GHWHFWLRQ�OHYHO�RI�&2�IURP�WKH�ODVHU�GXULQJ�WKH�WHVW�RI�WKH���FDUV��WRJHWKHU�ZLWK�WKH�
WUDQVPLVVLRQ��������WUDQVPLVVLRQ�OHYHO�LV�ZKHQ�WKHUH�LV�QR�SDVVLQJ�YHKLFOH� 1RWH�WKDW�WKH�VSHHGV�LQGLFDWHG�LQ�
WKH�ILJXUHV�DUH�WDUJHW�VSHHGV�DQG�QRW�QHFHVVDULO\�WKH�PHDVXUHG�VSHHG��VHH�WDEOH����



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϳ ŽĨ ϱϬ

&ŝŐƵƌĞ�ϯϱ͗�DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ��K�ůĞǀĞů�ĚƵƌŝŶŐ�ƚĞƐƚ�ŽĨ�st�'ŽůĨ͕�ĐŽŶƐƚĂŶƚ�ƐƉĞĞĚ

&ŝŐƵƌĞ�ϯϲ͗�DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ��K�ůĞǀĞů�ĚƵƌŝŶŐ�ƚĞƐƚ�ŽĨ�st�'ŽůĨ͕�ĂĐĐĞůĞƌĂƚŝŽŶ



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϴ ŽĨ ϱϬ

&ŝŐƵƌĞ�ϯϳ͗�DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ��K�ůĞǀĞů�ĚƵƌŝŶŐ�ƚĞƐƚ�ŽĨ�st��ĂĚĚǇ͕�ĐŽŶƐƚĂŶƚ�ƐƉĞĞĚ�ĂŶĚ�ĂĐĐĞůĞƌĂƚŝŽŶ

&ŝŐƵƌĞ�ϯϴ͗�DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ��K�ůĞǀĞů�ĚƵƌŝŶŐ�ƚĞƐƚ�ŽĨ�DĂǌĚĂ��yͲϱ͕�ĐŽŶƐƚĂŶƚ�ƐƉĞĞĚ�ĂŶĚ�ĂĐĐĞůĞƌĂƚŝŽŶ

7DEOH���VXPPDULVHV�WKH�PHDVXUHG�OHYHO�RI &2�DQG�QRLVH OHYHO�IRU�WKH���WHVW�FDUV�GXULQJ�WKH�WZR GULYLQJ�
FRQGLWLRQV� 7KH�VSHHG�LV�WKH�DFWXDO�VSHHG�DV�PHDVXUHG�E\�WKH�7232��'XULQJ�WKH�DFFHOHUDWLRQ�PRGH��WKLV�LV�WKH�
VSHHG�PHDVXUHG�GXULQJ�WKH�SDVVLQJ�RI�WKH�UDGDU��DQG�QRW�QHFHVVDULO\�WKH�PD[LPXP�VSHHG�DFKLHYHG�GXULQJ�WKH�
WHVW��8QIRUWXQDWHO\��WKHUH�ZDV�QR�RSWLRQ�DYDLODEOH�WR�PHDVXUH�WKH�YDOXH�RI�DFFHOHUDWLRQ��LQ�P�V���



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϯϵ ŽĨ ϱϬ

dĂďůĞ�ϴ͗�DĞĂƐƵƌĞŵĞŶƚ�ŽĨ��K�ĂŶĚ�ŶŽŝƐĞ�ůĞǀĞů�ĨƌŽŵ�ϯ�ƚĞƐƚ�ĐĂƌƐ

&DU
'ULYLQJ�
PRGH

0HDV�
VSHHG�
NP�K *HDU

2LO�WHPS
�&

/$PD[��
G%�$�

&2�
SSP
PHWHU

9:�*ROI &RQVWDQW �� � �� ���� ���
&RQVWDQW �� � �� ���� ���
&RQVWDQW �� � �� ���� ���
&RQVWDQW �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���

9:�&DGG\ &RQVWDQW �� � �� ���� �
&RQVWDQW �� � �� ���� �
&RQVWDQW �� � �� ���� ���
&RQVWDQW �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���
$FFHOHUDWLRQ �� � �� ���� ���

0D]GD�&;�� &RQVWDQW �� $XWR � ���� ���
&RQVWDQW �� $XWR � ���� ���
&RQVWDQW �� $XWR � ���� ���
&RQVWDQW �� $XWR � ���� ���
$FFHOHUDWLRQ �� $XWR � ���� ���
$FFHOHUDWLRQ �� $XWR � ���� ���
$FFHOHUDWLRQ �� $XWR � ���� ���
$FFHOHUDWLRQ �� $XWR � ���� ���

)LJXUHV������ VKRZ�WKH�PHDVXUHG�PD[LPXP�$�ZHLJKWHG�QRLVH�OHYHO�DQG�&2�DV�D�IXQFWLRQ�RI�YHKLFOH�VSHHG�
IRU�WKH�WZR�PRGHV�RI�RSHUDWLRQ� 7KH�JHQHUDO�PHDVXUHG�DYHUDJH�EDFNJURXQG�OHYHO�RI�&2�DW�WKH�WLPH�RI�
PHDVXUHPHQW�RI�WKH�FDU�LV�LQFOXGHG�LQ�WKH�ILJXUHV�

&ŝŐƵƌĞ�ϯϵ͗�st�'ŽůĨ͕�ĐŽŶƐƚĂŶƚ�ƐƉĞĞĚ�ƚĞƐƚ͕��K�ĂŶĚ�ŶŽŝƐĞ ůĞǀĞů



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϰϬ ŽĨ ϱϬ

&ŝŐƵƌĞ�ϰϬ͗�st�'ŽůĨ͕�ĂĐĐĞůĞƌĂƚŝŽŶ�ƚĞƐƚ͕��K�ĂŶĚ�ŶŽŝƐĞ ůĞǀĞů

&ŝŐƵƌĞ�ϰϭ͗�st��ĂĚĚǇ͕�ĐŽŶƐƚĂŶƚ�ƐƉĞĞĚ�ƚĞƐƚ͕��K�ĂŶĚ�ŶŽŝƐĞ ůĞǀĞů

&ŝŐƵƌĞ�ϰϯ͗�st��ĂĚĚǇ͕�ĂĐĐĞůĞƌĂƚŝŽŶ�ƚĞƐƚ͕��K�ĂŶĚ�ŶŽŝƐĞ ůĞǀĞů



fhÈytrj }È³
WƌŽũĞĐƚ�ϭϬϮϬϬϮϰϮϬ

htfÈhj }È³
^/Ed�&��Ϯϳϱϱϯ

nthixÈ}
Ϭϭ�&ŝŶĂů�ƌĞƉŽƌƚ ϰϭ ŽĨ ϱϬ

&ŝŐƵƌĞ�ϰϯ͗�DĂǌĚĂ��yͲϱ͕�ĐŽŶƐƚĂŶƚ�ƐƉĞĞĚ�ƚĞƐƚ͕��K�ĂŶĚ�ŶŽŝƐĞ ůĞǀĞů

&ŝŐƵƌĞ�ϰϰ͗�DĂǌĚĂ��yͲϱ͕�ĂĐĐĞůĞƌĂƚŝŽŶ ƚĞƐƚ͕��K�ĂŶĚ�ŶŽŝƐĞ ůĞǀĞů

,Q�JHQHUDO��WKHVH�UHVXOWV�VKRZ�WKDW�LW�LV�RQO\�RQH FDVH��ZKHUH�WKH�PHDVXUHG�&2�OHYHO�LV�DERYH�WKH�EDFNJURXQG�
OHYHO�
� 'XULQJ�DFFHOHUDWLRQ�RI�WKH�9:�*ROI�IURP�D�ORZ�VSHHG��HYHQ�LI�WKH�RLO�WHPSHUDWXUH�KDG�UHDFKHG D�QRUPDO�

OHYHO�
)RU�WKH�RWKHU�WHVWV��WKH�OHYHOV�DUH�FORVH�WR�WKH�EDFNJURXQG�OHYHO�RI�&2�
7KH�ILUVW�WHVW�RI�WKH�9:�*ROI��FRQVWDQW�VSHHG�DW����NP�K��WKH�HQJLQH�ZDV�FROG��DQG�RQH�FRXOG�H[SHFW�D�KLJKHU�
OHYHO�RI�&2��7KLV�ZDV�QRW�IRXQG�IRU�WKLV�FDU��$�KLJKHU�OHYHO�ZDV�IRXQG�ZKHQ�WKH�FDU�ZDV�DFFHOHUDWLQJ�IURP�D�
ORZ�VSHHG��DV�VKRZQ�LQ�ILJXUH���� $Q�DFFHOHUDWLRQ�WHVW�ZLWK�FROG�HQJLQH ZRXOG�SUREDEO\�KDYH�VKRZQ�KLJKHU�
OHYHOV�RI�&2�

$V�H[SHFWHG��WKH�PHDVXUHG�QRLVH�OHYHOV�DUH�VSHHG�GHSHQGHQW� 'XULQJ�DFFHOHUDWLRQ��WKH�HQJLQH�KDV�D�KLJKHU�
ORDG WKDQ�DW�FRQVWDQW�VSHHG�DQG�QRUPDOO\�WKLV�LQFUHDVH�WKH�QRLVH��

ϱ͘ϯ͘ϮDĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�ƌĂŶĚŽŵ�ƉĂƐƐŝŶŐ�ǀĞŚŝĐůĞƐ

,Q�ILJXUH�����WKH�WRWDO�QXPEHU�RI�SDVVLQJ�WUDIILF������YHKLFOHV��UHJLVWHUHG�E\�WKH�7232�ELJER[�LV�VKRZQ��7KH�
PHDVXUHPHQW�WLPH�ZDV�DSSUR[LPDWHO\���KRXU�DQG����PLQXWHV�
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&ŝŐƵƌĞ�ϰϱ͗ EƵŵďĞƌ�ŽĨ�ƉĂƐƐŝŶŐ�ǀĞŚŝĐůĞƐ�ŝŶ�ϱнϭ�ĐůĂƐƐĞƐ�Ăƚ��ƌĂƚƐďĞƌŐǀĞŝĞŶ�

$V�FDQ�EH�VHHQ�LQ�ILJXUH�����WKH�UHIOHFWRU�IRU�WKH�ODVHU�ZDV�SODFHG�DW�D�ORZ�KHLJKW��SULPDULO\�WR�GHWHFW�&2�
IURP�YHKLFOHV�ZLWK�WKH�H[KDXVW�WDLO�SLSH�SRVLWLRQ�DW�WKH�UHDU�RI�WKH�YHKLFOHV�EHORZ�WKH�EXPSHU��)RU�KHDY\�
YHKLFOHV��WKH�H[KDXVW�WDLO�SLSH�PD\�EH�ORFDWHG�DW�D�KLJKHU�SRVLWLRQ��7KXV��LW�LV�QRW�UHDOLVWLF WR�PHDVXUH�&2�
IURP�VXFK�YHKLFOHV��,W�VKRXOG�DOVR�EH�QRWHG��WKDW�WKLV�ZDV�RQO\�WKH�ILUVW�WHVW�RQ�UHDO�WUDIILF�IRU�WKLV�V\VWHP��,W�
PD\�EH�SRVVLEOH�WR�ILQG�DQ�RSWLPDO�KHLJKW�DQG�SRVLWLRQ�WR�LPSURYH�WKH�GHWHFWLRQ�RI�&2��RU�RWKHU�JDVHV��

(YHQ�LI�WKH�V\VWHP�SRVLWLRQ�ZDV�QRW�RSWLPLVHG��LW�SURYHG�VXFFHVVIXO�WR�EH�DEOH�WR�GHWHFW�YHKLFOHV�ZLWK�
DEQRUPDO�KLJK�&2�OHYHOV� 7KH�PHDVXUHG�&2�OHYHO�IURP�WKH�ODVHU�ZDV�FRUUHODWHG�ZLWK�WKH�FODVVLILFDWLRQ�RI�
YHKLFOHV�IURP�WKH�7232�V\VWHP�DQG�WLPH�RI�SDVVLQJ�

,Q�ILJXUH�����DOO�WKH�YHKLFOHV�ZLWK�D�&2�OHYHO�KLJKHU�WKDQ�WKH�EDFNJURXQG�OHYHO�DUH�VKRZQ� 1RWH�WKDW�IRU�RQH�
RI�WKH�YHKLFOHV��WKH�PHDVXUHG�OHYHO�ZDV�YHU\�KLJK���������SSP
PHWHU���VR�WKH�EDU�IRU�WKLV�YHKLFOH�LV�QRW�
VKRZQ�LQ�IXOO�OHQJWK�
2I�WKH�WRWDO�RI�����YHKLFOHV�PHDVXUHG�����YHKLFOHV���������ZHUH�UHJLVWHUHG�ZLWK�D�&2�OHYHO�DERYH�WKH�
�EDFNJURXQG��OHYHO�
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&ŝŐƵƌĞ�ϰϲ͗�DĞĂƐƵƌĞŵĞŶƚ�ŽĨ��K�ůĞǀĞů�ŽĨ�ƉĂƐƐŝŶŐ�ǀĞŚŝĐůĞƐ
ZĞĚ�ĐƵƌǀĞ�ŝƐ�ĂǀĞƌĂŐĞ�ďĂĐŬŐƌŽƵŶĚ�ůĞǀĞů

ϲ �ƵƚŽŵĂƚŝĐ�ŶƵŵďĞƌ�ƉůĂƚĞ�ƌĞĐŽŐŶŝƚŝŽŶ ;�EWZͿ

ϲ͘ϭ 'ĞŶĞƌĂů�ĐŽŶƐŝĚĞƌĂƚŝŽŶƐ
%\�XVLQJ�DQ�DXWRPDWLF�QXPEHU�SODWH�UHFRJQLWLRQ�V\VWHP��$135���LW�LV�SRVVLEOH�WR�OLQN�WKH�QXPEHU�WR�WKH�
QDWLRQDO�$8726<6�GDWDEDVH��,Q�WKLV�GDWDEDVH�LW�LV�SRVVLEOH�WR�LGHQWLI\�VRPH�LPSRUWDQW�SDUDPHWHUV�ZKLFK�
PD\�EH UHOHYDQW�IRU�WKH�SDVV�E\�QRLVH�OHYHO��H[FHSW�IRU�WKH�LQIOXHQFH�RI�WKH�GULYLQJ�FRQGLWLRQV���6XFK�
SDUDPHWHUV�FDQ�EH�

Ͳ YHKLFOH W\SH�PRGHO
Ͳ W\SH�RI�HQJLQH�SRZHU�WUDLQ��GLHVHO�SHWURO�HOHFWULF�K\EULG�
Ͳ WUDQVPLVVLRQ W\SH��PDQXDO�DXWRPDWLF�
Ͳ \HDU�RI�SURGXFWLRQ�± UHODWHG�WR�W\SH�DSSURYDO�OHYHO��QRLVH��&2���12[�
Ͳ YHKLFOH�GLPHQVLRQV��LQFOXGLQJ�QHW�ZHLJKW�PD[LPXP�DOORZHG�ZHLJKW
Ͳ VWDQGDUG�W\UH�GLPHQVLRQV

$V�PRUH�VWULQJHQW�QRLVH�OLPLWV�IRU�YHKLFOHV�DQG�W\UHV�DUH�LQWURGXFHG��LW�ZRXOG�EH�GHVLUDEOH�WR�NQRZ�ZKLFK�
W\SH�DSSURYDO�OHYHO�WKH�PHDVXUHG�YHKLFOH�KDV�EHHQ�DSSURYHG�IRU��$�QHZ�QRLVH�V\VWHP�IRU�YHKLFOHV�KDV�
UHFHQWO\�EHHQ�DSSURYHG�ZLWKLQ�(8�(($�DQG�81�(&(��%RWK�PRUH�VWULQJHQW�QRLVH�OLPLWV�ZLOO�EH�LQWURGXFHG�LQ�
WKH�FRPLQJ�\HDUV�DQG�D�QHZ�PHDVXULQJ�PHWKRG��,62����������KDV�EHHQ�DGRSWHG��7KLV�PHWKRG�LV�GHVLJQHG�WR�
VLPXODWH QRUPDO�GULYLQJ�FRQGLWLRQV�RI�YHKLFOHV�LQ�WUDIILF�

6HYHUDO�LQYHVWLJDWLRQV��H�J��LQ�WKH�1HWKHUODQGV�� KDYH�GHPRQVWUDWHG�WKDW�SUHYLRXV�UHJXODWLRQV�RI�WKH�PD[LPXP�
SHUPLVVLEOH�QRLVH�OHYHOV�GXULQJ�W\SH�DSSURYDO�KDV�QRW�KDG�DQ\�SRVLWLYH�HIIHFW�RQ�WKH�JHQHUDO�WUDIILF�QRLVH�
OHYHOV��H[FHSW�IRU�KHDY\�YHKLFOHV��WR�VRPH�H[WHQW��7KH�PDLQ�UHDVRQ�IRU�WKLV�LV�EHOLHYHG�WR�EH�DQ�LQFUHDVH�RI�
W\UH�URDG�QRLVH��ZLGHU�DQG�ORZ�SURILOH�W\UHV��
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%\ LGHQWLI\LQJ D YHKLFOH�LQ D�WUDIILF IORZ�E\�$135��DQG�XVLQJ�D�JHQHUDO�YHKLFOH�GDWDEDVH��RQH�FDQ�ILQG WKH�
W\SH�DSSURYDO�YDOLG�IRU�WKDW VSHFLILF�YHKLFOH� 7KLV�HVWDEOLVKHV�D�OLQN�EHWZHHQ�WKH�PHDVXUHG�QRLVH�OHYHO�LQ�D�
WUDIILF�IORZ�DQG�WKH�W\SH�DSSURYDO�OHYHO��+RZHYHU��LW�LV�LPSRUWDQW�WR�WDNH�LQWR�DFFRXQW�DOO�RWKHU�SDUDPHWHUV�
UHOHYDQW�IRU�WKH�PHDVXUHG�QRLVH�OHYHO��VXFK�DV�VSHHG��PHWHRURORJLFDO�FRQGLWLRQV�HWF�

7KH�PDLQ�LVVXH�LV�WR�ORRN�IRU�ODUJHU�DPRXQW�RI�GDWD�IURP�GLIIHUHQW�YHKLFOH�FDWHJRULHV��WR�VWXG\�LI�QHZ�YHKLFOHV�
W\SH�DSSURYHG�DFFRUGLQJ�WR�QHZ�OLPLWV�DQG�WHVW�SURFHGXUHV�LQ�IDFW�DUH�PRUH�VLOHQW�LQ�D�QRUPDO�WUDIILF�VLWXDWLRQ�

$V�WKH�WHVW�RI�WKH�PRQLWRU�LQ�WKLV�SURMHFW�VKRZV �ILJXUHV����DQG������WKHUH�LV�REYLRXV�VRPH�YHKLFOHV�ZLWK�
DEQRUPDOO\ KLJK�QRLVH�OHYHOV��ZKLFK�DUH�QRW�UHODWHG�WR�GULYLQJ�FRQGLWLRQV� ,W�ZRXOG�EH�D�PDMRU�FRQWULEXWLRQ�WR�
UHGXFH�WKH�LPSDFW�RI�URDG�WUDIILF�QRLVH�WR�UHPRYH�VXFK�YHKLFOHV�IURP�WKH�WUDIILF�IORZ��7KH\�PD\�UHSUHVHQW�D�
PDMRU�QXLVDQFH�WR�WKH�SXEOLF��DQG�PD\�FDXVH�KHDOWK�ULVNV�DQG�VOHHS�GLVWXUEDQFH�

%\�LGHQWLI\LQJ�VXFK�QRLV\�YHKLFOHV��RQH�FDQ�IROORZ�XS D�PHDVXUHPHQW�E\�D�WHFKQLFDO�LQVSHFWLRQ��7KLV�FDQ�EH�
GRQH�HLWKHU�E\�D�OHWWHU�FDOOLQJ�WR�SUHVHQW�WKH�YHKLFOH�IRU�LQVSHFWLRQ�RU�E\�D�URDG�VLGH�LQVSHFWLRQ�LPPHGLDWHO\�
DIWHU�WKH�PRQLWRULQJ�VWDWLRQ�

ϲ͘Ϯ WƌŽĐĞĚƵƌĞ�ƚŽ�ŝŵƉůĞŵĞŶƚ��EWZ
%\�LGHQWLI\LQJ�WKH�QXPEHU�SODWH�RI�D�SDVVLQJ�YHKLFOH�DQG�OLQNLQJ�WKLV�LQIRUPDWLRQ�WR�D�JHQHUDO�YHKLFOH�
GDWDEDVH��OLNH�$8726<6��WKH RZQHU�RI�WKH�YHKLFOH�LV�DOVR�LGHQWLILHG �QRW�WKH�GULYHU�� 6XFK�GDWD�LV�LQ�PRVW�
FRXQWULHV�VHQVLEOH�LQIRUPDWLRQ�DQG�FDQ�YLRODWH�SULYDF\��7KH�XVH�RI�$135�PXVW�FRPSO\ ZLWK�QDWLRQDO�
UHJXODWLRQV�

,Q�1RUZD\��6,17()�KDV�ZRUNHG�ZLWK�WKH�$135�WHFKQRORJ\�LQ�WKH�SURMHFW�1216723��,Q�WKLV�SURMHFW�WKH�
ZHLJKW�RI�KHDY\�YHKLFOHV�LV�UHJLVWHUHG ZKHQ�WKH�YHKLFOH�LV�SDVVLQJ�RYHU�VHQVRUV�LQ�WKH�URDG���ZHLJKW�LQ�
PRWLRQ����$W�WKH�VDPH�WLPH��WKH�QXPEHU�SODWH LV UHDG�E\�D�FDPHUD�DQG�WKH�ZHLJKW�LV�DXWRPDWLFDOO\�FKHFNHG�
ZLWK�WKH�PD[LPXP�DOORZHG�ZHLJKW�IRU�WKLV�SDUWLFXODU�YHKLFOH�LQ�WKH�$8726<6�GDWDEDVH��,I�WKH�ZHLJKW�LV�
FORVH�WR�RU�DERYH�WKLV�OLPLW��WKH�V\VWHP�JLYHV�D�ZDUQLQJ�WR�D�URDG�VLGH�FRQWURO�VWDWLRQ��WR�VWRS�DQG�FKHFN�WKLV�
YHKLFOH�PDQXDOO\��%\�WKLV�WHFKQRORJ\��RQO\�WKH�YHKLFOHV�WKDW�PD\�EH�YLRODWLQJ�WKH�ZHLJKW�OLPLW�ZLOO�EH�
FKHFNHG�DQG�DOO�RWKHU�WUXFNV PD\�SDVV��$OO�LQIRUPDWLRQ�DERXW�WKH�UHJLVWUDWLRQ�QXPEHU�LV�GHOHWHG�LPPHGLDWHO\�
DIWHU�SDVVLQJ�WKH�$135�V\VWHP��7KH�1216723�V\VWHP�ZDV�SDUWO\�VSRQVRUHG�E\�WKH�1RUZHJLDQ�3XEOLF�
5RDGV�$GPLQLVWUDWLRQ�DQG�WKH�5HVHDUFK�&RXQFLO�RI�1RUZD\�

7KH�1216723�V\VWHP�LV�SURSRVHG�WR�EH�LQWHJUDWHG�LQ�D�ODUJHU�,76�V\VWHP��ERWK�QDWLRQDOO\�DQG�ZLWKLQ�(8��
$OO�FRPPXQLFDWLRQ�EHWZHHQ�VHQVRUV�DQG�GDWDEDVH�LV�EDVHG�RQ�FRPPRQ�VWDQGDUGV�DQG�SURWRFROV��WUDQVSDUHQW�
V\VWHP���)LJXUH����VKRZ�D�0(7$�V\VWHP�VNHWFK�RI�VXFK�D�V\VWHP��ZKHUH�1216723�LV�LQWHJUDWHG��$�
PRQLWRULQJ�V\VWHP�OLNH�GHYHORSHG�LQ�WKH�029(�SURMHFW�PD\�HDVLO\�EH�LPSOHPHQWHG�LQ�D�JHQHUDO�,76�V\VWHP�
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&ŝŐƵƌĞ�ϰϳ͗���D�d��/d^�ƐǇƐƚĞŵ�ĂŶĚ�ŝŶƚĞŐƌĂƚŝŽŶ�ŽĨ�EKE^dKW

,PSOHPHQWDWLRQ�RI�$135�LQ�D�PRQLWRULQJ�V\VWHP�IRU�QRLVH�OHYHOV�ZLOO�UHTXLUH SHUPLVVLRQ IURP�WKH�DXWKRULWLHV�
�LQ�1RUZD\��'DWDWLOV\QHW���

,Q�GLVFXVVLRQV ZLWK�WKH�1RUZHJLDQ�3XEOLF�5RDGV�$GPLQLVWUDWLRQ��LW�ZDV�FODULILHG�WKDW�E\�XVLQJ�WKH�VDPH�
DSSURDFK�DV�IRU�WKH�1216723�V\VWHP��LW�VKRXOG�EH�IHDVLEOH�WR�LPSOHPHQW�$135�LQ�D�V\VWHP�DV�GHYHORSHG�LQ�
WKH�029(�SURMHFW��7KH�1RUZHJLDQ�FRPSDQ\�&LEHU DV��GLG�WKH�SURJUDPPLQJ RI�WKH�FRPPXQLFDWLRQ EHWZHHQ�
WKH�FDPHUD�DQG�WKH�GDWDEDVH LQ�1216723��DQG�WKLV�FRPSDQ\�KDV�RIIHUHG�WR�GR�WKH�VDPH�W\SH�RI�ZRUN��WR�
PDNH�D�VHOHFWLRQ�RI�GDWD�IURP�$8726<6�DV�GHVFULEHG�DERYH�

7KH�XVH�RI�$135�LQ�D�QRLVH�PRQLWRULQJ�V\VWHP�ZRXOG�JLYH�WKH�DXWKRULWLHV�D�WRRO�WR�UHPRYH�QRLV\�YHKLFOHV�
IURP�WKH�URDGV� +RZHYHU��QRW�PRWRUF\FOHV��DV�WKH�V\VWHP�RQO\�UHDGV�QXPEHU�SODWHV�LQ�WKH�IURQW�RI�WKH�YHKLFOH�

1RLV\�PRWRUF\FOHV�FDQ�KRZHYHU��EH FKHFNHG�LQ�WKH�VDPH�ZD\�DV�LQ�WKH�1216723�SURMHFW��,I�WKH�QRLVH�RI�WKH�
PRWRUF\FOH�LV�DERYH�D�FKRVHQ�OHYHO��LW�PD\�EH�VWRSSHG�DW�D�FRQWURO�VWDWLRQ�DIWHU�WKH�PRQLWRU�IRU�IXUWKHU�FRQWURO�
RI�WKH�QRLVH�OHYHO��VWDWLRQDU\�QRLVH�OHYHO��

ϳ �ǆĂŵƉůĞ�ŽĨ�Ă�ǁĞďͲƐŽůƵƚŝŽŶ�ĨŽƌ�Ă�ŵŽŶŝƚŽƌŝŶŐ�ƐǇƐƚĞŵ
7KHUH�DUH�PDQ\�H[DPSOHV�RI�HQYLURQPHQWDO�PRQLWRULQJ�V\VWHP�WKDW�JLYHV�WKH�JHQHUDO�SXEOLF�DFFHVV�WR�VXFK�
GDWD�YLD�LQWHUQHW��7KLV�LV�WKH�FDVH�IRU�ERWK�PRQLWRULQJ�RI�DLU�SROOXWLRQ�� DQG�QRLVH�OHYHOV�
�KWWS���UXPHXU�EUXLWSDUL�IU ����� ,Q�WKH�029(�SURMHFW��DQ�H[DPSOH�RI�KRZ�VXFK�D�V\VWHP�PD\�ZRUN�KDV EHHQ�
PDGH��EDVHG�RQ�VLPXODWHG�GDWD�IURP�WKH�WHVWV�PDGH�E\�6,17()�DW�(��.OHWW� )RU�WKLV�H[DPSOH��QRLVH�GDWD�DQG�
&2�GDWD�DUH SUHVHQWHG�

7KH�WHVW�H[DPSOH�LV�DYDLODEOH�DW��KWWS���ELDPRYH�FORXGDSS�QHW�
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7KH�GHPR�ZHE�VLWH�JLYHV D�VWDWXV�DW�WKH�ORFDWLRQ�RI�WKH�PRQLWRU�IRU�WZR�PRGHV�WR�EH�VHOHFWHG�
�� *HQHUDO�SXEOLF XVHU
�� ([SHUW�XVHU��ZLOO�UHTXLUH�D�XVHUQDPH�DQG�D�SDVVZRUG�

ϳ͘ϭ WƵďůŝĐ�ƵƐĞƌ
7KH�LQIRUPDWLRQ�WR�WKH�SXEOLF�VKRXOG�EH�VLPSOH�DQG�SUHVHQWHG�LQ�VXFK�D�ZD\�WKDW�WKH�GDWD�LV�HDV\�WR�
XQGHUVWDQG��7KH�SUHVHQW�GHPR�RQO\�JLYHV�VRPH�LQGLFDWLRQ�RQ�WKH�SRVVLEOH�OD\�RXW��2Q�D��UHDO��ZHE�SDJH�IRU�D�
QRLVH�PRQLWRU��VRPH�VLPSOH�H[SODQDWLRQ�RQ�QRLVH�OHYHOV�DQG�WKH�XVH�RI�WKH�GHFLEHO�XQLW�PD\�EH�QHFHVVDU\�DQG�
LQIRUPDWLYH��6RPH�OLQNV�WR�H[WHUQDO�RUJDQL]DWLRQV�VXFK�DV�WKH�1RUZHJLDQ�(QYLURQPHQW�$JHQF\ PD\�EH�
XVHIXO�

,Q�ILJXUH�����WKH�ZHE�SDJH�IRU�WKH��SXEOLF XVHU� LV�VKRZQ�

&ŝŐƵƌĞ�ϰϴ͗ �ǆĂŵƉůĞ�ŽĨ�ůĂǇͲŽƵƚ�ĨŽƌ�Ă�ǁĞďͲƉĂŐĞ�ĨŽƌ�Ă�ƉƵďůŝĐ�ƵƐĞƌ

7KH�ILUVW�SDUW�ZLOO�DOZD\V�EH�D�*RRJOH�PDS��VKRZLQJ�WKH�ORFDWLRQV�RI�WKH�GLIIHUHQW�PRQLWRUV�
7KH�PRQLWRU�ORFDWLRQ�FDQ�HLWKHU�EH�DFFHVVHG�E\�FOLFNLQJ�RQ�WKH�PDS�LWVHOI��RU�FKRRVH�VLWH�E\�WKH��6LWH��RQ�WKH�
PHQXH WR�WKH�OHIW� )RU�WKH�SXEOLF�XVHU��RQO\�DJJUHJDWHG�GDWD�IRU�DOO�FODVVHV�ZLOO�EH�VKRZQ��7KH�PD[LPXP�
QRLVH�OHYHO��/$)��PD[�YV�WLPH��KDV�EHHQ�FKRVHQ�LQ�WKLV�H[DPSOH��2WKHU�LQGLFDWRUV�VXFK�DV�/GHQ PD\�DOVR�EH�
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LQFOXGHG�LQ�D�UHDO�PRQLWRU��7KH�SXEOLF�XVHU�VKDOO�DOVR�EH�DEOH�WR�FKRRVH�SHULRG�IRU�WKH�GDWD��DV�VKRZQ�LQ�ILJXUH�
����,Q�WKLV�ILJXUH��GDWD�IRU�D�ZHHN�LV�SUHVHQWHG�

&ŝŐƵƌĞ�ϰϵ͗��ǆĂŵƉůĞ�ŽĨ�ĚĂƚĂ�ĨŽƌ�Ă�ǁĞĞŬ�ʹ ƉƵďůŝĐ�ƵƐĞƌ

ϳ͘Ϯ �ǆƉĞƌƚ�ƵƐĞƌ
)RU�WKH�H[SHUW�XVHU��GDWD�VKRXOG�EH�SUHVHQWHG�LQ�D�ZD\�WKDW�LV�XVHIXO IRU�GLIIHUHQW�W\SHV�RI�DQDO\VLV��,Q�WKH�
GHPR��VRPH�ILJXUHV�IURP�H[FHO�VKHHWV�DUH�SUHVHQWHG��+RZHYHU��LQ�D�UHDO�PRQLWRU��GDWDEDVHV�VXFK�DV�$FFHVV�
VKRXOG�EH�XVHG�DV�WKHVH�DUH�PRUH�IOH[LEOH�WR�JDWKHU�DQG�DQDO\]H�ODUJH�DPRXQW�RI�GDWD�

)LJXUH����VKRZV�H[DPSOH RI�QRLVH�GDWD�SUHVHQWHG�IRU�WKH�H[SHUW�XVHU��,Q�WKLV�H[DPSOH��QRLVH�OHYHOV�YV��VSHHG�
IRU�FDUV�RQ�D�GU\�VXUIDFH�IRU�D�FKRVHQ�IRU�D�SHULRG�RI���K�KDYH EHHQ�VHOHFWHG�

&ŝŐƵƌĞ�ϱϬ͗��ǆƉĞƌƚ�ƵƐĞƌ�ʹ ĞǆĂŵƉůĞ�ŽĨ�ŶŽŝƐĞ�ĚĂƚĂ�ĨŽƌ�ĐĂƌƐ�
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,Q�ILJXUH����GDWD�IRU�VLQJOH�HYHQWV�RI�SDVV�E\�RI�YHKLFOHV�ZLWK�PHDVXUHG�&2�OHYHOV�DERYH�WKH��EDFNJURXQG��
OHYHO��UHG�OLQH�GRWV��DUH�VKRZQ�

&ŝŐƵƌĞ�ϱϭ͗��ǆƉĞƌƚ�ƵƐĞƌ�ʹ ĞǆĂŵƉůĞ�ŽĨ�ĚĂƚĂ�ĨƌŽŵ��K�ŵĞĂƐƵƌĞŵĞŶƚƐ

ϴ ZĞĐŽŵŵĞŶĚĂƚŝŽŶƐ�ĨŽƌ�ĨƵƌƚŚĞƌ�ǁŽƌŬ
:LWKLQ�WKH�WLPH�IUDPH�RI�WKH�029(�SURMHFW��RQO\�D�PLQRU�URDG�VLGH�WHVW�RI�WKH�V\VWHP�ZDV�SRVVLEOH��7KH�WHVW�
RI�WKH�PLFURSKRQH�DUUD\�ZDV�DOVR�OLPLWHG�DQG�IXUWKHU�WHVWLQJ�DQG�GHYHORSPHQW�RI�WKH�VLJQDO�SURFHVVLQJ�
DOJRULWKP�VKRXOG�EH�HQFRXUDJHG�
,PSOHPHQWDWLRQ�RI�$135�ZDV�DOVR�QRW�IHDVLEOH�ZLWKLQ�WKLV�SURMHFW�

6LQFH�WKH�PDLQ�WHVWV�RI�WKH�V\VWHP�ZHUH PDGH�GXULQJ�WKH�ODVW�SDUW�RI�WKH�SURMHFW��SUHVHQWDWLRQV�RI�UHVXOWV�DUH�
SODQQHG�IRU�LQWHUQDWLRQDO�FRQIHUHQFHV�LQ�������,QWHUQRLVH������%1$0������HWF��

7KH�IROORZLQJ�UHFRPPHQGDWLRQV�IRU�IXUWKHU�ZRUN�DUH�JLYHQ�
,PSOHPHQWDWLRQ RI $135
7HVWV�RI�DQ�LQWHJUDWHG�V\VWHP�ZLWK�1RU���
)XUWKHU�GHYHORSPHQW�RI�D�SXEOLF�DFFHVV�V\VWHP�XVLQJ�LQWHUQHW
)XUWKHU�GHYHORSPHQW�RI�WKH�PLFURSKRQH�DUUD\�WHFKQRORJ\
'HYHORS�SURFHGXUHV�IRU�SURFHVVLQJ�DQG�SUHVHQWDWLRQ�RI�ODUJH�DPRXQW�RI�GDWD���ELJ�GDWD��
)XUWKHU�WHVWLQJ�RI�WKH�ODVHU�HTXLSPHQW�IURP�1(2��LQFOXGLQJ�PHDVXUHPHQWV�RI�12[

,QYHVWLJDWLRQV�RI�WKH�FRQQHFWLRQ�EHWZHHQ�PHDVXUHG�QRLVH�HPLVVLRQ�OHYHOV�DQG�WUDIILF�QRLVH�
FDOFXODWLRQ�PHWKRGV��H�J��UHIHUHQFH�YDOXHV�IRU�GLIIHUHQW�FDWHJRULHV�RI�YHKLFOHV�
,QFOXGH�DOJRULWKP�V\VWHP�WR�GHWHFW�VWXGGHG�W\UHV
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ϵ ZĞĨĞƌĞŶĐĞƐ
>�@�,62���������������� �$FRXVWLFV�± 0HWKRG�IRU�PHDVXULQJ�WKH�LQIOXHQFH�RI�URDG�VXUIDFHV�RQ�WUDIILF�QRLVH�

± 3DUW����7KH�6WDWLVWLFDO�3DVV�E\�0HWKRG���,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��,62���*HQHYD��
6ZLW]HUODQG

>�@ 0��0D\HU�.UHLW]��:��(EQHU��8VLQJ�WKH�7232�IRU�QRLVH�PHDVXUHPHQWV��3UHVHQWDWLRQ�DW�WKH�57%�
6\PSRVLXP��%DG�/LSSVSULQJH��������������

>�@ '��3�VFKHO��0��$XHUEDFK��:��%DUWRORPDHXV��(LQ]DWV�HLQHV�0LNURIRQ�$UUD\V�I�U�6WDWLVWLFKH�
9RUEHLIDKUW�0HVVXQJHQ��63%���)RUVVFKXQJVEHULFKWH�+HIW�������������%XQGHVDQVWDOW�I�U�6WUD�HQZHVHQ���
%HUJLVFK�*ODGEDFK��*HUPDQ\�

>�@ '��3�VFKHO� 0��$XHUEDFK��:��%DUWRORPDHXV��3DVV�E\�0HDVXUHPHQWV�XVLQJ�DUUD\�WHFKQLTXHV��3URFHHGLQJV�
RI�(XURQRLVH�������(GLQEXUJK��6FRWODQG��������2FWREHU������

>�@�(� +��cGQ¡\��6XSHUGLUHFWLYH 0LFURSKRQH�$UUD\V�IRU�5HDO�7LPH�7UDIILF�0HDVXUHPHQWV��0DVWHU�7KHVLV���������������
1718�������

>�@�7��)��%URRNV��:��0��+XPSKUH\V��$�'HFRQYROXWLRQ�$SSURDFK�IRU�WKH�0DSSLQJ�RI�$FRXVWLF�6RXUFH��
-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��������������������

>�@�7��<DUGLEL��-��/L��&RQVWUDLQHG�'HFRQYROXWLRQ�$SSURDFKHV�IRU�$FRXVWLF�6RXUFH�0DSSLQJ��-RXUQDO�RI�
$FRXVWLFDO�6RFLHW\�RI�$PHULFD��0D\������

>�@�7��%HUJH��0RQLWRULQJ�RI�URDG�YHKLFOHV�LQ�XVH��5HVXOWV�IURP�WHVWLQJ�RI�PHDVXUHPHQW�HTXLSPHQW����
�6,/(1&(�SURMHFW��6,17()�0HPR���(����7%�������������

>�@ -�-DEEHQ��&��3RWPD��7HPSHUDWXUH�(IIHFWV�RQ�5RDG�7UDIILF�1RLVH�0HDVXUHPHQWV�
$SSOLHG�$FRXVWLFV�����������������

>��@ 8��6DQGEHUJ��6WDQGDUGL]HG�FRUUHFWLRQV�IRU�WHPSHUDWXUH�LQIOXHQFH�RQ�WLUH�URDG�QRLVH�
3URFHHGLQJV�RI�,QWHUQRLVH������6DQ�)UDQFLVFR��86$�������$XJXVW������

>��@�,62������������� �$FRXVWLFV�± 0HDVXUHPHQWV�RI�QRLVH�HPLWWHG�E\�DFFHOHUDWLQJ�YHKLFOHV�± (QJLQHHULQJ����
PHWKRG�� 3DUW����0�DQG�1�FDWHJRU\���,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��,62���*HQHYD��
6ZLW]HUODQG

>��@�,62���������������$FRXVWLFV�± 0HDVXUHPHQWV�RI�QRLVH�HPLWWHG�E\�DFFHOHUDWLQJ�YHKLFOHV�± (QJLQHHULQJ����
PHWKRG�� 3DUW����/�FDWHJRU\���,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��,62���*HQHYD��
6ZLW]HUODQG

>��@�)��GH�5RR��1HZ�(8�DQG�81�(&(�9HKLFOH�QRLVH�HPLVVLRQ�OLPLWV�DQG�DVVRFLDWHG�PHDVXUHPHQW�PHWKRGV�
3URFHHGLQJV�RI�,QWHUQRLVH������,QQVEUXFN��$XVWULD���������6HSWHPEHU �����

>��@�ZZZ�OXIWNYDOLWHW�QR �DFFHVVHG������������
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>��@�)��0LHWOLFNH��&��5LEHLUR��0��6LQHDX��([SHULPHQW�RI�ORZ�QRLVH�URDG�VXUIDFHV�RQ�WKH�3DULV�ULQJ�URDG��
3URFHHGLQJV�RI�,QWHUQRLVH������,QQVEUXFN��$XVWULD���������6HSWHPEHU �����

ϭϬ >ŝƐƚ�ŽĨ�ƉƵďůŝĐĂƚŝŽŶƐͬŵĞĚŝĂ�ƉƌĞƐĞŶƚĂƚŝŽŶƐ

3XEOLFDWLRQV�
�� 7��%HUJH��6WDWXV�SHU�QRYHPEHU�������6,17()�1RWDW����������������������
�� 7��%HUJH��%,$�029(��5DSSRUW�IUD�DYVOXWQLQJVVHPLQDU�L�&,7<�+86+��6,17()�1RWDW������������

����������
�� 7��%HUJH��%,$�029(��5HIHUDW�IUD�P¡WH�L�,62:*���RJ�P¡WH�KRV�%$6W�L�7\VNODQG��6,17()�1RWDW�

�����������������������
�� 7��%HUJH��%,$�029(��3DUDPHWHUVWXGLH��)RUVODJ�WLO�VWUXNWXU�IRU�UHJLVWHULQJ�DY�SDUDPHWHUH�IRU�

PnOHVWDVMRQ��6,17()�3URVMHNWQRWDW�����������������������
�� 7��%HUJH��%,$�029(��5DSSRUW�IUD�HQ�LQWHUQDVMRQDO�NRQIHUDQVH KRV�57%��7\VNODQG��6,17()�1RWDW�

����������������������
�� 7��%HUJH��%,$�029(��6WDWXVUDSSRUW�RJ�IRUVODJ�WLO�YLGHUH�DUEHLG��6,17()�1RWDW�����������������

������
�� 7��%HUJH��%,$�029(��7HVWLQJ�DY�XWVW\U�RJ�VWDWXV�IRU�YLGHUH�DUEHLG��6,17()�1RWDW������������

�����������
�� $� 6ROYDQJ��%,$�029(��0LNURIRQDUUD\ � HYDOXHULQJ�YHG�VLPXOHULQJ��6,17()�3URVMHNWQRWDW�

����������������������
�� 7��%HUJH��%,$�029(��6WDWXV�IRU�DUEHLGHW�PHG�DXWRPDWLVN�QXPPHUJMHQNMHQQLQJ�RJ�RSSVODJ�L�

$8726<6��6,17()�1RWDW����������������������

0HGLD�SUHVHQWDWLRQV�
�� ������*(0,1,��KWWS���JHPLQL�QR����������HU�ELOHQ�GLQ�HQ�VWR�\YHUVWLQJ�

�� ������7HNQLVN�8NHEODG� KWWS���ZZZ�WX�QR�LW������������KHU�SURYHU�IRUVNHUH�D�PDOH�VWR\�RJ�XWVOLSS�
SD�NMRUHWR\�L�IDUW

�� ������%ORJJ � $FRXVWLFV�5HVHDUFK�&HQWUH��KWWS���DFRXVWLFVUHVHDUFKFHQWUH�QR�FDWHJRU\�Q\KHWHU�PLODN�



dĞĐŚŶŽůŽŐǇ�ĨŽƌ�Ă�ďĞƚƚĞƌ�ƐŽĐŝĞƚǇ
ǁǁǁ͘ƐŝŶƚĞĨ͘ŶŽ


