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ƚŚĞ�WƵůƐĞ�ZĂƚĞ�ĨƌŽŵ�ƚŚĞ�ZĂĚŝĂů��ƌƚĞƌǇ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϲ�
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/ŵƉĂĐƚ�ŽĨ��ƚŚǇůĞŶĞ�'ůǇĐŽů�ŽŶ�&ƌĂĐƚŝŽŶĂůŝǌĞĚ�DŝĐƌŽƉŽůĂƌ�EĂŶŽĨůƵŝĚ�ŽǀĞƌ�KƐĐŝůůĂƚŝŶŐ�WůĂƚĞ�ǀŝĂ�
�ĂƉƵƚŽͲ&ĂďƌŝǌŝŽ�&ƌĂĐƚŝŽŶĂů�KƉĞƌĂƚŽƌ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϳ�

��ĐŚŽŝĐĞ�ŽĨ�ƐǇŵŵĞƚƌŝĐ�ĐƌǇƉƚŽŐƌĂƉŚŝĐ�ĂůŐŽƌŝƚŚŵƐ�ďĂƐĞĚ�ŽŶ�ŵƵůƚŝͲĐƌŝƚĞƌŝĂ�ĂŶĂůǇƐŝƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϴ�

ĂƉƉƌŽĂĐŚ�ĨŽƌ�ƐĞĐƵƌŝŶŐ�^ŵĂƌƚ�ŐƌŝĚ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϴ�

^ŝŵƵůĂƚŝǀĞ�/ŶǀĞƐƚŝŐĂƚŝŽŶ�ŽĨ�dƌĂŶƐŵŝƐƐŝŽŶ�WĞƌĨŽƌŵĂŶĐĞ�ĨŽƌ�WƌŽƉŽƐĞĚ�E'ͲWKE�Ϯ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϵ�

�ĂƐĞĚ�ŽŶ��WY^<�DŽĚƵůĂƚĞĚ��ŽǁŶƐƚƌĞĂŵ�ǁŝƚŚ�dǁŽ�ĚŝĨĨĞƌĞŶƚ�/ŶƚĞŶƐŝƚǇ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϵ�

DŽĚƵůĂƚĞĚ�hƉƐƚƌĞĂŵƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϵ�

DK�D^��ĂƐĞĚ��ĐĐĞůĞƌŽŵĞƚĞƌ�^ĞŶƐŽƌ�hƐŝŶŐ�WŚŽƚŽŶŝĐ��ƌǇƐƚĂů�ĨŽƌ�sŝďƌĂƚŝŽŶ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϬ�

DŽŶŝƚŽƌŝŶŐ�ŝŶ��ƵƚŽŵŽƚŝǀĞ�^ǇƐƚĞŵƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϬ�

WŚŽƚŽŶŝĐ��ƌǇƐƚĂů��ĂƐĞĚ�DŝĐƌŽ�/ŶƚĞƌĨĞƌŽŵĞƚĞƌ��ŝŽĐŚŝƉ�;W�Ͳ/DZZͿ�ĨŽƌ��ĂƌůǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϭ�

^ƚĂŐĞ��ĞƚĞĐƚŝŽŶ�ŽĨ�DĞůĂŶŽŵĂ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϭ�

'ĞƐƚƵƌĞ��ŽŶƚƌŽůůĞĚ�ZŽďŽƚŝĐ��ƌŵ�hƐŝŶŐ�>ĞĂƉ�DŽƚŝŽŶ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϮ�

��>�y/�KE���^���D��,�E/^D�&KZ�/��Ed/&z/E'��E��͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϯ�

DKE/dKZ/E'�^��hZ/dz�d,Z��d^�KE�ZK��^�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϯ�

�ĂƚĂ�DŝŶŝŶŐ�ĂŶĚ�DĂĐŚŝŶĞ�>ĞĂƌŶŝŶŐ��ĨŽƌ�&ŝŶĂŶĐŝĂů��ŶĂůǇƐŝƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϰ�

EƵŵĞƌŝĐĂů�/ŶǀĞƐƚŝŐĂƚŝŽŶ�ŽŶ�ƚŚĞ��ĂŵĂŐĞ�/ŶŝƚŝĂƚŝŽŶ�ĂŶĚ�^ƚŝĨĨŶĞƐƐ��ĞŐƌĂĚĂƚŝŽŶ�ŝŶ�DĂƚƌŝǆ�DĂƚĞƌŝĂůƐ�
�ƚƚĂĐŚŝŶŐ�ĂŶ��ŐŐƌĞŐĂƚĞ�ƚŽ�ƚŚĞ�,Žƚ�Dŝǆ��ƐƉŚĂůƚ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϱ�

tŝƌĞůĞƐƐ�^ĞŶƐŽƌ�EĞƚǁŽƌŬ;t^EͿ��ĂƐĞĚ��ĂƌůǇ�&ůŽŽĚ�tĂƌŶŝŶŐ�^ǇƐƚĞŵ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϲ�

�hdKEKDKh^�^>�D���^���&KZ<>/&d�ZK�Kd�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϳ�

DƵůƚŝƉŚĂƐĞ�&ůŽǁ��ŽŶƚƌŽů�ǁŝƚŚ��ŵďĞĚĚĞĚ�^ǇƐƚĞŵ�ĂŶĚ��ŽůŽƌ�/ŵĂŐĞ�WƌŽĐĞƐƐŝŶŐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϴ�

�ůƚŝƚƵĚĞ��ŽŶƚƌŽůůŝŶŐ�ĂŶĚ�dƌĂũĞĐƚŽƌǇ�ƚƌĂĐŬŝŶŐ�ŽĨ�YƵĂĚƌŽƚŽƌ�h�s�ďǇ�ƵƐŝŶŐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϵ�

DŽĚĞů�WƌĞĚŝĐƚŝǀĞ��ŽŶƚƌŽů͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϵ�

DŝƚŝŐĂƚŝŽŶ�^ƚƌĂƚĞŐŝĞƐ�ĨŽƌ�hŶŝŶƚĞŶƚŝŽŶĂů�/ŶƐŝĚĞƌ�dŚƌĞĂƚƐ�ŽŶ�/ŶĨŽƌŵĂƚŝŽŶ�>ĞĂŬƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϬ�

WŽǁĞƌ��ƵĚŐĞƚ��ŶĂůǇƐŝƐ�ŽĨ�WƌŽƉŽƐĞĚ�,ŝŐŚ��ĂƚĂ�ZĂƚĞ��ĂƐĞĚ�EĞǆƚ�'ĞŶĞƌĂƚŝŽŶ�WKE�Ϯ��ƌĐŚŝƚĞĐƚƵƌĞ�
^ƵƉƉŽƌƚŝŶŐ�,ŝŐŚ�^Ɖůŝƚ�ZĂƚŝŽ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϭ�

��^ƚĂŶĚĂƌĚ�DĞƚŚŽĚŽůŽŐǇ�ƚŽ��ƐƐŝŐŶ��ŽŐŶŝƚŝǀĞ�tĞŝŐŚƚƐ�ƚŽ��ŽŵƉƵƚĞ�ƚŚĞ��ŽŐŶŝƚŝǀĞ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϮ�

�ŽŵƉůĞǆŝƚǇ�ŽĨ�Ă�^ŽĨƚǁĂƌĞ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϮ�

�ĞŚĂǀŝŽƌ�ƐƚƵĚǇ�ŽĨ�^/W�ŽŶ�/W�DƵůƚŝŵĞĚŝĂ�^ƵďƐǇƐƚĞŵ�ĂƌĐŚŝƚĞĐƚƵƌĞ�DW>^�ĂƐ�dƌĂŶƐƉŽƌƚ�>ĂǇĞƌ͘͘͘͘͘͘͘͘͘�ϰϯ�

&ŽŐ��ŽŵƉƵƚŝŶŐ�ĂŶĚ�/ŶƚĞƌŶĞƚ�ŽĨ�dŚŝŶŐƐ͗��ƌĐŚŝƚĞĐƚƵƌĞ͕��ƉƉůŝĐĂƚŝŽŶƐ�ĂŶĚ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϰ�

�ŚĂůůĞŶŐĞƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϰ�

>���ďĂƐĞĚ�>�d��ĚĂƉƚŝǀĞ��ŚĂŶŶĞů��ĐĐĞƐƐ�DĞƚŚŽĚƐ�ĨŽƌ�>d�Ͳh�ƐǇƐƚĞŵƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϱ�

��>ŽŐŐŝŶŐ�^ĐŚĞŵĞ�ĨŽƌ�ZĞĚƵĐŝŶŐ�hƉĚĂƚĞ�tŽƌŬůŽĂĚƐ�ŝŶ�&ůĂƐŚ�^ƚŽƌĂŐĞ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϲ�

YƵĂůŝĨŝĞĚ��ŶĂůǇƐŝƐ�ŽĨ��^D��ŽǀĞƌ�^D��ĨŽƌ��ŽŽƐƚ��ŽŶǀĞƌƚĞƌ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϳ�

tĂǀĞůĞŶŐƚŚ�ƐĞůĞĐƚŝǀŝƚǇ�ƵƐŝŶŐ��ĚĂƉƚŝǀĞ�^ŚŽƌƚĞƐƚ�WĂƚŚ��ůŐŽƌŝƚŚŵ�ĨŽƌ�ŽƉƚŝĐĂů�EĞƚǁŽƌŬ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϴ�
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>ĞĂƌŶŝŶŐ�WĂƚŚ�WĞƌƐŽŶĂůŝǌĂƚŝŽŶ��ĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�>ĞĂƌŶŝŶŐ�^ƚǇůĞƐ�ĂŶĚ�<ŶŽǁůĞĚŐĞ�>ĞǀĞů�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϵ�

^ĐĂůŝŶŐ�ŽĨ�^ƵƉƉůǇ�sŽůƚĂŐĞ�ŝŶ��ĞƐŝŐŶ�ŽĨ��ŶĞƌŐǇ�^ĂǀĞƌ�&/Z�&ŝůƚĞƌ�ŽŶ�ϮϴŶŵ�&W'��͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϬ�

�ĞƐŝŐŶ�ŽĨ��ŶĞƌŐǇ��ĨĨŝĐŝĞŶƚ�ZĞĐĞŝǀĞƌ�ĂŶĚ�dƌĂŶƐŵŝƚƚĞƌ�ĨŽƌ�KƉƚŝĐĂů�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϭ�

�ŽŵŵƵŶŝĐĂƚŝŽŶ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϭ�

tŝƌĞůĞƐƐ�WŽǁĞƌ�dƌĂŶƐŵŝƐƐŝŽŶ�^ǇƐƚĞŵ�hƐŝŶŐ�DĂŐŶĞƚŝĐ�ZĞƐŽŶĂŶƚ��ŽƵƉůŝŶŐ�ƚŽ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϮ�

KƉĞƌĂƚĞ�>Žǁ�WŽǁĞƌ��ĞǀŝĐĞƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϮ�

��ĨĂƐƚ�ĂŶĚ�ĞĨĨŝĐŝĞŶƚ�ŝŵĂŐĞ�ŝŶĚĞǆŝŶŐ�ĂŶĚ�ƐĞĂƌĐŚ�ƐǇƐƚĞŵ�ďĂƐĞĚ�ŽŶ�ĐŽůŽƌ�ĂŶĚ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϯ�

ƚĞǆƚƵƌĞ�ĨĞĂƚƵƌĞƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϯ�

WƌĞĚŝĐƚŝŶŐ�^ĞŶƚĞŶĐĞ�hƐŝŶŐ�EͲ'ƌĂŵ�>ĂŶŐƵĂŐĞ�DŽĚĞů�ĨŽƌ�EĞƉĂůŝ�dĞǆƚ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϰ�

�ĞƐŝŐŶ�ĂŶĚ�/ŵƉůĞŵĞŶƚĂƚŝŽŶ�ŽĨ�'ĂƵƐƐŝĂŶ�&ŝůƚĞƌ�ĨŽƌ�ĚĞͲŶŽŝƐŝŶŐ�ĂŶ�ŝŵĂŐĞ�ǁŝƚŚ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϱ�

�ŝĨĨĞƌĞŶƚ�DĂƐŬ�^ŝǌĞƐ�ŽŶ�&W'��͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϱ�

�ŚĂƐĞƌ�ZŽďŽƚ�hƐŝŶŐ�DŝĐƌŽƐŽĨƚ�<ŝŶĞĐƚ�^ĞŶƐŽƌ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϲ�

^ƚƵĚǇ�ŽĨ�YŽ^�ĞĨĨŝĐŝĞŶĐǇ�ŝŶ��ĞƉůŽǇŵĞŶƚ�ŽĨ�DW>^�ĂŶĚ�DW>^�ͬ��ŝĨĨ^Ğƌǀ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϳ�

�ƌŽƉ�DŽŶŝƚŽƌŝŶŐ�^ǇƐƚĞŵ�hƐŝŶŐ�ZĂƐƉďĞƌƌǇ�Wŝ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϴ�

�ŝŐŝƚĂů�ĂŶĚ��ŶĂůŽŐ��ŽĚǇ�DĂƐƐ�/ŶĚĞǆ��ĂůĐƵůĂƚŝŶŐ��ĞǀŝĐĞ͗���ĐŽŵƉĂƌĂƚŝǀĞ�ƐƚƵĚǇ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϵ�

�ŽŵƉƵƚĂƚŝŽŶĂů��ŶĂůǇƐŝƐ�ŽĨ��ŝƌĐƌĂĨƚ�/ŵƉĂĐƚ�ŽŶ��ŽŶĐƌĞƚĞ�WĂŶĞů�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϬ�

DŽĚĞůŝŶŐ�ĂŶĚ�^ŝŵƵůĂƚŝŽŶ�ŽĨ�ƚŚĞ��ůĞĐƚƌŝĐĂů�sĞŚŝĐůĞ�hƐŝŶŐ�DĂƚůĂď�ĂŶĚ�ǀĞƌŝĨǇŝŶŐ�ŝƚ�ďǇ��ƌŝǀŝŶŐ��ǇĐůĞƐ
�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϭ�

�ĞƐŝŐŶ�ĂŶĚ��ŶĂůǇƐŝƐ�ŽĨ�,ŝŐŚ�^ĞŶƐŝƚŝǀĞ�WŚ��ďĂƐĞĚ�^ĞŶƐŽƌ�ĨŽƌ�DĞƚŚĂŶĞ�'ĂƐ��ĞƚĞĐƚŝŽŶ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϮ�

&ĞĂƐŝďŝůŝƚǇ�ŽĨ��ƌŽŶĞƐ�ĨŽƌ�ƚŚĞ�^ĞĐƵƌŝƚǇ�^ƵƌǀĞŝůůĂŶĐĞ�ŽĨ�DĞŚƌĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϯ�

�ŶŐŝŶĞĞƌŝŶŐ�Θ�dĞĐŚŶŽůŽŐǇ�;Dh�dͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϯ�

tĞďϯ��ůŝŐŚƚǁĞŝŐŚƚ�ůĞĂƌŶŝŶŐ�ĨƌĂŵĞǁŽƌŬ�ĨŽƌ�^ŚĂƉĞ�ƌĞƚƌŝĞǀĂů�ďĂƐĞĚ�ŽŶ��EE�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϰ�

�ŶƚŝďŝŽŐƌĂŵ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�WǇŽŐĞŶŝĐ��ĂĐƚĞƌŝĂ�ĂŶĚ�ƚŚĞ��ǀĂůƵĂƚŝŽŶ�ŽĨ�ƚŚĞŝƌ�DƵůƚŝͲ�ƌƵŐ�
ZĞƐŝƐƚĂŶĐĞ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϱ�

dŚĞ�/ŵƉůĞŵĞŶƚĂƚŝŽŶ�ŽĨ�^ĞĐƵƌĞ��ŽŵŵƵŶŝĐĂƚŝŽŶ�ŝŶ�DĞŵƌŝƐƚŽƌ��ĂƐĞĚ��ŚĂŽƚŝĐ��ŝƌĐƵŝƚ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϲ�

hƌĚƵ�>ĂŶŐƵĂŐĞ�dƌĂŶƐůĂƚŽƌ�hƐŝŶŐ��ĞĞƉ�EĞƵƌĂů�EĞƚǁŽƌŬ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϳ�

&ŝůƚĞƌ��ĞƐŝŐŶ�ĨŽƌ��ĚƵĐĂƚŝŽŶĂů�^Ğƚ�ǀŝĂ�>Ăďs/�t�^ŽĨƚǁĂƌĞ�WƌŽŐƌĂŵ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϴ�

/ŵƉƌŽǀŝƐŝŶŐ�^ĞĐƵƌŝƚǇ�ĂŶĚ�WƌŝǀĂĐǇ�sƵůŶĞƌĂďŝůŝƚŝĞƐ�ŝŶ�^ŵĂƌƚ�,ĞĂůƚŚ͖�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϲϵ�

^ŵĂƌƚ�^ƚƌĂƚĞŐŝĞƐ�ŽĨ�'ƌŽǁƚŚ�ĂŶĚ��ĞŚĂǀŝŽƌ�ŽŶ�^ŵĂƌƚ��Ͳ�dĂŝůŽƌŝŶŐ��&ƌĂŵĞǁŽƌŬ�ǁŝƚŚ�DŽďŝůĞ��ƉƉƐ�
dƌĞŶĚƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϬ�

�ĨĨŝĐŝĞŶĐǇ�ŽĨ�dǁŽ�sĞƌƐŝŽŶƐ�ŽĨ�^EKt�ĂŐĂŝŶƐƚ�'ƵĞƐƐ�Θ��ĞƚĞƌŵŝŶĞ��ƚƚĂĐŬ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϭ�

^W��dZKD��dZ/���E�>z^/^�K&�>zDW,K�zd����>>�&KZ�d,��͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϮ�

WZ�D�dhZ����d��d/KE�K&�>�h<�D/���z�^hZ&����W>�^DKE/��͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϮ�

d��,E/Yh��/E�E�EKW>�d&KZD�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϮ�



ϲ�ͮ�W Ă Ő Ğ

�ŝŐŝƚ�ZĞĐŽŐŶŝǌĞƌ�ƵƐŝŶŐ�DE/^d��ĂƚĂƐĞƚ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϯ�

,ŝŐŚ�^ƉĞĞĚ�K&�D�ďĂƐĞĚ�/ŵĂŐĞ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ƐǇƐƚĞŵ�ĨŽƌ�ZĞŵŽƚĞůǇ�KƉĞƌĂƚĞĚ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϰ�

hŶĚĞƌǁĂƚĞƌ�sĞŚŝĐůĞ�;ZKsͿ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϰ�

YƵĂůŝƚĂƚŝǀĞ�ĂŶĚ�YƵĂŶƚŝƚĂƚŝǀĞ��ŶĂůǇƐŝƐ�ŽĨ�DŝĐƌŽďŝŽůŽŐǇ�ĂŶĚ��ŶƚŝDŝĐƌŽďŝĂů�ZĞƐŝƐƚĂŶĐĞ�ŽĨ�'ŚĂƌŽ�
tĂƚĞƌ�^ĂŵƉůĞƐ�;<ĂƌĂĐŚŝ�ʹ�WĂŬŝƐƚĂŶͿ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϱ�

�ŶƚŝŵŝĐƌŽďŝĂů�ƐĐƌĞĞŶŝŶŐ�ŽĨ�tŝƚŚĂŶŝĂ�ĐŽĂŐƵůĂŶƐ�ĂŶĚ�EŝŐĞůůĂ�ƐĂƚŝǀĂ�ĂŐĂŝŶƐƚ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϲ�

ĐůŝŶŝĐĂů�ƐŬŝŶ�ŝŶĨĞĐƚŝŽŶ�ŝƐŽůĂƚĞƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϲ�

�ĞƐŝŐŶ�ŽĨ�^ŝĚĞ�ůŝŶŬ�WƌŽƚŽĐŽů�ĨŽƌ��Ϯ���ŽŵŵƵŶŝĐĂƚŝŽŶƐ�ŝŶ�s�E�dƐ�ƵƐŝŶŐ�>d�Ͳ��͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϳ�

W�Z&KZD�E����E�>z^/^�K&��/KZd,K'KE�>�&/>d�Z���^/'E�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϴ�

h^/E'�d,��>/&d/E'���^���^�,�D��&KZ�hE��Zt�d�Z�D��/��>�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϴ�

/D�'��dZ�E^D/^^/KE�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϴ�

'ƌĂƚŝŶŐ��ĂƐĞĚ�WƌĞƐƐƵƌĞ�ŵŽŶŝƚŽƌŝŶŐ�ƐǇƐƚĞŵ�ĨŽƌ�ƐƵďĂƋƵĂƚŝĐ�ĂƉƉůŝĐĂƚŝŽŶ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϵ�

ZĞĂůͲdŝŵĞ��ƌŽǁĚ��ŶĂůǇƐŝƐ�ĨŽƌ�^ƵƌǀĞŝůůĂŶĐĞ��ƉƉůŝĐĂƚŝŽŶƐ�ŝŶ�^ŵĂƌƚ��ŝƚǇ�ƵƐŝŶŐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϬ�

�ŽŵƉƵƚĞƌ�sŝƐŝŽŶ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϬ�

�ŽŵƉĂƌŝƐŽŶ�ŽĨ�ĐŽŵƉƌĞƐƐĞĚ�ƐĞŶƐŝŶŐ�DD^���ŚĂŶŶĞů�ĞƐƚŝŵĂƚŝŽŶ�ǁŝƚŚ�ĐŽŶǀĞŶƚŝŽŶĂů�>^�ĂŶĚ�DD^�
�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϭ�

�ŽŵƉĂƌĂƚŝǀĞ��ŶĂůǇƐŝƐ�ďĞƚǁĞĞŶ��ŽŶǀĞŶƚŝŽŶĂů�ĂŶĚ�DŽĚŝĨŝĞĚ��ĂƐĐĂĚĞĚ�,Ͳ�ƌŝĚŐĞ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϮ�

EŝŶĞ�>ĞǀĞů�dŽƉŽůŽŐŝĞƐ�ƵƐŝŶŐ�DƵůƚŝĐĂƌƌŝĞƌ�WƵůƐĞ�tŝĚƚŚ�DŽĚƵůĂƚŝŽŶ�dĞĐŚŶŝƋƵĞƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϮ�

sŝƐƵĂůŝǌŝŶŐ�WĞŽƉůĞΖƐ��ŵŽƚŝŽŶƐ�ŝŶ�&ĂĐĞďŽŽŬ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϯ�

^ĞĐƵƌĞ�/ĚĞŶƚŝƚǇͲ�ĂƐĞĚ��ƌǇƉƚŽŐƌĂƉŚŝĐ�ĂƉƉƌŽĂĐŚ�ĨŽƌ�sĞŚŝĐƵůĂƌ��ŚͲŚŽĐ�EĞƚǁŽƌŬƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϰ�

�ƐƐĞƐƐŵĞŶƚ�ĂŶĚ��ǀĂůƵĂƚŝŽŶ�ŽĨ�^ĞĐƵƌŝƚǇ�DĞĐŚĂŶŝƐŵƐ�ŝŶ�^ŽĨƚǁĂƌĞ��ĞĨŝŶĞĚ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϱ�

EĞƚǁŽƌŬ�;^�EͿ͗���ZĞǀŝĞǁ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϱ�

�ŝĐůƵƐƚĞƌŝŶŐ�ƵƐŝŶŐ�/ŶƚĞůůŝŐĞŶƚ�tĂƚĞƌ��ƌŽƉƐ��ůŐŽƌŝƚŚŵ�ǁŝƚŚ�>ĞĂĚĞƌ��ůƵƐƚĞƌŝŶŐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϲ�

�ƉƉƌŽĂĐŚ�ĨŽƌ�tĞď�hƐĂŐĞ�DŝŶŝŶŐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϲ�

DŝŶŝŵŝǌŝŶŐ��ǆƉůŽƌĂƚŝŽŶ�dŝŵĞ�hƐŝŶŐ��ůƵƐƚĞƌ�,ĞĂĚƐ�dƌĞĞ�ŝŶ�DƵůƚŝƌŽďŽƚ��ƌĞĂ��ǆƉůŽƌĂƚŝŽŶ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘�ϴϳ�

�ůůŝƉƚŝĐ��ƵƌǀĞ��ƌǇƉƚŽŐƌĂƉŚǇ�hƐŝŶŐ��ŚĂŽƚŝĐ�EĞƵƌĂů�EĞƚǁŽƌŬ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϴ�

EĞǁ��ƉƉƌŽĂĐŚ��ĂƐĞĚ�/ŶƚĞƌŶĞƚ�ŽĨ�dŚŝŶŐƐ�ĨŽƌ�Ă��ůĞĂŶ��ƚŵŽƐƉŚĞƌĞ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϴϵ�

��^ƵƌǀĞǇ�ŽŶ�^ĞŶƚŝŵĞŶƚ��ŶĂůǇƐŝƐ͕��ůĂƐƐŝĨŝĐĂƚŝŽŶ�ĂŶĚ��ƉƉůŝĐĂƚŝŽŶƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϬ�

hƐĂďŝůŝƚǇ��ǀĂůƵĂƚŝŽŶ�DĞƚŚŽĚ�ƚŚƌŽƵŐŚ�^h^��ŶĂůǇƐŝƐ�ĨŽƌ��ŽŝŶ�WĂƌƚǇ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϭ�

^ŵĂƌƚ�'ƌŝĚ�^ĞĐƵƌŝƚǇ�ǁŝƚŚ���^�,ĂƌĚǁĂƌĞ��ŚŝƉ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϮ�

���ŽŶƚĞǆƚͲĂǁĂƌĞ��ĂƚĂ�&ƵƐŝŽŶ��ƉƉƌŽĂĐŚ�ĨŽƌ�,ĞĂůƚŚͲ/Žd�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϯ�

�ǆƉĞƌŝŵĞŶƚĂů��ǀĂůƵĂƚŝŽŶ�ŽĨ��ƌŝĚŐĞ�^ƚƌƵĐƚƵƌĂů�,ĞĂůƚŚ�DŽŶŝƚŽƌŝŶŐ�hƐŝŶŐ�&ŝŶŝƚĞ��ůĞŵĞŶƚ�DĞƚŚŽĚ�͘ �ϵϰ�

/Es/dZK�^dh�/�^�K&�DKZ/E'��K>�/&�Z��͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϱ�

�,�EE�>���W��/dz��E�>z^/^�K&����K��Ͳ&KZt�Z����^����KͲ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϲ�



ϳ�ͮ�W Ă Ő Ğ

KW�Z�d/s���KDDhE/��d/KE�^z^d�D�Ks�Z�ɲͲђ�&��/E'��,�EE�>�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϲ�

�ŽŵƉĂƌŝƐŽŶ�ŽĨ�WĞƌĨŽƌŵĂŶĐĞ�DĞƚƌŝĐƐ�/Ŷ�ZŽƵƚŝŶŐ�WƌŽƚŽĐŽůƐ�ĨŽƌ�hŶĚĞƌǁĂƚĞƌ�^ĞŶƐŽƌ�EĞƚǁŽƌŬƐ�͘ ͘͘͘͘�ϵϳ�

WZKWK^����&&/�/�Ed�D�d,K��&KZ�d/�<�d��KK</E'�;W�Dd�Ϳ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϴ�

,ǇďƌŝĚ�dĞƐƚ��ƵƚŽŵĂƚŝŽŶ�&ƌĂŵĞǁŽƌŬ�ĨŽƌ�ŵĂŶĂŐŝŶŐ�dĞƐƚ��ĂƚĂ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϵϵ�

dŚĞ�^ŽĨƚǁĂƌĞ��ŶŐŝŶĞĞƌŝŶŐ��ŽĚǇ�ŽĨ�<ŶŽǁůĞĚŐĞ͗����ĞŶĐŚŵĂƌŬŝŶŐ�dŽŽů�ĨŽƌ�KƌŐĂŶŝǌĂƚŝŽŶĂů�WƌŽĐĞƐƐ�
�ƐƐĞƐƐŵĞŶƚ�ĂŶĚ�/ŵƉƌŽǀĞŵĞŶƚ�ʹ��ĂƐĞ�^ƚƵĚǇ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϬ�

WĞƌĨŽƌŵĂŶĐĞ�ĂŶĂůǇƐŝƐ�ŽǀĞƌ�ĂƐǇŵŵĞƚƌŝĐ�ZĂǇůĞŝŐŚ�ĂŶĚ�ŬͲђ�ĨĂĚŝŶŐ�ĐŚĂŶŶĞů�ĨŽƌ�ĚƵĂů�ŚŽƉ�ĚĞĐŽĚĞͲ
ĨŽƌǁĂƌĚ�ƌĞůĂǇŝŶŐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϭ�

�ůĞĐƚƌŝĐĂů��ƋƵŝƉŵĞŶƚ�/ŶĐŝƉŝĞŶƚ�&ĂƵůƚƐ�^ŝŵƵůĂƚŝŽŶ�ƵƐŝŶŐ��ůĞĐƚƌŽŵĂŐŶĞƚŝĐ�&ŝĞůĚ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϮ�

�ŵŝƐƐŝŽŶ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϮ�

/ŶƚĞŐƌĂƚĞĚ�ŽƉƚŝĐĂů�ĚĞůĂǇ�ůŝŶĞ�ďĂƐĞĚ�ŽŶ�DĂĐŚʹ�ĞŚŶĚĞƌ�/ŶƚĞƌĨĞƌŽŵĞƚĞƌ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϯ�

��&ƌĂŵĞǁŽƌŬ�ĨŽƌ�sŝƐƵĂů�ZĞƉƌĞƐĞŶƚĂƚŝŽŶ�ŽĨ��ƌŝŵĞ�/ŶĨŽƌŵĂƚŝŽŶ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϰ�

t��W͗�tĞŝŐŚƚ��ĂƐĞĚ��ŶĞƌŐǇ��ĨĨŝĐŝĞŶƚ�WƌŝŽƌŝƚǇ�^ĐŚĞĚƵůŝŶŐ�ŽĨ��ĂƚĂ�WĂĐŬĞƚƐ�ŝŶ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϱ�

DŽďŝůĞ��ĚͲŚŽĐ�EĞƚǁŽƌŬƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϱ�

WĞƌĨŽƌŵĂŶĐĞ��ŽŵƉĂƌŝƐŽŶ�ďĞƚǁĞĞŶ�sĂƌŝŽƵƐ��ŽŶĨŝŐƵƌĂƚŝŽŶƐ�ŽĨ�W/���ŽŶƚƌŽůůĞƌ�ĨŽƌ�EŽŶůŝŶĞĂƌ�
/ŶǀĞƌƚĞĚ�WĞŶĚƵůƵŵ�^ǇƐƚĞŵ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϲ�

DŽĚĞůŝŶŐ�ĂŶĚ�^ŝŵƵůĂƚŝŽŶ�ĨŽƌ����DŽƚŽƌ�hƐŝŶŐ��ůĂƐƐŝĐĂů��ŽŶƚƌŽů�ĂŶĚ�WŽůĞ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϳ�

WůĂĐĞŵĞŶƚ��ŽŶƚƌŽů��ĞƐŝŐŶ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϳ�

/ŶǀĞƐƚŝŐĂƚŝŽŶ�ŽĨ�KƉƚŝŵƵŵ�dĞŵƉĞƌĂƚƵƌĞ�ZĞŐƵůĂƚŝŶŐ�dĞĐŚŶŝƋƵĞ�ĨŽƌ�^ŚĞůů�ĂŶĚ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϴ�

dƵďĞ�dǇƉĞ�,ĞĂƚ��ǆĐŚĂŶŐĞƌ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϴ�

�ŶĂůǇƚŝĐĂů�^ƚƵĚǇ�ŽĨ��ǆŝƐƚŝŶŐ�y'ͲWKE�ĂŶĚ�WƌŽƉŽƐĞĚ�E'ͲWKE�EĞƚǁŽƌŬƐ�ǁŝƚŚ��YW^<��ŽǁŶƐƚƌĞĂŵ�
ĂŶĚ�/Z��hƉƐƚƌĞĂŵ�DŽĚƵůĂƚŝŽŶ�dĞĐŚŶŝƋƵĞƐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϬϵ�

,ŝƐƚŽƌǇ�ŽĨ�EĂŶŽƚĞĐŚŶŽůŽŐǇ͗�WĂƐƚ͕��ƵƌƌĞŶƚ�ĂŶĚ�&ƵƚƵƌĞ��ƉƉůŝĐĂƚŝŽŶƐ�ŝŶ��ƌƵŐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϬ�

�ĞůŝǀĞƌǇ�ĂŶĚ�/ŵĂŐŝŶŐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϬ�

>ŝŶŬ��ƵƌĂƚŝŽŶ��ŶĂůǇƐŝƐ�ŽĨ��ŶƚŝƚǇ�DŽďŝůŝƚǇ�DŽĚĞůƐ�ŝŶ�ƚŚĞ�EĞƚǁŽƌŬ�ŽĨ�DŽǀŝŶŐ�KďũĞĐƚƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϭ�

W/͕�&ƵǌǌǇ�ĂŶĚ��E&/^�ďĂƐĞĚ�WĞƌĨŽƌŵĂŶĐĞ��ŶĂůǇƐŝƐ�ŽŶ�ƚŚĞ�,ǇďƌŝĚ�^ŚƵŶƚ��ĐƚŝǀĞ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϮ�

&ŝůƚĞƌ��ŽŶƚƌŽůůĞĚ�ďǇ�Ă��ŽŵƉŽƐŝƚĞ��ŽŶƚƌŽů�dĞĐŚŶŝƋƵĞ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϮ�

�ŶĂůǇƐŝƐ�ŽĨ��dE�ZŽƵƚŝŶŐ�WƌŽƚŽĐŽůƐ�ŝŶ��Z,d�ĂŶĚ�d^W�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϯ�

�ĂƉĂĐŝƚǇ�ĂŶĚ���Z��ŶĂůǇƐŝƐ�ŽĨ�&^K�>ŝŶŬ�ŝŶ��ĚǀĞƌƐĞ�tĞĂƚŚĞƌ��ŽŶĚŝƚŝŽŶƐ�ŽǀĞƌ�<Ͳ�ŝƐƚƌŝďƵƚŝŽŶ�͘͘͘͘͘�ϭϭϰ�

^ŵĂƌƚ�'ƌŝĚ�Ͳ�^ĞĐƵƌŝƚǇ�ĂŶĚ�,ĂƌĚǁĂƌĞ��ƌǇƉƚŽŐƌĂƉŚǇ�hƐŝŶŐ�d��/d��ůŐŽƌŝƚŚŵ��ĚĞƐŚ�<ƵŵĂƌ�͘ ͘͘͘͘͘͘͘͘�ϭϭϱ�

>ŝŐŚƚͲǁĞŝŐŚƚ�ĂŶĚ�>ŽǁͲĐŽƐƚ�,ĞĂůƚŚ�ĂƌĞ�Ͳ����ůŽƵĚ�ďĂƐĞĚ���E�ĨŽƌ�ZĞŵŽƚĞ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϲ�

,ĞĂůƚŚ�DŽŶŝƚŽƌŝŶŐ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϲ�

�ŶŽŵĂůǇ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�ƐƚƌĞĂŵŝŶŐ�ĚĂƚĂ�ƵƐŝŶŐ�ďŝŐ�ĚĂƚĂ�ĂŶĂůǇƚŝĐƐ�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϳ�



ϴ�ͮ�W Ă Ő Ğ

57&6(¶���6FKHGXOH��

ʹ����������ʹͲͳͺ�

9LGHR�
3UHVHQWDWLRQ�

$YDLODEOH���[��RQ�<RX7XEH�&KDQQHO�RI�*\DQFLW\�5HVHDUFK�/DE��
KWWSV���ZZZ�\RXWXEH�FRP�FKDQQHO�8&+WG,X;%�HYKP4E�]4��X&$
3DSHU�,G���������������������������������������������������������������������
����������������������������������

������������

������������

6DWHOOLWH�6N\SH�6HVVLRQV�#�7KH�2[IRUG�&ROOHJH�RI�(QJLQHHULQJ��,QGLD�
3DSHU�,G������ ��������������������������������������������������������������
����
&KDLUHG�E\�3URI�3UHHWD�6KDUDQ��7KH�2[IRUG�&ROOHJH�RI�(QJLQHHULQJ��,QGLD�

6N\SH�6HVVLRQV�#�%DQJNRN��7KDLODQG�
3DSHU�,G����������������������������
&KDLUHG�E\�3URI�$NEDU�+XVVDLQ��$DOERUJ�8QLYHUVLW\��'HQPDUN�

������������� 5HSRUWLQJ�DW�5HJLVWUDWLRQ�'HVN�

�UG�-DQXDU\�������
�����������$0�� 5HSRUWLQJ�DW�5HJLVWUDWLRQ�'HVN�

������������$0�� ,QDXJXUDO�6SHHFK��&KDLU�3URI�$NEDU�+XVVDLQ��$DOERUJ�8QLYHUVLW\��

'HQPDUN

,QDXJXUDO�.H\QRWH��$OEL]LD�0DSSLQJ��'LVDVWHU�3ODQQLQJ�DQG�5LVN�
0DQDJHPHQW�LQ��+DZDLL�-DVRQ�/HY\��5RVV�3UL]]LD��8QLYHUVLW\�RI�+DZDLL���
86$�

������������$0�
6HVVLRQ���DQG�6HVVLRQ���3UHVHQWDWLRQV�

6HVVLRQ�����
&KDLU��5RVV�3UL]]LD��8QLYHUVLW\�RI�+DZDLL�
/RFDWLRQ��$�%XLOGLQJ�
3UHVHQWDWLRQV����������������������������������

6HVVLRQ����
&KDLU��3URI�*DXUDY�9HUPD��-,,7��,QGLD
/RFDWLRQ��%�%XLOGLQJ�
3UHVHQWDWLRQV�����������������������������

������������$0� &RIIHH�%UHDN��
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������������$0� 6HVVLRQ���DQG�6HVVLRQ���3UHVHQWDWLRQV�

6HVVLRQ�����
&KDLU��3URI��6D\HG�+\GHU�$EEDV�0XVDYL��,QGXV�8QLYHUVLW\��3DNLVWDQ�DQG�3URI
$NEDU�+XVVDLQ��$DOERUJ�8QLYHUVLW\��'HQPDUN��
/RFDWLRQ��$�%XLOGLQJ�
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&KDLU�

*(1(5$/�&+$,5�

�� '��0��$��+XVVDLQ��$DOERUJ�8QLYHUVLW\��'HQPDUN�
�� *HHWDP�6�7RPDU��0,5�/DE��*ZDOLRU��,QGLD�

352*5$0�&200,77((�&+$,56�

�� -DYLHU�3RQFHOD��8QLYHUVLW\�RI�0DODJD��6SDLQ�
�� %KDZDQL�6KDQNDU�&KRZGKU\��0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��

3DNLVWDQ�

,17(51$7,21$/�352*5$00(�&200,77((�0(0%(5��

�� -DVRQ�/HY\��8QLYHUVLW\�RI�+DZDLL��86$�
�� $NVKD\�.XPDU�5DWKRUH��1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH��6LQJDSRUH�
�� 0XKDPPDG�,TEDO�%KDWWL��=LDXGGLQ�&ROOHJH�RI�%LRPHGLFDO�(QJLQHHULQJ��3DNLVWDQ��

0��6DGLT�$OL�.KDQ��&RPSXWHU�6FLHQFH�'HSDUWPHQW��8QLYHUVLW\�RI�.DUDFKL��
3DNLVWDQ�� *XUSUHHW�6LQJK��8QLYHUVLW\�RI�/HWKEULGJH��/HWKEULGJH��&DQDGD��

�� +DRSLQJ�:DQJ��1DQMLQJ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��1DQMLQJ��&KLQD�
�� -HQV�%R�+ROP�1LHOVHQ��$DOERUJ�8QLYHUVLW\��'HQPDUN�
�� 0G�+DVKLP�0LQYHU��$GGDODLFKHQDL�1DWLRQDO�&ROOHJH�2I�(GXFDWLRQ��6ULODQND�� 0G��

5DMLEXO�,VODP��8QLYHUVLW\�RI�0DOD\D��.XDOD�/XPSXU��0DOD\VLD��0G�0DKEXE�(�
1RRU��8QLYHUVLW\�RI�%DULVDO��%DQJODGHVK��

�� 0XKDPPDG�)DL]�/LHZ�$EGXOODK��7XQ�+XVVHLQ�2QQ�8QLYHUVLW\�RI�0DOD\VLD�
�� 1RRU�=DPDQ��.LQJ�)DLVDO�8QLYHUVLW\��6DXGL�$UDELD�� 2VDPD�0RK
G�$OLD��

8QLYHUVLW\�RI�7DEXN��6DXGL�$UDELD��
�� 7DQHVK�.XPDU��8QLYHUVLW\�RI�2XOX��2XOX��)LQODQG�
�� 0RKG�1DMLE�%LQ�0RKG�6DOOHK��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD�
�� 1RRU�(ODL]D�$EGXO�.KDOLG��8QLYHUVLWL�7HNQRORJL��6KDK�$ODP��6HODQJRU��0DOD\VLD�
�� 0XKDPPDG�$DPLU��6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�	�7HFKQRORJ\��3DNLVWDQ���



ϭϭ�ͮ�W Ă Ő Ğ

38%/,&,7<�&200,77((�&+$,5�
�� 5RVV�3UL]]LD��8QLYHUVLW\�RI�+DZDLL��86$�
�� 0RKDPPDG�.DPUXO�+DVDQ��,QWHUQDWLRQDO�,VODPLF�8QLYHUVLW\�0DOD\VLD��,,80���
�� $KPHG�0XGGDVVLU�.KDQ��,QGXV�8QLYHUVLW\��3DNLVWDQ�
�� 6KD\OD�,VODP��,QWHUQDWLRQDO�,VODPLF�8QLYHUVLW\�0DOD\VLD��,,80���0DOD\VLD�
�� $QLND�=DILDK�0RKG�5XV��8QLYHUVLW\�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���0DOD\VLD�
�� .KDOLG�+DVQDQ��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���0DOD\VLD�
�� $OILDQ�$EGXO�+DOLQ��3XWUD�8QLYHUVLW\��3XWUDMD\D��0DOD\VLD�
�� 1RU�6KDKLGD�0RKG�6KDK��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���0DOD\VLD�

$'9,625<�67((5,1*�&200,77((��

�� 6DQGHHS�.XPDU��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� $EKLQHHW�$QDQG��83(6��'HKUDGXQ��,QGLD��
�� $MD\�.XPDU�&KDXKDQ��,QVWLWXWH�RI�0DQDJHPHQW�7HFKQRORJ\��*KD]LDEDG��,QGLD��
�� $MD\�6KDQNDU�6KXNOD��0LQLVWU\�RI�$<86+��*RYW��RI�,QGLD��1HZ�'HOKL��,QGLD��
�� %KDJZDQ�'DV��7XQ�+XVVHLQ�2QQ�8QLYHUVLW\�RI�0DOD\VLD��
�� %LNUDP�.�%DKLQLSDWL��$PLW\�8QLYHUVLW\�0DGK\D�3UDGHVK��,QGLD��
�� %LQRG�.XPDU��8QLYHUVLW\�RI�3XQH��,QGLD��
�� 'LQHVK�0LVUD��&KDQGLJDUK�&KDSWHU��&RPSXWHU�6RFLHW\�RI�,QGLD��,QGLD�
�� 'U�6\HG�+\GHU�$EEDV�0XVDYL��,QGXV�8QLYHUVLW\��.DUDFKL��3DNLVWDQ�
�� *XUSUHHW�6LQJK��<DPXQD�,QVWLWXWH�RI�(QJLQHHULQJ�	�7HFKQRORJ\��,QGLD��
�� ,UIDQ�$KPHG�+DOHSRWR��0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��

3DNLVWDQ�
�� -DJGLVK�.XPDU��1DWLRQDO�.QRZOHGJH�1HWZRUN�/DEV��,QGLD�
�� -LWHQGHU�*URYHU��0�0��8QLYHUVLW\��6DGRSXU��$PEDOD��+DU\DQD��,QGLD�
�� .XQDO�.DOLD��**'6'�&ROOHJH��&KDQGLJDUK��,QGLD�
�� 0DQLVK�.XPDU��-D\SHH�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��,QGLD�
�� 0DQLVKD�3DWWDQDLN��,,,7��*ZDOLRU��,QGLD��
�� 3DUGHHS�.XPDU��48(67�1DZDEVKDK��3DNLVWDQ�
�� 3UDGLS�6ZDUQNDU��,,,7��*ZDOLRU��,QGLD�
�� 5DKXO�.DOD��,,,7�$OODKDEDG��,QGLD�
�� 5RRSD�.XONDUQL��*,7��%HOJDXP��,QGLD��
�� 6ZDUQ�6LQJK��6UL�9HQNDWHVZDUD�&ROOHJH��'HOKL�8QLYHUVLW\��,QGLD��
�� 9LMD\�.KDUH��-D\SHH�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��,QGLD�
�� 9LVKDO�-DLQ��%KDUWL�9LG\DSHHWK��1HZ�'HOKL��,QGLD�
�� 9LVZDP�3DUWKLEDQ��1DWLRQDO�8QLYHUVLW\��6LQJDSRUH�
�� <XVUL�<XVRI��7XQ�+XVVHLQ�2QQ�8QLYHUVLW\�RI�0DOD\VLD�
�� 3UDVKDQW�3��3DWDYDUGKDQ��./6�*RJWH�,QVWLWXWH�RI�7HFKQRORJ\��%HODJDYL��,QGLD
�� 5DVKLGDK�)XQNH�2ODQUHZDMX��,QWHUQDWLRQDO�,VODPLF�8QLYHUVLW\�0DOD\VLD�
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:25.6+236�,1'8675,$/�/,$,621�$1'�78725,$/6�25*$1,6,1*�
&+$,56��

�� -��/��5DKHMD��6U��3U��6FLHQWLVW��0DFKLQH�9LVLRQ�/DE�&((5,��3,/$1,��5$-���,QGLD��
�� 1DUHVK�&KDXKDQ��<0&$�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��)DULGDEDG��,QGLD��
�� 9LVKDO�0HKWD��,%0��,QGLD�
�� 0XNHVK�1HJL��7HFKQLFDO�3URMHFW�0DQDJHU��7HFK0DKLQGUD��1RLGD��,QGLD��

7(&+1,&$/�352*5$00(�&200,77((�0(0%(5�
�� 'U��6UL�&KXVUL��+DU\DQWL��67��07��,QGRQHVLD�
�� )D\FDO�%(16$/$+��8QLYHUVLW\�&KRXDLE�'RXNNDOL��0RURFFR�
�� $\RXE�%$+1$66(��/7,�/DERUDWRU\��&DVDEODQFD��0RURFFR�
�� $]HGGLQH�.+,$7��66',$�/DERUDWRU\��&DVDEODQFD��0RURFFR�
�� =DLQ�$QZDU�$OL��6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��3DNLVWDQ�
�� .KDLUXO�$]DPL�%LQ�6LGHN��,QWHUQDWLRQDO�,VODPLF�8QLYHUVLW\�0DOD\VLD�
�� .DYLWD�*RVZDPL��)DQVKDZH�&ROOHJH��/RQGRQ��2QWDULR��&DQDGD�
�� 6DW\DEUDWD�6DUDQJL��8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��86$��
�� $IWDE�$KPHG��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��0DOD\VLD�
�� %DGUXO�$LVKDP��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���0DOD\VLD�
�� .DPUDQ�/DWLI��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���0DOD\VLD�
�� .DVKLI�+XVVDLQ��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���0DOD\VLD�
�� 1XU�0XQLUDK�$EGXOODK��8QLYHUVLW\�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���0DOD\VLD�
�� *KXODP�0XVWDID�6KRUR��$DOERUJ�8QLYHUVLW\��'HQPDUN��
�� 0XVWDID�$OJDHW��8QLYHUVLWL�7HNQLNDO�0DOD\VLD��0DOD\VLD��
�� $QLNHW�,QJDYDOH��0$((5
V��0,7�&ROOHJH�RI�(QJLQHHULQ��3XQH�
�� 6XGKDQVKX�*RQJH��7ULQLW\�&ROOHJH�RI�(QJLQHHULQJ�DQG�5HVHDUFK��3XQH��,QGLD�
�� $VKXWRVK�6LQJK��0RWLODO�1HKUX�1DWLRQDO�,QVWLWXWH�RI�7HFKQRORJ\��$OODKDEDG��,QGLD�
�� $VKYLQLNXPDU�'RQJUH��*�+��5DLVRQL�&ROOHJH�RI�(QJLQHHULQJ��1DJSXU��,QGLD�
�� &XQH\W�<XFHOEDV��6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�
�� 6XOH�<XFHOEDV��6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�
�� %KDOH�3UDGHHSNXPDU��1,7�-DODQGKDU��,QGLD�
�� &KKDYL�6D[HQD��0DKDUDQD�3UDWDS�&ROOHJH�2I�7HFKQRORJ\��*ZDOLRU��,QGLD�
�� 'HHSD�6LQJK�7HFKQLFDO�$VVLVWDQW��$%9�,,,70�*ZDOLRU��,QGLD�
�� 'LQHVK�6KDUPD��,06�8QLVRQ�8QLYHUVLW\��'HKUDGXQ��,QGLD�
�� 'LVKD�&KDXKDQ��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 'LSWL�0LVKUD��36,7�.DQSXU��,QGLD�
�� (O�$UEL�$%'(//$28,�$/$28,��(,*6,�(QJLQHHU�6FKRRO��&DVDEODQFD���0RURFFR��
�� )XUTDQ�)D]LOL��,VODPLF�8QLYHUVLW\�RI�6FLHQFH�	�7HFKQRORJ\��$ZDQWLSRUD��,QGLD�
�� *XVVDQ�0DD]�0XIWL��1DWLRQDO�8QLYHUVLW\�RI�6FLHQFHV�DQG�7HFKQRORJ\��3DNLVWDQ�
�� +LPDQVKX�9HUPD��-D\SHH�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��,QGLD�
�� ,QGUDGLS�%DQHUMHH��1DWLRQDO�,QVWLWXWH�RI�7HFKQRORJ\��'XUJDSXU��:HVW�%HQJDO��,QGLD�
�� -RJHQGUD�*DUDLQ��1,7�'XUJDSXU��,QGLD�
�� -XKL�$JUDZDO��8QLYHUVLW\�RI�3HWUROLXP��'HKUDGXQ��8�.���,QGLD�
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�� /DNVKD\�.DOUD��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 0DKHQGUD�6KXNOD��,,,7�$OODKDEDG��,QGLD�
�� 0DQLVK�.XPDU�6LQJK��,,7�3DWQD��,QGLD�
�� 0DQRM�%KDWW��+&/�1RLGD��,QGLD�
�� 0G�0DKEXE�(�1RRU��8QLYHUVLW\�RI�%DULVDO��%DQJODGHVK��
�� 0LQDO�'KDQNDU��0DKDUDMD�6XUDMPDO�,QVWLWXWH�RI�7HFKQRORJ\��-DQNSXUL��'HOKL��,QGLD�
�� 0RKVLQ�-DPL��1DWLRQDO�8QLYHUVLW\�RI�6FLHQFHV�DQG�7HFKQRORJ\��1867���3DNLVWDQ��
�� 1HKD�6KDUPD��'HSW��RI�(OHFWURQLFV��.HVKDY�0DKDYLGD\DOD\D��8QLYHUVLW\�RI�'HOKL�
�� 1DUHVK�6KDUPD��'HOKL�8QLYHUVLW\��'HOKL��,QGLD�
�� 1LWLVK�5DMRULD��.HLR�8QLYHUVLW\��-DSDQ�
�� 2P�-HH�3DQGH\��,,7�.DQSXU��,QGLD�
�� 3DEDN�,QGX��7KH�8QLYHUVLW\�RI�%XUGZDQ�%XUGZDQ�:HVW�%HQJDO��,QGLD�
�� 3DQNDM�.KDQQD��$FKDU\D�1DUHQGUD�'HY�&ROOHJH��8QLYHUVLW\�RI�'HOKL�
�� 3DUHVK�.KDQHMD��4XLFNKHDOV��,QGLD�
�� 3XQHHW�7RPDU��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 3D\DO�$URUD��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 3UDEKDW�5DQMDQ�6LQJK��:XKDQ�8QLYHUVLW\�RI�7HFKQRORJ\��&KLQD�
�� 5DMHQGUD�$DVHUL��/RYHO\�3URIHVVLRQDO�8QLYHUVLW\��-DODQGKDU��,QGLD�
�� 5DVKPL�6KDUPD��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 5DYLQGHU�.DXU��3XQMDE�8QLYHUVLW\��,QGLD�
�� 6KDQW�%KXVKDQ��,,,7�*ZDOLRU��,QGLD�
�� 6\HG�0XKDPPDG�6KHKUDP�6KDK��08(7���3DNLVWDQ�
�� 6KLYDQL�6KDUPD��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 6RXYLN�%KDWWDFKDU\\D��7KH�8QLYHUVLW\�RI�%XUGZDQ�%XUGZDQ�:HVW�%HQJDO��,QGLD�
�� 6ULQLYDVDQ�$UXFKDP\��&0(5,��&6,5���,QGLD�
�� 6XPLWD�1DJDK��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 6XVKDQW�6KHNKDU��-D\SHH�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��,QGLD�
�� 6ZHHW\�'DEEDV��0DKDUDMD�6XUDMPDO�,QVWLWXWH��-DQDNSXUL��'HOKL�
�� 9DQGDQD�7KLQG��*\DQFLW\�5HVHDUFK�/DE��,QGLD�
�� 9LMD\�%KDVNDU�6HPZDO��,,,7�$OODKDEDG��,QGLD�
�� 9LVKRN�6LQJK��,06�8QLVRQ�8QLYHUVLW\��'HKUDGXQ��,QGLD�

&219(1(5��

�� .DUWLN�.DOLD��*\DQFLW\�5HVHDUFK�/DE��,QGLD
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$EVWUDFW�RI�3DSHUV�$FFHSWHG�LQ�57&6(¶���7KDLODQG�&RQIHUHQFH�

3DSHU�
,G

3DSHU�7LWOH

�� $SSOLFDWLRQ�RI�9HU\�+LJK�UHVROXWLRQ�3LFWRPHWU\�,PDJHU\�WR�
$VVHVVLQJ�

$OEL]LD�5LVN�LQ�+DZDLL�

4LDQ�=KDQJ��8QLYHUVLW\�RI�+DZDLL��86$����
5LFKDUG�)URVW��8QLYHUVLW\�RI�+DZDLL��86$����
-DVRQ�/HY\��8QLYHUVLW\�RI�+DZDLL��86$����
4L�&KHQ��8QLYHUVLW\�RI�+DZDLL��86$����

-LP�-DFREL��86*6��DQG�5RVV�3UL]]LD��8QLYHUVLW\�RI�+DZDLL��86$

$EVWUDFW�� 9HU\� KLJK�UHVROXWLRQ� �FD�� ��� FP� SL[HO�� JHRUHFWLILHG� 3LFWRPHWU\�
LPDJHU\�LV�DYDLODEOH�IRU�PDQ\�UHJLRQV�RI�WKH�ZRUOG��LQFOXGLQJ�PRVW�RI�WKH�8QLWHG�
6WDWHV�� 7KLV� 3LFWRPHWU\� LPDJHU\� LV� DSSOLHG� WR� DVVHVVLQJ� WKH� ULVN� RI� $OEL]LD�
�)DOFDWDULD�PROXFFDQD���RQH�RI�WKH�IDVWHVW�JURZLQJ�WUHHV�LQ�WKH�ZRUOG��,Q�+DZDLL��
$OEL]LD� KDV� EHFRPH� QDWXUDOL]HG� LQ� PDQ\� ZHW� ORZODQG� DUHDV� ZKHUH� LW� VSUHDGV�
UDSLGO\�GXH�WR�ODUJH�QXPEHUV�RI�ZLQGEORZQ�VHHGV��,Q�RUGHU�WR�UHOHDVH�WKH�GDPDJH�
RI�$OEL]LD�WUHH��GHWHFWLRQ�DQG�PDSSLQJ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�$OEL]LD�WUHHV�LQ�
+DZDLL�LV�FUXFLDO��5HPRWH�VHQVLQJ�KDV�EHHQ�XVHG�IRU�GHFDGHV�WR�PHDVXUH�DQG�PDS�
WKH�ELRSK\VLFDO�FKDUDFWHULVWLFV�RI�YHJHWDWLRQ��7KH�UHFHQWO\�ODXQFKHG�:RUOG9LHZ�
�� VDWHOOLWH� LV� DEOH� WR� SURYLGH� HLJKW� PXOWL�VSHFWUDO� EDQGV� ZLWK� D� ��P� VSDWLDO�
UHVROXWLRQ�� 7KH� FRQYHQWLRQDO� PHWKRGV� IRU� FODVVLI\LQJ� KLJK� UHVROXWLRQ� LPDJHV�
VXIIHU� IURP� VSHFWUDO� VLPLODULW\� EHWZHHQ� FODVVHV� DQG� ODUJH� YDULDELOLW\� ZLWKLQ�
FODVVHV��,Q�WKLV�VWXG\��ZH�SURSRVHG�D�QRYHO�FODVVLILFDWLRQ�PHWKRGRORJ\�E\�XVLQJ�
WKH�VWDWH�RI�WKH�DUW�PDFKLQH�OHDUQLQJ�DOJRULWKPV�DQG�E\�FRPELQLQJ�LPDJH�IHDWXUHV�
IURP� ERWK� VSHFWUDO� DQG� VSDWLDO� GRPDLQV��:H� WHVWHG� WKLV�PHWKRG� LQ� WKH�0DQRD�
:DWHUVKHG�DORQJ�D�FRDVW�WR�PRXQWDLQ�JUDGLHQW� WKDW� LV�FKDUDFWHUL]HG�E\� D� ODUJH�
YDULHW\�RI�WUHH�VSHFLHV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�DFFXUDF\�RI�RXU�FODVVLILFDWLRQ�
PHWKRGRORJ\�LV�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKH�FRQYHQWLRQDO�SL[HO�EDVHG�PD[LPXP�
OLNHOLKRRG�FODVVLILHU��
7KLV�PHWKRGRORJ\�ZLOO�EH�H[WHQGHG�WR�PDS�$OEL]LD�IRU�WKH�ZKROH�VWDWH�RI�
+DZDLL�
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�� ,QIRUPDWLRQ�DQG�&RPSXWHU�7HFKQRORJ\�IRU�5HGXFLQJ�&OLPDWH�&KDQJH�
'LVDVWHU�5LVN��$GYDQFHV�LQ�&DUERQ�6HTXHVWUDWLRQ�

5RVV�3UL]]LD��3URIHVVRU�RI�3XEOLF�$GPLQLVWUDWLRQ�DW�8QLYHUVLW\�RI�+DZDLL�±�:HVW�
2DKX��SUL]]LD#KDZDLL�HGX�

-DVRQ�/HY\��3URIHVVRU�RI�3XEOLF�$GPLQLVWUDWLRQ�DW�8QLYHUVLW\�RI�+DZDLL�±�:HVW�
2DKX��MOHY\#KDZDLL�HGX�

$EVWUDFW��*OREDO�&OLPDWH�FKDQJH�LV�DQ�H[WUHPHO\�FRPSOH[��PXOWL�GLVFLSOLQDU\�
ILHOG�� WKHUH�DUH�PD\�EH�KXQGUHGV�RU�HYHQ�WKRXVDQGV�RI�FRQIOLFWLQJ�FULWHULD� WKDW�
PXVW� EH� FRQVLGHUHG�� LQFOXGLQJ� WDQJLEOH� IDFWRUV� �PRQHWDU\� FRVWV�� LQIUDVWUXFWXUH�
GDPDJH��HWF���LQWDQJLEOHV��VXFK�DV�VRFLR�SV\FKRORJLFDO�YDULDEOHV��DQG�JHRVSDWLDO�
YDULDEOHV��.LQJVWRQ�HW�DO���������DV�ZHOO�DV�GHPRJUDSKLF��HQHUJ\��WHFKQRORJLF�DQG�
FOLPDWLF�WUHQGV���7KLV�UHTXLUHV�WKH�XVH�RI�,QIRUPDWLRQ�DQG�&RPSXWHU�7HFKQRORJ\��
VSHFLILFDOO\�'HFLVLRQ�6XSSRUW�6\VWHPV��6SUDJXH���������LQ�RUGHU�WR�LQFRUSRUDWH�
WKH� GLYHUVH� LQWHUHVWV�� SULRULWLHV� DQG� YDOXHV� RI� DOO� VWDNHKROGHUV� LQFOXGLQJ�
DFFRXQWDELOLW\��SURILWDELOLW\��WUDQVSDUHQF\��HTXLW\��IDLUQHVV�DQG�HWKLFV��0RUDO�DQG�
HWKLFDO�YDOXHV�KHOG�E\�WKH�VWDNHKROGHUV�PD\�EH�DV�LPSRUWDQW�DV�WHFKQLFDO�LVVXHV��
SODFLQJ�KLJK�GHPDQGV�RQ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��+DZDLLDQ�VXVWDLQDELOLW\�
YDOXHV�LQFOXGLQJ�$XDPR�.XOHDQD��FROOHFWLYH�WUDQVIRUPDWLRQ�WKURXJK�LQGLYLGXDO�
H[FHOOHQFH�ދ��,NHދ�ƖLQD��NQRZOHGJH�OHDUQHG�IURP�FRQQHFWLRQ�WR�ODQG��DQG�$ORKD�
�ORYH�DQG�FRPPLWPHQW�WR�ODQG��DUH�XVHG�WR�GULYH�VXVWDLQDELOLW\�GHFLVLRQV��ƖLQDދ
LQ�+DZDLL��7KH�ILHOG�RI�0XOWLSOH�&ULWHULD�'HFLVLRQ�0DNLQJ��0&'0��LV�XVHG�WR�
H[DPLQH�WKH�HIIHFWLYHQHVV�RI�FDUERQ�VHTXHVWUDWLRQ�IRU��GLVDVWHU�ULVN�UHGXFWLRQ�DQG�
FOLPDWH�FKDQJH�SODQQLQJ�DQG�PDQDJHPHQW��0&'0�KDV�ORQJ�EHHQ�DSSOLHG�WR�WKH�
SODQQLQJ� DQG� PDQDJHPHQW� RI� FRPSOH[� VXVWDLQDELOLW\� SUREOHPV� LQYROYLQJ�
VWUDWHJLF� XQFHUWDLQW\� DW� WKH� ³ZLFNHG´� OHYHO� RI� GHFLVLRQ�PDNLQJ� �+LSHO�� ��������
0&'0�WHFKQLTXHV�DUH�ZLGHO\�XVHG�WR�LGHQWLI\�DOWHUQDWLYHV�WKDW�DUH�GRPLQDWHG�E\�
DW� OHDVW�RQH�RWKHU�DOWHUQDWLYH��+ZDQJ�DQG�<RRQ��������� �7KH� UDSLG�JURZWK�RI�
0&'0� IRU� FOLPDWH� FKDQJH� LVVXHV� LV� GXH� WR� D� QXPEHU� RI� IDFWRUV�� LQFOXGLQJ�
GLVVDWLVIDFWLRQ�ZLWK�FRQYHQWLRQDO�³VLQJOH�FULWHULRQ´�PHWKRGV�DQG�WKH�HPHUJHQFH�
RI� PRUH� SRZHUIXO� SURFHVVRUV� DQG� QHZ� VRIWZDUH� DQG� DOJRULWKPV�� $� UHDO�WLPH�
0&'0�'HFLVLRQ�6XSSRUW�6\VWHP��'66��DUFKLWHFWXUH�LV�SXW�IRUWK�WKDW�LQWHJUDWHV�
DGYDQFHV� LQ� 0&'0�� JHRHQJLQHHULQJ�� *,6�� FOLPDWH� FKDQJH� PRGHOV�� VSDWLDO�
VWDWLVWLFV�DQG�UHDO�WLPH�LQIRUPDWLRQ�V\VWHPV��:RUER\V�DQG�'XFNKDP��������IRU�
FOLPDWH�FKDQJH�LVVXHV�RQ�2DKX��+DZDLL��,W�LV�VKRZQ�WKDW�'66�DQG�0&'0�FDQ�
LPSURYH�VXVWDLQDEOH�FOLPDWH�FKDQJH�SODQQLQJ�DQG�PDQDJHPHQW�XQGHU�XQFHUWDLQW\�
E\�SURYLGLQJ�GDWD�GLVSOD\V��DQDO\WLFDO� UHVXOWV��DQG�PRGHO�RXWSXW� WR� VXPPDUL]H�
FULWLFDO�LQIRUPDWLRQ��3DUHWR�RSWLPDO�RSWLRQV�LQFOXGH�DGYDQFHV�LQ�ELRWHFKQRORJ\��
LQYHVWPHQW�LQ�VXVWDLQDELOLW\�HGXFDWLRQ�DQG�QRYHO�FRQVHUYDWLRQ�PHDVXUHV�DUH�SXW�
IRUWK� DQG� GLVFXVVHG�� � 7KHUH� KDYH� EHHQ� VHYHUDO�PDMRU� FRDVWDO� VWRUPV� WR� DIIHFW�
3DFLILF�LVODQGV�LQ�UHFHQW�GHFDGHV��+XUULFDQH�,QLNL��LQ�WKH�FHQWUDO�1RUWK�3DFLILF��
KLW� WKH� LVODQG�RI�.DXDL� LQ�+DZDLL� LQ� ������ OHDGLQJ� WR������ ELOOLRQ� LQ�SK\VLFDO�
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GDPDJHV� DQG�6XSHU�7\SKRRQ�3RQJVRQD� �LQ� WKH�ZHVWHUQ�1RUWK�3DFLILF�� FDXVHG�
�����PLOOLRQ�LQ�GDPDJHV�RQ�WKH�LVODQG�RI�*XDP�LQ�������7KH�VWURQJ�ZLQGV��KHDY\�
UDLQV�� DQG� VWRUP� VXUJH� WKDW� DFFRPSDQ\� WKHVH� H[WUHPH� FOLPDWLF� HYHQWV� SRVH� D�
GLUHFW� WKUHDW� WR� WKH� ZHOO�EHLQJ� RI� 3DFLILF� LVODQG� FRPPXQLWLHV�� ,Q�
SDUWLFXODUFOLPDWH�UHODWHG� VHD�OHYHO� ULVH� LV� DQ� RQJRLQJ� DQG� DFFHOHUDWLQJ�SURFHVV�
�ZLWK� WKHUPDO� H[SDQVLRQ� RI� WKH� XSSHU� RFHDQ� SRVLQJ� WKH� JUHDWHVW� LPPHGLDWH�
FKDOOHQJH��ZKLFK�PD\� FDXVH� FDWDVWURSKLF� LQXQGDWLRQ�� HURVLRQ� DQG� LQYROXQWDU\�
UHORFDWLRQ� LQ� VRPH� 3DFLILF� LVODQG� QDWLRQV�� )RU� H[DPSOH�� LQ� WKH� LVODQG� VWDWH� RI�
7XYDOX��D�ULQJ�RI�QLQH�3RO\QHVLDQ�LVODQGV��VHYHUDO�WKRXVDQG�SHRSOH�KDYH�DOUHDG\�
OHIW�IRU�RWKHU�QDWLRQV�DV�ULVLQJ�VHDV�GLVSODFHG�FRPPXQLWLHV�IURP�ORZ�O\LQJ�FRDVWDO�
DUHDV���
.H\ZRUGV�� ,QIRUPDWLRQ� DQG� FRPSXWHU� WHFKQRORJ\�� FOLPDWH� FKDQJH�� FDUERQ�
VHTXHVWUDWLRQ��GLVDVWHU�ULVN��
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�� 0DFKLQH�/HDUQLQJ�IRU�$OEL]LD�&ODVVLILFDWLRQ�DQG�0DQDJHPHQW��
$GYDQFHV�LQ�3LFWRPHWU\�DQG�$UWLILFLDO�,QWHOOLJHQFH�IRU�(VWLPDWLQJ�

WKH�(FRQRPLF�,PSDFWV�RI�'LVDVWHUV��

4LDQ�=KDQJ�8QLYHUVLW\�RI�+DZDLL��86$���-DVRQ�/HY\�8QLYHUVLW\�RI�+DZDLL��
86$���4L�&KHQ�8QLYHUVLW\�RI�+DZDLL��86$���-LP�-DFREL��86*6����

$EVWUDFW� 0DFKLQH� OHDUQLQJ� DOJRULWKPV� FRQVWLWXWH� VRSKLVWLFDWHG� DQG�
WUDQVIRUPDWLYH� WRROV� WKDW� KROG� WUHPHQGRXV� SURPLVH� IRU� FUHDWLQJ� SUHGLFWLYH�
HQYLURQPHQWDO� GDWD� GULYHQ� PRGHOV� WKDW� FDQ� FDSLWDOL]H� RQ� ODUJH� TXDQWLWLHV� RI�
PXOWLYDULDEOH�HQYLURQPHQWDO�GDWD�DQG�SURYLGH�YDOXDEOH� LQVLJKWV�IRU� WKH�UHJLRQDO�
VFLHQFHV��SDUWLFXODUO\�ZKHQ�LQWHJUDWHG�ZLWK�DQ�,QWHU�5HJLRQDO�,QSXW�2XWSXW��,5,2��
$QDO\VLV��7KH�VWDWH�RI�+DZDLL�LV�IDFHG�ZLWK�D�SRWHQWLDOO\�RYHUZKHOPLQJ�HFRQRPLF�
EXUGHQ� SRVHG� E\� WKH� LQYDVLYH� DQG� IDVW�JURZLQJ� )�� PROXFFDQD� �$OEL]LD��� )LUVW�
EURXJKW� WR� +DZDLL� IURP� ,QGRQHVLD� DSSUR[LPDWHO\� D� FHQWXU\� DJR�� WKH� WUHH�
FRQVWLWXWHV� D� URDGVLGH�� XUEDQ� IRUHVW� DQG� UHVLGHQWLDO� SHVW� RI� PDMRU� VLJQLILFDQFH�
DIIHFWLQJ� WUDQVSRUWDWLRQ�� FULWLFDO� LQIUDVWUXFWXUH�� DJULFXOWXUH�� QDWXUDO� UHVRXUFHV��
UHVLGHQFHV��EXVLQHVVHV�DQG�KXPDQ�KHDOWK��,Q�SDUWLFXODU��WKH�FDWDVWURSKLF�IDLOXUH�RI�
)��PROXFFDQD
V�PDVVLYH� OLPEV�FUHDWHV� OLIH�VDIHW\�KD]DUGV�LQ� UHVLGHQWLDO�DUHDV�E\�
EORFNLQJ� WKRURXJKIDUHV�� NQRFNLQJ� GRZQ� SRZHUOLQHV� DQG� GURSSLQJ� RQWR� FDUV��
KRPHV�� IHQFHV� DQG� EDFN\DUG� DUHDV�ZKHUH� FKLOGUHQ� SOD\��.H\� REMHFWLYHV� RI� WKLV�
DQDO\VLV�DUH�WR�XVH�PDFKLQH�OHDUQLQJ�DOJRULWKPV�WR�FODVVLI\�WKH�ORFDWLRQ�RI�WKHVH�
KD]DUGRXV�WUHHV�DQG�WR�DVVHVV�WKH�HFRQRPLF�LPSDFWV�RI�WKHVH�KD]DUGRXV�WUHHV��7KHUH�
H[LVWV�D�JURZLQJ�HFRV\VWHP�RI�IUDPHZRUNV�OLNH�3RVWUH64/��0DWODE��7HQVRU�)ORZ�
DQG�6FLNLW�/HDUQ�WKDW�SURYLGH�D�SODWIRUP�IRU�PDFKLQH�OHDUQLQJ�� ,W� LV�VKRZQ�WKDW�
REMHFW�EDVHG� FODVVLILFDWLRQ� FRPELQHG� ZLWK� PDFKLQH� OHDUQLQJ� DOJRULWKPV�
VLJQLILFDQWO\�LQFUHDVH�FODVVLILFDWLRQ�DFFXUDF\��2XU�RULJLQDO�DSSURDFK�LV�DSSOLHG�WR�
PDSSLQJ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�)��PROXFFDQD�RQ�.DXDL��2DKX�DQG�WKH�LVODQG�RI�
+DZDLL� �L�H�� �%LJ� ,VODQG��� LQ� WKH� +DZDLLDQ� DUFKLSHODJR�� ,W� LV� VKRZQ� WKDW� WKH�
SURSRVHG� PHWKRG� FRQVWLWXWHV� D� SURPLVLQJ� DSSURDFK� IRU� HVWLPDWLQJ� HFRQRPLF�
GDPDJHV� WR� WKH� HFRQRP\� RI� +DZDLL�� 7KH� LQYDVLYH� DOLHQ� $OEL]LD� �)DOFDWDULD�
PROXFFDQD��LV�D�YHU\�ODUJH��IDVW�JURZLQJ��QLWURJHQ�IL[LQJ�WUHH�LQ�WKH�OHJXPH�IDPLO\�
�)DEDFHDH���5HFRJQL]HG�DV�WKH�ZRUOG¶V�IDVWHVW�JURZLQJ�WUHH�VSHFLHV��PDWXUH�WUHHV�
FDQ�UHDFK�KHLJKWV�RYHU�����IHHW��ZLWK�WKH�FDQRS\�RI�D�VLQJOH�WUHH�H[WHQGLQJ�RYHU�D�
�������VTXDUH�IRRW�DUHD��)��PROXFFDQD�LQ�+DZDLL�FDQ�JURZ�DV�IDVW�DV�DQ�LQFK�GD\�
LQ� KHLJKW� �PRUH� WKDQ� D� IRRW� HYHU\� WZR� ZHHNV��� ,QGLYLGXDOV� UHDFK� UHSURGXFWLYH�
PDWXULW\�ZLWKLQ�IRXU�\HDUV�DQG�WKH\�SURGXFH�DEXQGDQW�VHHG��FRQWDLQHG�ZLWKLQ�VHHG�
SRGV�� WKDW�FDQ�EH�ZLQG�GLVSHUVHG�RYHU�VXEVWDQWLDO�GLVWDQFHV� �L�H��PRUH� WKDQ�����
IHHW���DOORZLQJ�WKH�WUHHV�WR�VSUHDG�UDSLGO\�RYHU�ODUJH�DUHDV��7KH�EURDG�XPEUHOOD�
VKDSHG�FDQRSLHV�RI�PXOWLSOH� WUHHV�FRPPRQO\�FRDOHVFH� WR�FRYHU�GR]HQV�RI�DFUHV�
�DQG�HYHQ�XS�WR�KXQGUHGV�RI�DFUHV���:LWK�QR�QDWXUDO�SUHGDWRUV�WR�FRQVWUDLQ�WKHP��
)��PROXFFDQD�SRSXODWLRQV�DUH�LQFUHDVLQJ�LQ�ERWK�VWDWXUH�DQG�DUHD��ZLWK�FRQFRPLWDQW�
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PDLQWHQDQFH�FRVWV�LQFUHDVLQJ�DQQXDOO\��7KH�WD[SD\HUV�DQG�FLWL]HQV�RI�+DZDLL�PD\�
EH� IDFHG� ZLWK� D� PDVVLYH� HFRQRPLF� EXUGHQ� SRVHG� E\� )�� PROXFFDQDZKLFK� DOVR�
FRQVWLWXWHV� D� URDGVLGH�� XUEDQ� IRUHVW� DQG� UHVLGHQWLDO� SHVW� RI� PDMRU� VLJQLILFDQFH��
,QGLYLGXDO� WUHHV� UDSLGO\� DQG� URXWLQHO\� UHDFK� KHLJKWV� RYHU� ���� IHHW� DQG� ODUJH�
EUDQFKHV�KDYH�EHHQ�UHFRUGHG�EUHDNLQJ�DQG�IDOOLQJ�GXH�WR�DJH��KLGGHQ�ZHDNQHVVHV�
ZKLFK�DUH�QRW�YLVXDOO\�REVHUYDEOH��WKH�ZRRG�LV�SURQH�WR�URW�DQG�LQVHFW�LQIHVWDWLRQ���
RU� ZHDWKHU� �KHDY\� UDLQ� DQG�PLQRU� ZLQG� JXVWV��� )��PROXFFDQD� DOVR� LV� SURQH� WR�
³VXGGHQ�OLPE�GURS´��ZKHUH�WKH�ZHDN�ZRRG�ZLOO�EUHDN�RII�DQG�IDOO�ZLWK�QR�DSSDUHQW�
GLVWXUEDQFH�� ,Q� DGGLWLRQ�� QDWXUDO� HYHQWV� VXFK� KXUULFDQHV� RU� VWRUPV� RIWHQ� FDXVH�
H[WUHPH�GDPDJH�WR�)��PROXFFDQD�VWDQGV�ZKLFK�LQ�WXUQ�FRQWULEXWH�WR�URDG�FORVXUHV��
HOHFWULFDO� RXWDJHV�� DQG� SURSHUW\� GDPDJH�� WKXV� H[DFHUEDWLQJ� SRVW�VWRUP� DQG�
KXUULFDQH� FOHDQXS� DQG� UHSDLU� ZRUN�� )RU� H[DPSOH�� DIWHU� 7URSLFDO� 6WRUP� ,VHOOH��
GR]HQV�RI�SHRSOH�ZHUH�WUDSSHG�DQG�VHYHUDO�KRPHV�FUXVKHG�E\�IDOOLQJ�)��PROXFFDQD�
ZKLFK�OHIW��������SHRSOH�ZLWKRXW�SRZHU��VRPH�IRU�ZHHNV��GXH�WR�GRZQHG�SRZHU�
OLQHV�DQG�SRZHU�SROHV��+(/&2�HVWLPDWHV�WKDW�LW�VSHQW����0�UHVSRQGLQJ�WR�GDPDJH�
IURP� ,VHOOH�� DQG�KDV�VSHQW� DGGLWLRQDO�PLOOLRQV� RI�GROODUV� LQ� UHSDLUV�RI� OLQHV� DQG�
SROHV�DIWHU�KLJK�ZLQG�HYHQWV�LQ�WKH�ODVW�IHZ�\HDUV��
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������ +RZ�WR�.HHS�<RXU�6\VWHPV�5HFRUGV�6DIH�

0HPRRQD6DPL��6DQLD%KDWWL��-XQDLG%DORFK��6KHKUDP6KDK��
'HSDUWPHQW�RI�6RIWZDUH�(QJLQHHULQJ�D�0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�

7HFKQRORJ\��-DPVKRUR��3DNLVWDQ�
PHPRRQD�VDPL#IDFXOW\�PXHW�HGX�SN��VDQLD�EKDWWL#IDFXOW\�PXHW�HGX�SN��
MXQDLG�EDORFK#IDFXOW\�PXHW�HGX�SN��VKHKUDP�VKDK#IDFXOW\�PXHW�HGX�SN�

$EVWUDFW��7KH�VXFFHVV�RI�DQ�LQVWLWXWLRQ�GHSHQGV�RQ�LWV�DELOLW\�WR�DFTXLUH�DFFXUDWH�DQG�
WLPHO\�GDWD�DERXW� LWV�RSHUDWLRQV�� WR�PDQDJH�DQG�XVH�WKLV�GDWD�HIIHFWLYHO\��&RPSXWHU�
ODERUDWRU\�UHFRUG�PDQDJHPHQW�SOD\V�D�YLWDO�UROH�LQ�WKH�RUJDQL]DWLRQ�DQG�PDLQWHQDQFH�
RI�FRPSXWHUV�LQ�DQ�LQVWLWXWLRQ��,Q�H[LVWLQJ�V\VWHP�RI�0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�
DQG�7HFKQRORJ\��-DPVKRUR�ODE�DVVLVWDQWV�DUH�UHVSRQVLEOH�WR�YLHZ�WKH�FXUUHQW�VWDWXV�DQG�
FRQILJXUDWLRQ�RI� LQGLYLGXDO�FRPSXWHUV� LQ�/$1�EDVHG�FRPSXWHU� ODEV��7KH�RWKHU�DQG�
YHU\�LPSRUWDQW�SUREOHP�ZKLFK�ODE�DVVLVWDQWV�IDFH�LV�WKDW�WKH\�GRQ¶W�NQRZ�DXWRPDWLFDOO\�
ZKLFK�KDUGZDUH�DQG�VRIWZDUH�FKDQJHV�DUH�EHLQJ�GRQH�RQ�DQ\�V\VWHP��,Q�WKLV�SDSHU�D�
&RPSXWHU�/DERUDWRU\�5HFRUG�0DQDJHPHQW�6\VWHP� �&/506�� LV� SURSRVHG� WR� DYRLG�
VXFK� NLQG� RI� SUREOHPV��&/506� LV� D� QHWZRUN� EDVHG� 6RIWZDUH�ZKLFK� DXWRPDWLFDOO\�
NHHSV�DOO�WKH�LQIRUPDWLRQ�RI�V\VWHP�LQFOXGLQJ�KDUGZDUH�DQG�VRIWZDUH��7KLV�VRIWZDUH�
VHFXUHV� WKH� UHFRUGV� RI� V\VWHP� FRQILJXUDWLRQ� IRU� IXWXUH� LQIRUPDWLRQ� UHSRUWLQJ�� XVHU�
PDQDJHPHQW� DQG� VHFXULW\� PDQDJHPHQW�� ,W� DOVR� XSGDWHV� V\VWHP� GDWDEDVH� LI� DQ\�
KDUGZDUH� LV� UHPRYHG� RU� DQ\� VRIWZDUH� FKDQJHV� RFFXU� YLD� DXWRPDWLFDOO\� UHWULHYDO�
PHWKRG��&/506�LQWHUIDFHV�DUH�HDVLO\�XQGHUVWDQGDEOH�KHQFH�XVHU�IULHQGO\��,W�JHQHUDWHV�
UHSRUWV�IRU�ERWK�VRIWZDUH�DQG�KDUGZDUH��,W�VKRZV�FRPSOHWH�VWUXFWXUHG�FRQILJXUDWLRQ�RI�
D�FRPSXWHU��,W�ZLOO�NHHS�UHFRUGV�WKDW�ZKLFK�W\SH�RI�XVHU�ZDV�ORJ�RQ�WKH�V\VWHP�DQG�
ZKDW� WDVNV� KH� KDV� SHUIRUPHG� OLNH� LQVWDOODWLRQ� LQIRUPDWLRQ� RI� VRIWZDUH�� XSGDWHV� RI�
VRIWZDUH��YHUVLRQ�DQG�YHQGRU�LQIRUPDWLRQ������

.H\ZRUGV��KDUGZDUH��VRIWZDUH��LQIRUPDWLRQ���1(7��64/��FRQILJXUDWLRQ�PDQDJHPHQW��
FRPSXWHU�ODE��V\VWHP��VHFXULW\��UHFRUGV��50,�
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�������� ([SHFWHG�5HVLGXDO�/LIHWLPH�%DVHG�$G�+RF�2QGHPDQG�0XOWLSDWK�
5RXWLQJ�SURWRFRO��(5/$20'9��LQ�0RELOH�$G�+RF�1HWZRUNV�

'U��$QXUDGKD�%DQHUMHH��6KLUVKDGLSWD�&KRZGKXU\��
'HSW��RI�&RPSXWHU�$SSOLFDWLRQV��.DO\DQL�*RYW�(QJJ��&ROOHJH��,QGLD��

DQXUDGKD��EQ#JPDLO�FRP��VKLUVKDGLSWD#JPDLO�FRP�

$EVWUDFW��1RGHV�LQ�DG�KRF�QHWZRUNV�KDYH�OLPLWHG�EDWWHU\�SRZHU��6R��LW�LV�FUXFLDO�
WR�VDYH�HQHUJ\�LQ�WKLV�NLQG�RI�QHWZRUNV��$PRQJ�YDULRXV�PXOWLSDWK�SURWRFROV��$G�
KRF� 2QGHPDQG� 0XOWLSDWK� 'LVWDQFH� 9HFWRU� �$20'9�� URXWLQJ� DOJRULWKP� LV� D�
VWDQGDUG� RQH��$PRQJ� WKH� UHFHQW� DGYDQFHPHQWV� WR� $20'9��005(�$20'9�
�0LQLPDO�0D[LPDO�1RGDO�5HVLGXDO�(QHUJ\�±�$20'9��LV�VWDWH�RIWKH�DUW�IURP�WKH�
SHUVSHFWLYH�RI�HQHUJ\�HIILFLHQF\��,Q�WKLV�DUWLFOH��ZH�SURSRVH�(5/�$20'9�ZKLFK�
LQYHVWLJDWHV� GHHSHU� WKDQ� UHVLGXDO� HQHUJ\� RI� QRGHV��:KDW� LW� HPSKDVL]HV� LV� WKDW�
H[SHFWHG� UHVLGXDO� OLIHWLPH� RI� QRGHV� DQG� DSSUR[LPDWH� FRPSOHWLRQ� WLPH� RI� D�
FRPPXQLFDWLRQ�VHVVLRQ�DUH�LPSRUWDQW�WR�HOHFW�RSWLPXP�URXWHV��)LUVW�WKUHH�RSWLPXP�
URXWHV�DUH�XVHG�IRU�WUDQVIHUULQJ�GDWD�SDFNHWV��6LPXODWLRQV�UHVXOWV�VKRZ�WKDW�(5/�
$20'9� SHUIRUPV� VLJQLILFDQWO\� EHWWHU� WKDQ� RUGLQDU\� $20'9� DQG� 005(�
$20'9�����

.H\ZRUGV��$G�KRF�QHWZRUNV��$20'9��(QHUJ\�(IILFLHQF\�� ([SHFWHG�5HVLGXDO�
/LIHWLPH��0XOWLSDWK��
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�������� $QDO\VLV�RI�&RROLQJ�3HUIRUPDQFH�RI�$XWRPRELOH�5DGLDWRU�8VLQJ�
QDQR����IOXLG�

$O�2��DQG�ZDWHU�

5XSHVK�*XSWD��0DQPRKDQ�6LQJK��0DQLVK�6LQJOD��0DKHHS�VLQJK��6KHLIDOL�*XSWD��
(VKLWD�6KDUPD��

&KLWNDUD�8QLYHUVLW\��3XQMDE��,QGLD�
UXSHVK�JXSWD#FKLWNDUD�HGX�LQ��UDYLVXPDQ���#JPDLO�FRP��

PDQLVKVLQJOD����#JPDLO�FRP��PDKHHS�VLQJK��#JPDLO�FRP����
VKHLIDOL�JXSWD#FKLWNDUD�HGX�LQ��HVKLWDVKDUPD����#JPDLO�FRP����������

$EVWUDFW��7KLV�SDSHU�DLPV�WR�LQFUHDVH�WKH�KHDW�WUDQVIHU�UDWH�RI�WKH�FRRODQW�ZLWK�WKH�
KHOS�RI�QDQR�SDUWLFOHV��$O�2����,W�IXUWKHU�LQFUHDVHG�WKH�HIILFLHQF\�RI�WKH�UDGLDWRU��
FRRODQW�	�WKH�HQJLQH��7KH�EHVW�SURSRUWLRQ�RI�IORZ�UDWH�DQG�FRQFHQWUDWLRQ�RI�QDQR��
SDUWLFOHV� �$O�2���KDYH�EHHQ�DFKLHYHG� WR�PD[LPL]H� WKH�KHDW� WUDQVIHU� UDWH�RI� WKH�
FRRODQW�� 7KH� SURSRVHG�PRGHO� RI� UDGLDWRU� WHVW� ULJ� FRQVLVWV� RI� UDGLDWRU� �����FF��
HQFORVHG�LQ�D�GXFW�RI�*,�VKHHW�RI����JDXJH��$�FHQWULIXJDO�SXPS�ZDV�XVHG�IRU�WKH�
FLUFXODWLRQ� RI� QDQR�IOXLG� LQ� WKH� UDGLDWRU� WXEHV�� 37����� VHQVRUV� ZHUH� XVHG� IRU�
FKHFNLQJ�WKH�WHPSHUDWXUH�DW�GLIIHUHQW�SRLQWV�RI�WKH�UDGLDWRU�LQ�WKH�UDGLDWRU�WHVW�ULJ�
	�D�ODERUDWRU\�WKHUPRPHWHU�ZDV�HPSOR\HG�IRU�FKHFNLQJ�WKH�FRRODQW�WHPSHUDWXUH�
LQ�WKH�UHVHUYRLU��7KH�FRRODQW�DQG�WKH�QDQRSDUWLFOHV�ZHUH�ZHOO�VWLUUHG�ZLWK�WKH�KHOS�
RI�DQ�DJLWDWRU��KDQG�JULQGHU��WR�PDNH�D�KRPRJHQHRXV�PL[WXUH��7KH�FRRODQW�ZKHQ�
FLUFXODWHG�DW�GLIIHUHQW�IORZ�UDWHV�DQG�FRQFHQWUDWLRQ�WKURXJK�WKH�UDGLDWRU�WXEHV��WKH�
PD[� KHDW� WUDQVIHU� UDWH� ZDV� REWDLQHG� DW� D� IORZ� UDWH� RI� �OW�PLQ� 	� ������
FRQFHQWUDWLRQ�RI�$O�2��
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����� 62/$5�%$6('�&21752//(5�'(6,*1,1*�)25�67$57,1*�	�
63(('�

&21752/�2)�,1'8&7,21�02725�

0XKDPPDG�)DUUXNK��0DLUDM�4D]L��$DPLU�$OL�/DNKR��0XKDPPDG�5DILTXH�$EUR��
%KDZDQL�6KDQNDU�&KRZGKU\��

'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��,65$�8QLYHUVLW\��+\GHUDEDG��3DNLVWDQ��
'HSDUWPHQW�RI�(OHFWURQLFV�(QJLQHHULQJ��0HKUDQ�8(7��-DPVKRUR��3DNLVWDQ��

'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��6ZHGLVK�&ROOHJH�RI�(QJLQHHULQJ��5<.��
3DNLVWDQ���

PXKDPPDG�IDUUXNK#LVUD�HGX�SN��PDLUDMTD]L#JPDLO�FRP��
DKXVVDLQODNKR#JPDLO�FRP��UDILTBDEUR#\DKRR�FRP��EVFBLWPDQ#\DKRR�FRP�

$EVWUDFW�7KLV�SDSHU�GHVFULEHV�WKH�LPSOHPHQWDWLRQ�RI�6RODU�%DVHG�&RQWUROOHU�ZKLFK�LV�
GHVLJQHG�WR�FRQWURO�WKH�VWDUWLQJ��LQ�UXVK��FXUUHQW�DQG�VSHHG�RI�,QGXFWLRQ�0RWRU��7KH�
PRWRU� LQ� VWDUWLQJ� FDXVHV� ,�5� ORVVHV� GXH� WR� KHDY\� VWDUWLQJ� �LQUXVK�� FXUUHQW� WKDW�ZLOO�
RYHUKHDW�WKH�PRWRU�DQG�DOVR�PD\�GDPDJH�WKH�PRWRU�ZLQGLQJV��'HVSLWH�WKH�IDFW��PDQ\�
FRXQWULHV�DUH�FXUUHQWO\� IDFLQJ� WKH�WKUHDWHQLQJ�SUREOHPV�RI� ORDG�VKHGGLQJ�EHFDXVH�RI�
IOXFWXDWLRQ� RI� RLO� SULFHV�� IDXOW\� GLVWULEXWLRQ� V\VWHP�� DJLQJ� RI� HTXLSPHQW�� DQG�
PLVPDQDJHPHQW�RI�UHVRXUFHV��HFRQRPLF�	�SROLWLFDO�,QVWDELOLW\�HWF��7KLV�LVVXH�KDV�EHHQ�
YHU\�GHYDVWDWLQJ�IRU�WKH�QDWLRQDO�HFRQRP\�DV�WKH�LQGXVWULHV�DUH�EHLQJ�DGYHUVHO\�DIIHFWHG�
GXH�WR�WKLV�GUDVWLF�VKRUW�IDOO��$FFRUGLQJO\��LQ�WKLV�GHVLJQ�ZH�KDYH�XVHG�VRODU�HQHUJ\�WR�
IHHG�RXU�V\VWHP�	�VWDUWLQJ��LQ�UXVK��FXUUHQW�LV�FRQWUROOHG�E\�XVLQJ�6WDU�'HOWD�WHFKQLTXH��
,Q�6WDU�'HOWD� WHFKQLTXH�� ILUVW�PRWRU�ZLOO� UXQ� LQ� VWDU� FRQQHFWLRQ�	� WKHQ� LQ� GHOWD� DQG�
RYHUDOO�SURFHVV�RI��VZLWFKLQJ�LV�GRQH�WKURXJK�3/&��6�������WKH�OLQH�FXUUHQW�GUDZQ�ZLWK�
VWDU�FRQQHFWLRQ�LQLWLDOO\�LV�GHFUHDVHG�WR�RQH��WKLUG�RI�VWDUWLQJ�FXUUHQW�DV�FRPSDUHG�ZLWK�
WKH� ZLQGLQJV� OLQNHG� GLUHFWO\� LQ� GHOWD�� 6SHHG� RI� PRWRU� LV� FRQWUROOHG� E\� DOWHULQJ� WKH�
DSSOLHG� IUHTXHQF\� DQG� YROWDJH� IURP� LQYHUWHU� WR� PDLQWDLQ� GLIIHUHQW� ORDGV�� 7KH� FRVW�
HIIHFWLYH�	�UREXVW�V\VWHP�GHVLJQHG�ZDV�VXFFHVVIXOO\�H[SHULPHQWHG�VR�DV�WR�LPSOHPHQW�
LW�LQ�LQGXVWULHV�ZKHUH�PRWRUV�DUH�ZLGHO\�RSHUDWHG�OLNH��&RDOPLQHV��&KHPLFDO��7H[WLOH��
&HPHQW��6XJDU�PLOOV��HWF�����

.H\ZRUGV��,QGXFWLRQ�PRWRU��6WDU�'HOWD�&RQWUROOHU��6RODU�SDQHO��,QYHUWHU��3/&�6������
ODGGHU�ORJLF�����



Ϯϯ�ͮ�W Ă Ő Ğ

������� $QDO\VLV�RI�&RROLQJ�3HUIRUPDQFH�RI�$XWRPRELOH�5DGLDWRU�8VLQJ�1DQR�
IOXLG�7L2��DQG�ZDWHU�

5XSHVK�*XSWD��0DQPRKDQ�6LQJK��0DQLVK�6LQJOD��0DKHHS�6LQJK��6KHLIDOL�*XSWD��
&KLWNDUD�8QLYHUVLW\��3XQMDE��,QGLD��

UXSHVK�JXSWD#FKLWNDUD�HGX�LQ��UDYLVXPDQ���#JPDLO�FRP��
PDQLVKVLQJOD����#JPDLO�FRP��PDKHHS�VLQJK��#JPDLO�FRP��

VKHLIDOL�JXSWD#FKLWNDUD�HGX�LQ�

$%675$&7��7KH�PDLQ�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�DQDO\VH�WKH�KHDW�FDUU\LQJ�FDSDFLW\�
RI�WKH�FRRODQW�XVHG�LQ�WKH�UDGLDWRU�RI�DQ�DXWRPRELOH�E\�XVLQJ�1DQR�SDUWLFOH�WLWDQLXP�
R[LGH��7LR����7KH�KHDW�FDUU\LQJ�FDSDFLW\�RI�WKH�FRRODQW�FDQ�EH�LQFUHDVHG�DV�FRPSDUHG�
WR�WKDW�RI�FRQYHQWLRQDO�FRRODQW��ZDWHU��E\�DGGLQJ�7LR��DV�D�FRRODQW�>�@��7KH�H[SHULPHQW�
ZDV� FRQGXFWHG� E\� YDU\LQJ� WKH� FRQFHQWUDWLRQV� RI� WKH�1DQR�SDUWLFOH7L2�� LQ�ZDWHU� DW�
WKUHH�GLIIHUHQW�IORZ�UDWHV��7KH�FRQFHQWUDWLRQ�RI�WKH�7L2��YDULHV�IURP������WR������DQG�
WKH�IORZ� UDWH�RI� WKH�1DQR�FRRODQW�KDV�EHHQ�NHSW� LQ�EHWZHHQ��OW�PLQ� WR��OW�PLQ��7KH�
REVHUYDWLRQV�ZHUH�PDGH�ZLWKLQ�D�WHPSHUDWXUH�UDQJH�RI���RF�±���RF�WR�DQDO\]H�WKH�HIIHFW�
RI�IOXLG�LQOHW�WHPSHUDWXUH�RQ�WKH�KHDW�WUDQVIHU�FRHIILFLHQW��7KH�WHVW�ULJ�FRQVLVW�RI�UDGLDWRU�
RI�FDSDFLW\�����FF��GXFWV�PDGH�XS�RI�*DOYDQL]HG�LURQ�VKHHW�RI�WKLFNQHVV����JDXJH��D�
SXPS�HPSOR\HG�IRU�WKH�FRQWLQXRXV�FLUFXODWLRQ�RI�WKH�FRRODQW����WHPSHUDWXUH�VHQVRUV>�@�
WR�FKHFN�WHPSHUDWXUH�DW�GLIIHUHQW�VHFWLRQ�RI�WKH�UDGLDWRU�LQOHW��RXWOHW��ZDOO��L�H��IURQW�
VLGH�ZDOO��L�H��UHDU�VLGH���D�KDQG�EOHQGHU�XVHG�IRU�PL[LQJ�RI�1DQR�SDUWLFOHV�ZLWK�ZDWHU�
DQG�DQ� LPPHUVLRQ�URG�WR�LQFUHDVH�WKH�WHPSHUDWXUH�RI� WKH�FRRODQW� WR����F���7KH�EHVW�
UHVXOWV�ZHUH� REWDLQHG�ZKHQ� WKH� FRRODQW�ZDV� FLUFXODWHG� DW� IORZ� UDWH� RI� ���OW�PLQ� DW�
�����YROXPH�FRQFHQWUDWLRQ�RI�7L2��LQ�ZDWHU����

.H\ZRUGV�� +HDW� WUDQVIHU� FRHIILFLHQW�� 1DQR�IOXLG�� &RQYHFWLRQ�� FRQGXFWLRQ�� QXVVHOW�
QXPEHU��DQG�5H\QROGV�QXPEHU��
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������� 9ROWDJH�6RXUFH�,QYHUWHU�EDVHG�6WDWLF�&RPSHQVDWRU�IRU�&XUUHQW�
+DUPRQLF�

0LWLJDWLRQ�DQG��3RZHU�)DFWRU�,PSURYHPHQW�RI�7KUHH�SKDVH�6L[�3XOVH�
&RQYHUWHUV�

�0DQVRRU�$KPHG�6RRPUR��6KRDLE�$KPHG�'D\R��$PLU�0DKPRRG�6RRPUR�
�'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��08(7��6LQGK��3DNLVWDQ��

��'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��,65$�8QLYHUVLW\��6LQGK��3DNLVWDQ��

$EVWUDFW��(OHFWULFDO�SRZHU�V\VWHP�FRQVLVWV�RI�PDMRULW\�RI�LQGXFWLYH�ORDGV��1RZDGD\V��
HOHFWULFDO� LQGXVWU\� GHDOV� ZLWK� SRZHU� HOHFWURQLFV� EDVHG� GHYLFHV� ZKLFK� FDQ� SURGXFH�
VXIILFLHQW�UHDFWLYH�SRZHU��7UDQVIRUPHUV�DQG�PRWRUV�DUH�XVHG�LQ�DFFHVV�WR�SRZHU�V\VWHP�
IRU�ZRUNLQJ�ZKLFK�PDNHV�SKDVH�GLIIHUHQFH�EHWZHHQ�HOHFWULFDO�YDULDEOHV��YROWDJH�DQG�
FXUUHQW��ZKLFK� UHVXOWV� LQ� EHKDYLQJ� WKH� V\VWHP� SRZHU� IDFWRU� OHVV� WKDQ� XQLW\�� 3RZHU�
HOHFWURQLF�FRQYHUWHUV�VXFK�DV� �*72��,*%7��026)(7��DQG�DOVR�H[FHVVLYHO\�XVHG�LQ�
YDULRXV�QRQ�OLQHDU�GHYLFHV�VXFK�DV�HOHFWULF�DUF�IXUQDFH�DQG�WKHUHIRUH�UHVXOWV�LQ�WKH�SRRU�
TXDOLW\�RI�SRZHU�VXSSO\�>�@��(OHFWULF�DUF�IXUQDFHV�RSHUDWLRQ�SURGXFHV�YROWDJH�IOLFNHU�
DQG�KDUPRQLFV�NQRZQ�DV�IXQGDPHQWDO�SUREOHPV�UHODWHG�WR�TXDOLW\�RI�SRZHU�VXSSO\��7KH�
SXUSRVH�RI�WKH�SRZHU�TXDOLW\�LV�WR�PDLQWDLQ�WKH�HOHFWULFDO�ZDYH�VKDSH�RI�JULG�V\VWHP�
YROWDJH�EXV�DW�UDWHG�PDJQLWXGH�RI�YROWDJH�DQG�IUHTXHQF\��(OHFWULFDO�DUF�IXUQDFH�LV�IHG�
E\�$&�VXSSO\�V\VWHP�HLWKHU�VLQJOH�SKDVH�RU�WKUHH�SKDVH�V\VWHP�ZLWK�KLJK�PDJQLWXGH��
$UF�LV�SURGXFHG�IURP�HOHFWURGHV�E\�D�KLJK�FXUUHQW�ZKLFK�JHQHUDWH�WKH�KHDW�XS�WR�WKH�
WHPSHUDWXUH� LI� ����¶&� XVHG� IRU� PHOWLQJ� DQG� UHILQLQJ� SXUSRVH�� $UF� IXUQDFHV� KDYH�
WLPHYDU\LQJ�FKDUDFWHULVWLFV�ZLWK�DFWLYH�DQG�UHDFWLYH�SRZHU�IOXFWXDWLQJ�FRQVXPSWLRQV��
$UF�IXUQDFHV�FRQVXPHV�PRUH�HOHFWULFDO�FXUUHQW�ZKHQ�YROWDJH�LV�GHFUHDVHG�LQ�RUGHU�WR�
PDLQWDLQ�WKH�VDPH�WRUTXH��WKDW¶V�ZK\�LQSXW�SRZHU�WR�WKH�IXUQDFH�LV�H[SRVHG�WR�VHQVLWLYH�
YROWDJH�YDULDWLRQV�>���@���0RVW�RI�WKH�LQGXFWLYH�ORDGV�LQ�WKH�ORZ�YROWDJH�$&�V\VWHP�XVH�
VLQJOH�SKDVH� UHFWLILHU� RU� WKUHH�SKDVH� UHFWLILHUV�� 7KHVH� FRQYHUWHUV� KDYH� QRQ�OLQHDU�
FKDUDFWHULVWLFV��YROWDJH�DQG�FXUUHQW�DUH�QRW�LQ�SKDVH��JLYH�GDQJHURXV�HIIHFWV�RQ�LQSXW�
RI�XWLOLW\�PDLQV� DQG�DOVR�RQ� ORDG�VLGH��$SDUW� IURP� DUF� IXUQDFHV�� WKH�KLJK�IUHTXHQF\�
VZLWFKLQJ�FRQYHUWHUV�DUH�XVHG�LQ�ZLQG�HQHUJ\�JHQHUDWLRQ� LQ� FRPSOLDQFH�ZLWK�SRZHU�
TXDOLW\�VWDQGDUGV��6LQFH��ZLQG�SRZHU�LV�EDVHG�RQ�$&�SRZHU��WKHUHIRUH�LW�LV�YXOQHUDEOH�
WR�YDULDWLRQ�LQ�VXSSO\�IUHTXHQF\��$V�D�PDWWHU�RI�IDFW��WKH\�FDQ�LQMHFW�KDUPRQLFV�WR�WKH�
JULG�VLGH�FUHDWLQJ�PDMRU�SRZHU�TXDOLW\�LVVXHV�>�@�����������������
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����� 6LJQ�/DQJXDJH�H�/HDUQLQJ�V\VWHP�IRU�KHDULQJ�LPSDLUHG�FRPPXQLW\�RI�
3DNLVWDQ�

$PLULWD�'HZDQL���6DQLD�%KDWWL���0RKVLQ�$OL�0HPRQ��:DMLKD�$UDLQ�$ULI���4XUDWXODLQ�
$UDLQ��6D\\LG�%DWRRO�=HKUD��

'HSDUWPHQW�RI�6RIWZDUH�(QJLQHHULQJ��08(7��-DPVKRUR�
DPLULWD#IDFXOW\�PXHW�HGX�SN��VDQLD�EKDWWL#IDFXOW\�PXHW�HGX�SN��
PRKVLQ�PHPRQ#IDFXOW\�PXHW�HGX�SN��ML\DBDVK�X#\DKRR�FRP��
DQQLBH\HBFRROQHVV#KRWPDLO�FRP��VD\\LGB]HKUD#\DKRR�FRP�

$EVWUDFW��$Q�LQFUHDVLQJ�QXPEHU�RI�UDWLRV�LQ�LOOQHVV�DQG�LQMXULHV�KDV�OHDG�WR�LQFUHDVH�LQ�
WKH�QXPEHU�RI�GLVDEOHG�SHRSOH�DW� WKH�HDUO\�DJH�RI�ELUWK��,Q�WKLV�ZRUN�ZH�SUHVHQWHG�D�
ZHE�EDVHG�H�OHDUQLQJ�V\VWHP�WKDW�LV�FRPSOHWHO\�FRQFHUQHG�ZLWK�WKH�VLJQ�ODQJXDJH��,Q�
3DNLVWDQ��WKHUH�LV�D�VFDUFLW\�RI�VLJQ�ODQJXDJH�UHVRXUFHV�DYDLODEOH�WR�DVVLVW�GHDI�FKLOGUHQ�
LQ� VWUHQJWKHQLQJ� WKH� ODQJXDJH� VNLOOV� QHFHVVDU\� IRU� DFDGHPLF� DGYDQFHPHQW�� 7KXV��
H/HDUQLQJ�IRU�KHDULQJ�LPSDLUHG�SHRSOH�LV�DQ�DSSOLFDWLRQ�GHYHORSHG�QRW�RQO\�IRU�GHDI�
FKLOGUHQ�EXW�DOVR�IRU�QRUPDO�SHRSOH�WR�FRPPXQLFDWH�ZLWK�WKH�GHDI�SHRSOH��,W�LV�D�ZHE�
EDVHG� DSSOLFDWLRQ� IRFXVLQJ� RQ� VLJQ� ODQJXDJH� RI� 3DNLVWDQ� ZKLFK� DOORZV� QRQYRFDO�
LQIRUPDWLRQ�H[FKDQJH��7KH�SXUSRVH�RI�WKLV�UHVHDUFK�ZRUN�LV�WZRIROG��)LUVW�LV�WR�SURYLGH�
DQ� H�OHDUQLQJ� V\VWHP� IRU� HGXFDWLQJ� VLJQ� ODQJXDJH� WR� GHDI�KDUG�RI�KHDULQJ� SHRSOH� RI�
3DNLVWDQ��6HFRQGO\�� WR�GHYHORS�D� WH[W� WUDQVODWLRQ�V\VWHP� WR� WUDQVODWH�(QJOLVK� LQWR� LWV�
HTXLYDOHQW� 3DNLVWDQL� VLJQ� ODQJXDJH� JHVWXUHV� LQ� RUGHU� WR� RYHUFRPH� FRPPXQLFDWLRQ�
EDUULHUV��7KH�V\VWHP�DOVR�FRQWDLQV�IHHGEDFN�IRU�LPSURYLQJ�WKH�TXDOLW\�RI�DSSOLFDWLRQ�E\�
WDNLQJ� VXJJHVWLRQV� IURP� QRUPDO� DQG� GLVDEOH� SHRSOH�� 7KH� SURSRVHG� DSSOLFDWLRQ� LV�
GLVWULEXWHG� LQ�PRGXODU�FOLHQW�VHUYHU�HQWLWLHV�� WKH�IUDPHZRUN�LV�VSHFLDOO\�GHVLJQHG�IRU�
SDUHQWV�WR�HGLI\�WKHLU�FKLOGUHQ�WKH�LQGLVSHQVDEOH�FRPPXQLFDWLRQ�VNLOOV��:H�EHOLHYH�WKDW�
SURSHU� FRPPXQLFDWLRQ� OD\V� WKH� IRXQGDWLRQ� IRU� DFFHOHUDWHG� OHDUQLQJ� DQG� UHGXFHG�
IUXVWUDWLRQ����

.H\ZRUGV��,PSDLUHG��'HDI��3DNLVWDQ�6LJQ�/DQJXDJH��H�OHDUQLQJ��'LVDEOH����
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��� (OHFWULFDO�,PSHGDQFH�3OHWK\VPRJUDSK\�%DVHG�7HOHPHWU\�6\VWHP�8VHG�
WR�'HWHFW�

WKH�3XOVH�5DWH�IURP�WKH�5DGLDO�$UWHU\�

=LD�0RK\�8G�'LQ��.LP�-HH�+\XQ��%KDZDQL�6KDQNDU�&KRZGKU\��-LQ�+R�&KR�
%LRPHGLFDO�(QJLQHHULQJ�'HSDUWPHQW��6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�

7HFKQRORJ\��.DUDFKL��3DNLVWDQ��
6FKRRO�RI�(OHFWURQLF�(QJLQHHULQJ��&ROODJH�RI�,7��.\XQJ3RRN�1DWLRQDO�8QLYHUVLW\�

6RXWK�.RUHD��
(OHFWULFDO��(OHFWURQLFV�DQG�&RPSXWHU�(QJLQHHULQJ��0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�

	�7HFKQRORJ\��-DPVKRUR��3DNLVWDQ�

$EVWUDFW��(OHFWULFDO�,PSHGDQFH�3OHWK\VPRJUDSK\��(,3��LV�D�WHFKQLTXH�WKDW�FDQ�EH�XVHG�
WR�GHWHFW�WKH�SXOVH�UDWH�RI�WKH�KHDUW�IURP�WKH�ZULVW��6SHFLDOL]HG�WUDLQLQJ�LV�UHTXLUHG�IRU�
WKH�H[DFW�SODFHPHQW�RI�HOHFWURGHV� WR�DFTXLUH� WKH�(&*�VLJQDO��7KH�DGYDQWDJH�RI� WKLV�
WHFKQLTXH�RYHU�(&*�LV�WKDW�WKH�SXOVH�UDWH�FDQ�EH�DFTXLUHG�XVLQJ�RQO\�RQH�KDQG��2QH�RI�
WKH�LPSRUWDQW�DVSHFWV�RI�(,3�LV�WKH�VL]H��LQWHU�GLVWDQFH��DQG�SODFHPHQW�RI�WKH�HOHFWURGHV��
7KLV�UHVHDUFK�LQYHVWLJDWHG�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�D�V\VWHP�ZKLFK�FRXOG�EH�
XVHG�WR�GHWHFW�WKH�SXOVH�UDWH�IURP�WKH�ZULVW�RI�D�KDQG��,W�DOVR�VKRZV�WKH�LPSOHPHQWDWLRQ�
RI� WKH� ORZ�SRZHU�ZLUHOHVV� WHOHPHWU\� V\VWHP�XVHG� WR� WUDQVPLW� WKH�(,3�VLJQDOV� WR� WKH�
FRPSXWHU��7KH�SURSRVHG�V\VWHP�LQMHFWHG�D�FXUUHQW�RI������$�WKURXJK�WKH�ZULVW��ZKLFK�
ZDV�OHVVHU�WKDQ�WKDW�RI�RWKHUV�V\VWHPV�����

.H\ZRUGV���(OHFWULFDO�,PSHGDQFH��:ULVW��+HDUW�UDWH��7HOHPHWU\�



Ϯϳ�ͮ�W Ă Ő Ğ

��� ,PSDFW�RI�(WK\OHQH�*O\FRO�RQ�)UDFWLRQDOL]HG�0LFURSRODU�1DQRIOXLG�
RYHU�2VFLOODWLQJ�3ODWH�YLD�&DSXWR�)DEUL]LR�)UDFWLRQDO�2SHUDWRU�

.DVKLI�$OL�$EUR��
'HSDUWPHQW�RI�%DVLF�6FLHQFHV�DQG�5HODWHG�6WXGLHV��0HKUDQ�8QLYHUVLW\�RI�

(QJLQHHULQJ�7HFKQRORJ\��-DPVKRUR��3DNLVWDQ��NDVKLI�DEUR#IDFXOW\�PXHW�HGX�SN�

$EVWUDFW��7KLV�UHVHDUFK�DUWLFOH�LQYHVWLJDWHV�DQ�XQVWHDG\�IORZ�RI�PLFURSRODU�QDQRIOXLGV�
RQ�DQ�LQILQLWH�RVFLOODWLQJ�SODWH��(WK\OHQH�JO\FRO�LV�FRQVLGHUHG�DV�D�FRQYHQWLRQDO�EDVH�
IOXLG�DV�ZHOO�DV�FRSSHU�DQG�VLOYHU�DUH�QDQRSDUWLFOHV��7ZR�NLQGV�RI�QDQRSDUWLFOHV��FRSSHU�
DQG� VLOYHU�� DUH� VXVSHQGHG� LQ� HWK\OHQH� JO\FRO�� 7KH� JRYHUQLQJ� SDUWLDO� GLIIHUHQWLDO�
HTXDWLRQV�DUH�IUDFWLRQDOL]HG�LQ�WHUPV�&DSXWR�)DEUL]LR�IUDFWLRQDO�GHULYDWLYH�DQG�VROYHG�
E\�DQDO\WLFDO�DSSURDFK��7KH�JHQHUDO�VROXWLRQV�KDYH�EHHQ�HVWDEOLVKHG�IRU�WHPSHUDWXUH�
GLVWULEXWLRQ�� PLFURURWDWLRQ� DQG� YHORFLW\� ILHOG� E\� HPSOR\LQJ� LQWHJUDO� WUDQVIRUPV�
�/DSODFH�WUDQVIRUP��DQG�H[SUHVVHG�LQ�WHUPV�JHQHUDOL]HG�)R[�+�IXQFWLRQ��7KH�JHQHUDO�
VROXWLRQV�DQG�WKHLU�OLPLWLQJ�FDVHV�UHFWLI\�WKH�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV��)LQDOO\��
WKH� LPSDFWV� RI� QDQRSDUWLFOHV�� &DSXWR�)DEUL]LR� IUDFWLRQDO� RSHUDWRU�� GLPHQVLRQOHVV�
QXPEHUV�� PDWHULDO� SDUDPHWHUV� DQG� UKHRORJLFDO� SDUDPHWHUV� KDYH� EHHQ� XQGHUOLQHG� E\�
JUDSKLFDO�LOOXVWUDWLRQV�RQ�IORZ����������������

.H\�ZRUG��0LFURSRODU�QDQRIOXLGV��&DSXWR�)DEUL]LR�)UDFWLRQDO�'HULYDWLYH��JHQHUDOL]HG�
)R[�+�IXQFWLRQ��QDQRSDUWLFOHV��DQG�5KHRORJLFDO�SDUDPHWHUV���
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������� $�FKRLFH�RI�V\PPHWULF�FU\SWRJUDSKLF�DOJRULWKPV�EDVHG�RQ�PXOWL�
FULWHULD�DQDO\VLV�

DSSURDFK�IRU�VHFXULQJ�6PDUW�JULG�

5DMD�0RXDFKL��$GGL�$LW�0ORXN��)DWLPD�*KDUQDWL�DQG�0XVWDSKD�5DRXIL�
/DERUDWRU\�RI�,QWHOOLJHQW�(QHUJ\�0DQDJHPHQW�DQG�,QIRUPDWLRQ�6\VWHPV��)DFXOW\�RI�

6FLHQFHV�6HPODOLD��&DGL�$\\DG�8QLYHUVLW\��0DUUDNHFK��0RURFFR�
PRXDFKLUDMD#JPDLO�FRP��DLWPORXN#JPDLO�FRP��JKDUQDWL#XFD�DF�PD��

UDRXIL#XFD�PD�

$EVWUDFW��,Q�RUGHU�WR�RSWLPL]H�SURGXFWLRQ��FRQVXPSWLRQ�DQG�GLVWULEXWLRQ�RI�HQHUJ\��WKH�
GLIIHUHQW�GHYLFHV�RI�D�VPDUW�JULG��6*��H[FKDQJH�GDLO\�LQFUHDVLQJ�IORZV�RI�LQIRUPDWLRQ��
0RUHRYHU�� 6*� SURGXFHV� PXFK� PRUH� GDWD� VWUHDP� WKDQ� WKH� WUDGLWLRQDO� QHWZRUN�� ,Q�
DGGLWLRQ�WR�WKH�ODUJH�YROXPH��WKH�GDWD�RI�WKH�6*�DUH�FKDUDFWHUL]HG�E\�WKHLU�GLYHUVLW\��
+RZHYHU��VHFXULQJ�WKHVH�GDWD�IORZV�LV�HVVHQWLDO��,QGHHG��D�VLQJOH�IDLOXUH�RU�DWWDFN�FRXOG�
FRPSURPLVH�WKH�VDIHW\�RI�WKH�ZKROH�HOHFWULFDO�QHWZRUN��WKH�PDOIXQFWLRQ�RI�ZKLFK�FRXOG�
KDYH�VHULRXV�UHSHUFXVVLRQV��7KHUHIRUH��FU\SWRJUDSK\�DV�D�VROXWLRQ�LV�QHFHVVDU\�IRU�6*�
WR�EHFRPH�UHDOL]DEOH�DQG�VHFXUH��%HLQJ�DEOH�WR�FODVVLI\�DQG�WR�PDNH�D�JRRG�FKRLFH�RI�
V\PPHWULF� FU\SWRJUDSKLF� DOJRULWKPV� IRU� VHFXULW\� RI� 6*�� ZH� SURSRVHG� WR� XVH� DQ�
DSSURDFK�EDVHG�RQ�PXOWL�FULWHULD�DQDO\VLV����

.H\ZRUGV�� 6PDUW� *ULG�� 6HFXULW\�� &U\SWRJUDSK\�� &RQILGHQWLDOLW\�� PXOWL�FULWHULD�
DQDO\VLV��3520(7+((��*$,$��
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�������� 6LPXODWLYH�,QYHVWLJDWLRQ�RI�7UDQVPLVVLRQ�3HUIRUPDQFH�IRU�3URSRVHG�
1*�321���

%DVHG�RQ�'346.�0RGXODWHG�'RZQVWUHDP�ZLWK�7ZR�GLIIHUHQW�
,QWHQVLW\�

0RGXODWHG�8SVWUHDPV�

$UHH]�.KDOLO�0HPRQ��$KPHG�0XGGDVVLU�.KDQ��6\HG�+\GHU�$EEDV�0XVDYL��)DL]DQ�XU�
5HKPDQ��$WLI�0HKPRRG��6DMLG�+XVVDLQ��

)(67��,QGXV�8QLYHUVLW\��.DUDFKL��3DNLVWDQ�DUHH]�PHPRQ#LQGXV�HGX�SN��
DKPHG�PXGGDVVLU#LQGXV�HGX�SN��'HDQ#LQGXV�HGX�SN��IDL]DQ�UHKPDQ#LQGXV�HGX�SN��

DWLIPHKPRRG#LQGXV�HGX�SN��VDMLGKXVVDLQ#LQGXV�HGX�SN�

$EVWUDFW��:H�SUHVHQW�D�FRPSDULVRQ�EHWZHHQ�WKH� WZR�KLJK�GDWD�UDWH�QH[W�JHQHUDWLRQ�
SDVVLYH�RSWLFDO�QHWZRUN��1*�321����ZKLFK�DUH�IHDVLEOH�WR�IXOILOO�WKH�IXWXUH�GHPDQG�
IRU� EDQGZLGWK� KXQJU\� DSSOLFDWLRQV� WKDW� H[FHHGV� EH\RQG� ��*ESV�� 7KLV� SDSHU�
VXPPDUL]HV� WKH� EHVW� VXLWDEOH� QHWZRUN� IRU� IXWXUH� EDQGZLGWK� KXQJU\� DSSOLFDWLRQV� E\�
VLPXODWLQJ� ERWK� QHWZRUNV� WKURXJK� RSWLV\V� VLPXODWHG� VRIWZDUH� FRQVLGHULQJ� VWDQGDUG�
YDOXHV� DQG� UHFRPPHQGDWLRQV� IRU� 1*321� ��� %RWK� QHWZRUNV� VXSSRUW� ��*ESV� ZLWK�
'LIIHUHQWLDO�4XDGUDWXUH�3KDVH�6KLIW�.H\LQJ��'436.��ZKLOH�DW�XSVWUHDP�RQH�QHWZRUN�
VXSSRUWV���*ESV�ZLWK�2Q�2II�.H\LQJ��22.��DQG�RWKHU�VXSSRUW�,QYHUWHG�UHWXUQ�WR�]HUR�
�,5=��ZLWK���.P�ILEHU�VSDQ��&RPSDULVRQ�RI�ERWK�QHWZRUNV�WUDQVPLVVLRQ�SHUIRUPDQFH�
LQ�WHUPV�RI�%(5�ZLWK�5[�SRZHU�DQG�2615�KDV�EHHQ�LQYHVWLJDWHG�DQG�UHVXOWV�VKRZV�
WKDW�1*�321���VXSSRUW���*ESV�ZLWK�'436.�DQG���*ESV�,5=� LV�TXLWH�EHWWHU� WKDQ�
RWKHU�QHWZRUN�ZLWK�KLJKHU�VHQVLWLYLW\�DQG�2615������

.H\ZRUGV��'LIIHUHQWLDO�4XDGUDWXUH�3KDVH�6KLIW�.H\LQJ��'436.���21�2))�.H\LQJ�
�22.���,QYHUWHG�5HWXUQ� WR�=HUR��,5=���1H[W�*HQHUDWLRQ�3DVVLYH�2SWLFDO�1HWZRUN���
�1*321�����%LW�(UURU�5DWH��%(5���2SW��LFDO�6LJQDO�WR�1RLVH�5DWLR��2615����
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��������� 02(06�%DVHG�$FFHOHURPHWHU�6HQVRU�8VLQJ�3KRWRQLF�&U\VWDO�IRU�
9LEUDWLRQ�

0RQLWRULQJ�LQ�$XWRPRWLYH�6\VWHPV�

6XQGDU�6XEUDPDQLDQ��'U�.�*RSDODNULVKQD��'U�1�7KDQJDGXUDL��
-DLQ�8QLYHUVLW\��%DQJDORUH�±���������.DUQDWDND��,QGLD��

&HQWUH�IRU�,QFXEDWLRQ��,QQRYDWLRQ��5HVHDUFK�DQG�&RQVXOWDQF\��&,,5&���,QGLD�����
6FKRRO�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��-DLQ�8QLYHUVLW\��,QGLD�������

VXQGDU����#JPDLO�FRP��NJRSLPQ#JPDLO�FRP��PUJROGMDLQ#JPDLO�FRP�

$EVWUDFW� 'LDJQRVLQJ� WKH� YLEUDWLRQ� LQ� DXWRPRELOHV� KDV� JRW� JUHDW� SULRULW\� VLQFH� LW�
SURYLGHV� FRPIRUW� WR� WKH� SDVVHQJHU� LQVLGH� YHKLFOH�� � 7KLV� SDSHU� SUHVHQWV� 02(06�
DFFHOHURPHWHU� VHQVRU� E\� XVLQJ� SKRWRQLF� FU\VWDO�� 6SULQJ�PDVV� V\VWHP�ZLWK� SKRWRQLF�
FU\VWDO�WHFKQRORJ\�LV�YLVXDOL]HG�DQG�VFUXWLQL]HG��2SWLFDO�VHQVLQJ�V\VWHP�ZLWK�SKRWRQLF�
FU\VWDO� WHFKQRORJ\� VWXGLHG� DQG� VLPXODWHG� ZLWK� URGV� LQ� DLU� DQG� KROHV� LQ� VODE�
FRQILJXUDWLRQ��'XH�WR�DSSOLHG�IRUFH�GHIOHFWLRQ�RI� UHFWDQJXODU�GHIHFW�VODE�IRU�YHUWLFDO�
DQG�KRUL]RQWDO�PRYHPHQW� LV�YHULILHG��*DXVVLDQ�SXOVH�SURSDJDWHG� WKURXJK� WKH�GHIHFW�
UHJLRQ� LQ�SKRWRQLF�FU\VWDO� VODE�ZDV�UHVXOWLQJ�ZDYHOHQJWK�VKLIW� IRU�HDFK�GHIHFWLRQ�RI�
VODE�� 7UDQVPLVVLRQ� VSHFWUXP� REWDLQHG� IRU� HDFK� GHIOHFWLRQ� GLUHFWLRQ� RI� VODE� DQG�
FRQILJXUDWLRQV��4�IDFWRU�DQDO\]HG�IRU�HDFK�GLVSODFHPHQW�RI�VODE�IRXQG�WR�EH������IRU�
+,6�YHUWLFDO�PRYHPHQW��,W�LV�IRXQG�WKDW�GLVWLQFW�FKDQJH�LQ�ZDYHOHQJWK�KDV�REWDLQHG�IRU�
+ROHV�LQ�VODE�FRQILJXUDWLRQ�GXULQJ�YHUWLFDO�DQG�KRUL]RQWDO�PRYHPHQW�RI�VODE�FRPSDUHG�
WR�WKH�UHVXOWV�RI�5RGV�LQ�DLU�FRQILJXUDWLRQ��2EWDLQHG�UHVXOWV�VKRZHG�IHDVLELOLW\�RI�IXWXUH�
IDEULFDWLRQ�IRU�+,6�FRQILJXUDWLRQ�����

.H\ZRUGV� 3KRWRQLF�FU\VWDO��$FFHOHURPHWHU��5RGV�LQ�$LU��5,$���+ROHV�LQ�VODE��+,6���
9LEUDWLRQ��0LFUR�GLVSODFHPHQW��/LJKW�3URSDJDWLRQ��4�IDFWRU��0RQLWRULQJ��02(06����
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������ 3KRWRQLF�&U\VWDO�%DVHG�0LFUR�,QWHUIHURPHWHU�%LRFKLS��3&�,055��IRU�
(DUO\�

6WDJH�'HWHFWLRQ�RI�0HODQRPD�

1DQGKLQL�9�/���'U��.��6XUHVK�%DEX���'U��6DQGLS�.XPDU�5R\��DQG��
'U��3UHHWD�6KDUDQ�

�'HSW�RI�(&(��*RYW��6.6-7,��%DQJDORUH��,QGLD��
�'HSW�RI�(&(��89&(��%DQJDORUH��,QGLD��

�'HSW�RI�(((��$0(7�8QLYHUVLW\��&KHQQDL��,QGLD��
�'HSW�RI�(&(��7KH�2[IRUG�(QJLQHHULQJ�&ROOHJH��%DQJDORUH��,QGLD��

VXQDQGL����#JPDLO�FRP�

$EVWUDFW��7KH�SDSHU�GHVFULEHV�D�XQLTXH�DSSURDFK�IRU�WKH�ODEHO�IUHH�ELRVHQVRU�GHVLJQ�
IRU� WKH�HDUO\�VWDJH�GHWHFWLRQ�RI�PDOLJQDQW�DQG�LQYDVLYH�PHODQRPD��5HIUDFWLYH�,QGH[�
YDULDWLRQ�DQDO\VLV�SOD\V�D�YLWDO�UROH�LQ�WKH�3KRWRQLF�&U\VWDO�EDVHG�VHQVRU�GHVLJQ��7KH�
3KRWRQLF�&U\VWDO�EDVHG�PLFUR�LQWHUIHURPHWHU�ELRVHQVRU�KDV�EHHQ�GHVLJQHG�LQ�URGV�LQ�DLU�
FRQILJXUDWLRQ��7KH�GHVLJQ�FRPSULVHV�RI�D�KH[DJRQDO� ULQJ�VWUXFWXUH�EHWZHHQ�WZR�EXV�
ZDYHJXLGHV� IRUPLQJ� D� VHQVLQJ� DQG� UHIHUHQFH� DUPV�� 7KH� HDUO\� VWDJH� GLDJQRVLV� RI�
0HODQRPD�LV�GHSHQGHQW�RQ�WKH�FRPSDULVRQ�RI�WKH�QRUPDO�FHOO�DJDLQVW�WKH�DIIHFWHG�FHOO�
ZKLFK�LV�GRQH�E\�XVLQJ�WKH�DUPV�RI�LQWHUIHURPHWHU��7KH�VHQVLWLYLW\�RI�WKH�ELRVHQVRU�LV�
GHWHUPLQHG� E\� WKH� SKDVH� VKLIW� �� ZDYHOHQJWK� GLIIHUHQFH� EHWZHHQ� WKH� DUPV� RI� WKH�
LQWHUIHURPHWHU� VHQVRU�� 7KH� VHQVLWLYLW\� RI� WKH� GHVLJQHG� VHQVRU� LV� ����QP�5,8�� 7KH�
VLPXODWLRQV� DUH� EDVHG� RQ� )'7'� WHFKQLTXH�� 7KH� UHODWLYH� VKLIWV� LQ� IUHTXHQF\� DQG�
ZDYHOHQJWK�LV�GXH�WR�WKH�5HIUDFWLYH�,QGH[�GHYLDWLRQ�LQ�WKH�VHQVLQJ�DUP��4XDOLW\�)DFWRU�
REWDLQHG�DW���������IRU�ZDYHOHQJWK�����QP���

.H\ZRUGV��0HODQRPD��,QWHUIHURPHWHU��5HIUDFWLYH�,QGH[�GHYLDWLRQ��)'7'��
VHQVLWLYLW\��4XDOLW\�IDFWRU�
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������� *HVWXUH�&RQWUROOHG�5RERWLF�$UP�8VLQJ�/HDS�0RWLRQ�

6DUPDG�+DPHHG��0XKDPPDG�$KVRQ�.KDQ��%KDZHVK�.XPDU��=HHVKDQ�$UDLQ��
0RH]�XO�+DVDQ��

6KDKHHG�=XOILNDU�$OL�%KXWWR�,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\��.DUDFKL��
������3DNLVWDQ���

VDUPDG�KDPHHG#V]DELVW�HGX�SN��DKVRQNKDQ��#JPDLO�FRP��
EKDZHVKUDWKL��#JPDLO�FRP��]HH�DUDLQ��#KRWPDLO�FRP��

PRH]�KDVVDQ#V]DELVW�HGX�SN�

$EVWUDFW��5RERW�SOD\V�D�YLWDO�SDUW�LQ�PDNLQJ�RXU�OLYHV�PRUH�IDFLOH��7KH�VFRSH�RI�WKLV�
SDSHU�LV�WR�SURYLGH�D�UHODWLRQ�EHWZHHQ�KXPDQ�DQG�PDFKLQH�E\�WKH�LQWHUDFWLRQ�RI�KXPDQ�
KDQG�DQG�URERWLF�DUP��7KH� LGHD�FRQYHUJHV� WRZDUGV� WKH�FRQFHSWLRQ�RI�D� URERWLF�DUP�
LGHQWLFDO� WR�KXPDQ�KDQG�ZLWK�JHVWXUH� WKDW� LV�PRUH�SUHFLVH��7KH�DUP�FRQVLVWV�RI�ILYH�
'HJUHH�2I�)UHHGRP��'2)��DQG�DQ�HQG�HIIHFWRU��ZKLFK�DOORZV�WKH�LQWHUDFWLRQ�ZLWK�WKH�
UHDO� ZRUOG�� 7KH� FRQVWUXFWLRQ� RI� WKH� URERWLF� DUP� DGDSWV� WKH� SULQFLSOHV� RI� LQYHUVH�
NLQHPDWLFV�DQG� WRUTXH�HTXLOLEULXP��1RZ� WKH�REOLJDWLRQV� IRU� WKH� FRQWUROOHU�DULVH�DQG�
DORQJ�WKH�ZD\�VHWWOHG�ZLWK�WKH�H[SORUDWLRQ�RI�OHDS�PRWLRQ�VHQVRU��$V�HDUOLHU��URERWLF�
DUP�ZDV�FRQWUROOHG�E\� WKH�NH\SDG�RU� MR\VWLFN�ZKLFK� UHTXLUHG�D� ORW�RI�SUDFWLFHV�DQG�
FDOFXODWLRQV�WR�PDQLSXODWH�WKH�URERWLF�DUP�WR�UHDFK�GHVLUHG�SRVLWLRQ��7KH�H[SORLWDWLRQ�
RI�WKH�OHDS�PRWLRQ�UHVXOWV�LQ�H[SOLFLWO\�DFTXLULQJ�IRU�KDQG�JHVWXUH�DQG�SURYLGHV�VHW�RI�
SRLQWV��7KLV�LQQRYDWLRQ�HQDEOHV�PRUH�SHUFHSWLYH�ILYH�'2)�FRQWURO�ZLWK�DQ�HQG�HIIHFWRU��
7KH� UHVXOWV� VKRZHG� WKH� UHGXFWLRQ� LQ� WKH� FRPSOH[LW\� DSSURDFK� DQG� JDLQ� LQ� FRQWURO�
DFFXUDF\�

.H\ZRUGV��*HVWXUH�&RQWURO��/HDS�0RWLRQ��5RERWLF�$UP��)RUZDUG�.LQH�
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������ $�/(;,&21�%$6('�0(&+$1,60�)25�,'(17,)<,1*�$1'�

021,725,1*�6(&85,7<�7+5($76�21�52$'6�

0XQD]]D�=DLE���6KDK]DG�1L]DPDQL����0XKDPPDG�$OL�1L]DPDQL�9LMGDQ�
.KDOLTXH�

'HSDUWPHQW�RI�6RIWZDUH�(QJLQHHULQJ��08(7��6=$%�&DPSXV��.KDLUSXU�0LU
V��
6LQGK��3DNLVWDQ��

�'HSDUWPHQW�RI�6RIWZDUH�(QJLQHHULQJ��08(7��-DPVKRUR��6LQGK��3DNLVWDQ��
�'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��,VUD�8QLYHUVLW\��+\GHUDEDG��

'HSDUWPHQW�RI�6RIWZDUH�(QJLQHHULQJ��08(7��-DPVKRUR��6LQGK��3DNLVWDQ�

$EVWUDFW�*LYHQ�WKH�ERRPLQJ�H[SDQVLRQ�RI�VRFLDO�PHGLD��LW� LV�QRW�VXUSULVLQJ�WKDW� WKH�
ILHOG� RI� VHQWLPHQW� DQDO\VLV� KDV� VHHQ� DGYDQFHPHQWV� UDSLGO\� LQ� UHFHQW� \HDUV��
1HYHUWKHOHVV��WKH�XVH�RI�VHQWLPHQW�DQDO\VLV�LV�TXLWH�OLPLWHG�LQ�WKH�ILHOG�RI�WUDQVSRUWDWLRQ�
WR�DVVHVV�WKH�VDIHW\�RI�DQ�DUHD��7KLV�UHVHDUFK�SDSHU�SURSRVH�WKH�VHQWLPHQW�DQDO\VLV�RI�
WUDIILF�RU�FULPH�LQIRUPDWLRQ�DV�D�QHZ�ZD\�WR�KDQGOH�WKLV�SUREOHP��7R�DFKLHYH�WKLV��ZH�
KDYH�XVHG�RQH�RI�WKH�XVHU�JHQHUDWHG�FRQWHQWV�L�H��7ZLWWHU�DV�RXU�VRXUFH�RI�LQIRUPDWLRQ��
7ZLWWHU�KDV�HPHUJHG�DV�DQ�HVVHQWLDO�QHZ�WRRO�WR�PDNH�VRFLDO�PHDVXUHPHQWV��0LOOLRQV�
RI�WZHHSV�H[SUHVV�WKHLU�WKRXJKWV�DQG�VHQWLPHQWV�DERXW�DQ\�WRSLF�LPDJLQDEOH�RQ�GDLO\�
EDVLV�YROXQWDULO\��7KLV�KHDS�RI�GDWD�LV�TXLWH�VLJQLILFDQW�IURP�ERWK�UHVHDUFK�DQG�EXVLQHVV�
SHUVSHFWLYHV��7KXV��ZH�LQWHQG�WR�GHVLJQ�DQ�DSSOLFDWLRQ�WKURXJK�RXU�UHVHDUFK�ZLWK�ZKLFK�
WKH�FDWHJRUL]DWLRQ�RI�GDWD�SXEOLFDOO\�DYDLODEOH�DW�7ZLWWHU�FDQ�EH�GRQH��VR�WKDW�WKH�XVHUV�
FDQ�KDYH�DFFHVV�WR�WKH�FXVWRPL]HG�DQG�XVHIXO�LQIRUPDWLRQ�UHODWHG�WR�WKH�DUHDV�WKH\�DUH�
SODQQLQJ�WR�YLVLW��7R�FDUU\�RXW�WKLV�UHVHDUFK�SUDFWLFDOO\��GDWD�IURP�7ZLWWHU�ZDV�FROOHFWHG�
IRU�D�SDUWLFXODU� VRXUFH�DQG�GHVWLQDWLRQ� DQG� VHQWLPHQW� DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�
6HQWL:RUG1HW�� 7KH� UHVXOW� \LHOGHG� LQ� RYHUDOO� SRODULW\� RI� WKH� WZHHWV� LQIRUPLQJ� XVHUV�
DERXW� WKH� VDIHW\� RI� DOO� WKH� DYDLODEOH� URXWHV�� 7KLV� VWXG\� ZLOO� KHOS� JUHDWO\� LQ� WKH�
GHYHORSPHQW� RI� LQWHOOLJHQW� WUDQVSRUWDWLRQ� V\VWHPV� DQG� RXU� H[SHULPHQWDO� UHVXOWV�
GHPRQVWUDWH�WKH�HIIHFWLYHQHVV�RI�WKH�V\VWHP�����

.H\ZRUGV�VHQWLPHQW��SRODULW\��VDIHW\��OH[LFRQ�
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������ 'DWD�0LQLQJ�DQG�0DFKLQH�/HDUQLQJ��IRU�)LQDQFLDO�$QDO\VLV�

7KLWLPDQDQ�'DPURQJVDNPHWKHH¶�DQG�9LFWRU�(PLO�1HDJRH����
�6XUDWWKDQL�5DMDEKDW�8QLYHUVLW\��7KDLODQG���

�3RO\WHFKQLF�8QLYHUVLW\�RI�%XFKDUHVW��5RPDQLD��
PDQDQFF#JPDLO�FRP��YLFWRUHPLO#JPDLO�FRP�

$EVWUDFW�'DWD�PLQLQJ�LV�WKH�SURFHVV�RI�GLVFRYHULQJ�SDWWHUQV��FRUUHVSRQGLQJ�WR�YDOXDEOH�
LQIRUPDWLRQ�IURP�WKH�ODUJH�GDWD�VHWV��LQYROYLQJ�PHWKRGV�DW�WKH�LQWHUVHFWLRQ�RI�PDFKLQH�
OHDUQLQJ�� VWDWLVWLFV� DQG� GDWDEDVH� V\VWHPV�� (YROYLQJ� IURP� WKH� ILHOGV� RI� SDWWHUQ�
UHFRJQLWLRQ� DQG� DUWLILFLDO� LQWHOOLJHQFH�� PDFKLQH� OHDUQLQJ� H[SORUHV� WKH� VWXG\� DQG�
FRQVWUXFWLRQ� RI� DOJRULWKPV� WKDW� FDQ� OHDUQ� IURP� VDPSOH� LQSXWV�� 7KLV� SDSHU� GHVFULEHV�
VHYHUDO��GDWD�PLQLQJ���PDFKLQH�OHDUQLQJ��WHFKQLTXHV�IRU�ILQDQFLDO�DQDO\VLV�IRFXVHG�RQ�
ULVN� PDQDJHPHQW� �SDUWLFXODUO\� FUHGLW� VFRULQJ� DQG� EDQNUXSWF\� SUHGLFWLRQ��� )LQDQFLDO�
GDWD�DQDO\VLV�LV�XVHG�LQ�PDQ\�ILQDQFLDO�LQVWLWXWHV�IRU�DFFXUDWH�DQDO\VLV�RI�FRQVXPHU�GDWD�
WR� ILQG�GHIDXOWHU�� UHGXFH� WKH�PDQXDO�HUURUV� LQYROYHG�� IDVW� DQG�VDYH� WLPH�SURFHVVLQJ��
UHGXFH� WKH�PLVMXGJPHQWV�� FODVVLI\� WKH�FXVWRPHUV�GLUHFWO\� DQG� UHGXFH� WKH� ORVV�RI� WKH�
ILQDQFLDO�LQVWLWXWLRQV��:H�KDYH�FRQVLGHUHG�D�ORW�RI�YDULRXV�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�
IRU� ILQDQFLDO�GDWD�DQDO\VLV�DV� WKRVH�DSSOLHG� � � IRU�VXSHUYLVHG�FODVVLILFDWLRQ� �$UWLILFLDO�
1HXUDO�1HWZRUNV��6XSSRUW�9HFWRU�0DFKLQH��'HFLVLRQ�7UHHV��DV�ZHOO�DV�WKRVH�XVHG�IRU�
FOXVWHULQJ��.�PHDQV�FOXVWHULQJ�������

.H\ZRUGV�� 'DWD� PLQLQJ�� PDFKLQH� OHDUQLQJ�� ILQDQFLDO� DQDO\VLV�� ULVN� PDQDJHPHQW��
EDQNUXSWF\� SUHGLFWLRQ�� FUHGLW� ULVN�� FUHGLW� VFRULQJ�� DUWLILFLDO� QHXUDO� QHWZRUNV��
FODVVLILFDWLRQ��FOXVWHULQJ�����������
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������� 1XPHULFDO�,QYHVWLJDWLRQ�RQ�WKH�'DPDJH�,QLWLDWLRQ�DQG�6WLIIQHVV�
'HJUDGDWLRQ�LQ�0DWUL[�0DWHULDOV�$WWDFKLQJ�DQ�$JJUHJDWH�WR�WKH�+RW�

0L[�$VSKDOW�

<DVVLQH�(/�+DORXL��0RKDPHG�(ORPDUL��-RVHSK�$EVL���)DWHK)DNKDUL�7HKUDQL��
&KULVWRSKH�3HWLW�

/$(37�8&$��&DGL�$\\DG�8QLYHUVLW\��0DUUDNHFK��0RURFFR���
8QLYHUVLW\�RI�/LPRJHV��)UDQFH���
8QLYHUVLWp�GH�/LPRJHV��)UDQFH���

&RQVHUYDWRLUH�QDWLRQDO�GHV�DUWV�HW�PpWLHUV��)UDQFH���
(�PDLO��\DVVLQH�HOKDORXL#HGX�XFD�DF�PD�

$EVWUDFW� ,Q� WKLV� SDSHU�� QXPHULFDO� VLPXODWLRQV� KDYH� EHHQ� FDUULHG� RXW� WR� LQYHVWLJDWH�
DERXW�GDPDJH�LQ�PDWUL[�PDWHULDOV��,W�LV�NQRZQ�WKDW�KRW�PL[�DVSKDOW�LV�D�KHWHURJRQRXV�
PDWHULDO�FRPSRVHG�RI�DJJUHJDWHV��PDWUL[�DQG�DLU�YRLGV��7KH�PDWUL[�LV�WKH�SKDVH�ZKLFK�
OLQNV�WKH�FRDUVH�DJJUHJDWHV�DQG�LW�LV�FRPSULVHG�RI�ILOOHUV�DQG�ELWXPHQ��7KH�QXPHULFDO�
PRGHO�KDV�EHHQ�UHSUHVHQWHG�E\�RQH�UHFWDQJXODU�DJJUHJDWH��ZKLFK�LV�LQ�FRQWDFW�WR�WKH�
KRW�PL[�DVSKDOW�WKDQNV�WR�WKH�PDWUL[��7KH�PDWUL[�KDV�EHHQ�FRQVLGHUHG�DV�D�FRKHVLYH�
HOHPHQW�EHWZHHQ�DJJUHJDWH�DQG�KRW�PL[�DVSKDOW��7KH�DSSOLHG�GLVSODFHPHQW�KDV�EHHQ�
UHODWHG�WR�WKH�VSHHG�RI�YHKLFOH��$�FRPSDUDWLYH�DQDO\VLV�EHWZHHQ�IRXU�PDWUL[�W\SHV�KDV�
EHHQ�FRQGXFWHG��7KH�HIIHFW�RI�ORDGLQJ�DQG�ILOOHUV�RQ�WKH�GDPDJH�LQLWLDWLRQ�DQG�VWLIIQHVV�
GHJUDGDWLRQ�LQ�PDWUL[�PDWHULDO�ZLOO�EH�VKRZQ������

.H\ZRUGV� 1XPHULFDO� VLPXODWLRQ�� KRW� PL[� DVSKDOW�� GDPDJH� LQLWLDWLRQ�� VWLIIQHVV�
GHJUDGDWLRQ��PDWUL[��FRKHVLYH�HOHPHQW��DGKHVLYH�GDPDJH��
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������� :LUHOHVV�6HQVRU�1HWZRUN�:61��%DVHG�(DUO\�)ORRG�:DUQLQJ�6\VWHP�

0��7DKLU�4DGUL�DQG�$OL�$NEDU�6LGGLTXH��
6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�	�7HFKQRORJ\��3DNLVWDQ��PWDKLUT#KRWPDLO�FRP��

DOL���N#KRWPDLO�FRP��

$EVWUDFW��:DWHU�LV�RQH�RI�WKH�PRVW�HVVHQWLDO�DQG�QHFHVVDU\�HOHPHQW�WKDW�ZH�UHTXLUH�LQ�
RXU�GDLO\�OLIH��DOWKRXJK�LW�PD\�EHFRPH�OLIH�WKUHDWHQLQJ�IRU�WKH�SHRSOH�OLYLQJ�QHDU�WR�WKH�
ULYHU� EDQN�� ,Q� PDQ\� FLWLHV� RI� 3DNLVWDQ�� FRQWUROOLQJ� WKH� IORRG� VLWXDWLRQ� LV� D� PDMRU�
SUREOHP��'XH�WR� WKH�SRRU�PDQDJHPHQW�DQG� ODFN�RI�GDPV�� WKH�FKDQFHV�RI� IORRG�PD\�
LQFUHDVH�H[SRQHQWLDOO\��)LUVW�SULRULW\�LV�WR�VDYH�WKH�OLYHV�RI�WKH�SHRSOH�OLYLQJ�FORVH�WR�
WKH�ULYHU�EDQN��KHQFH�WHFKQRORJ\�FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKLV�UHJDUG�WR�VROYH�WKLV�
SUREOHP�DW�VRPH�H[WHQW��:H�SURSRVHG�D�:LUHOHVV�6HQVRU�1HWZRUN��:61��EDVHG�
V\VWHPWR�ZDUQ�WKH�QHDUE\�YLOODJHV�DERXW� WKH�LPSHQGLQJ�IORRG�VLWXDWLRQ�VR�WKH\�PD\�
WDNH�SUHFDXWLRQDU\�VWHS�WR�VDYH�WKHLU�OLYHV��:H�LQWURGXFHG�IRXU�QRGHV�IRU�IRXU�GLIIHUHQW�
ULYHU�ORFDWLRQV�WR�FRQVWDQWO\�PRQLWRU�WKH�IORZ�DQG�WKH�OHYHO�RI�WKH�ULYHU�ZDWHU��7KHVH�
IRXU�QRGHV�ZLOO�GHOLYHU�WKHLU� LQIRUPDWLRQ�WR�D�PDVWHU�QRGH�KROGLQJ�DOO� WKH�QHFHVVDU\�
LQIRUPDWLRQ�DQG�ZLOO�JHQHUDWH�D�ZDUQLQJ�LQ�FDVH�RI�IORRG�����

.H\ZRUGV��:LUHOHVV�6HQVRU�1RGH��:61���)ORZ�6HQVRUV��$UGXLQR�0(*$�������
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������� $872120286�6/$0�%$6('�)25./,)7�52%27�

0XKDPPDG�7D\\DE��6\HG�1RPDQ�0DKPRRG��6\HG�$VKDU�$ODP��6DTLE�$NKWHU�DQG�
7DKLU�4DGUL��

6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�	�7HFKQRORJ\��3DNLVWDQ���
WD\\DE�HQJU�#JPDLO�FRP���VQRPDQ���#\DKRR�FRP���DODP�DVKDU#\DKRR�FRP��

VDTLEDNKWHU���#JPDLO�FRP��PWDKLUT#KRWPDLO�FRP�

$EVWUDFW²7KLV�SDSHU�SURSRVHV� DQG�GHYHORS�D�VRSKLVWLFDWHG�GHVLJQ�RI�$XWRQRPRXV�
6LPXOWDQHRXV�/RFDOL]DWLRQ�DQG�0DSSLQJ��6/$0��EDVHG�)RUNOLIW�5RERW�IRU�OLIWLQJ�WKH�
XVHU�GHILQHG�REMHFWV�LQ�ZDUHKRXVHV��7KH�PDLQ�LGHD�RI�WKLV�ZRUN�LV�WR�GHVLJQ�VXFK�DQ�
REMHFW�OLIWLQJ�IRUNOLIW�URERW�ZKLFK�ZRUNV�LQ�G\QDPLF�DQG�XQNQRZQ�HQYLURQPHQW�WR�OLIW�
DQG�VKLIW�WKH�ER[HV�IURP�RQH�SODFH�WR�DQRWKHU��%HFDXVH�WKH�IRUNOLIW�URERW�LV�D�6/$0�
EDVH�VR�LW�KDV�WKH�DELOLW\�WR�HPSRZHU�WKH�FRQWUROOHU�RI�WKH�URERW�WR�WDNH�GHFLVLRQV�UHODWHG�
WR�WKH�PRYHPHQW�RI�WKH�URERW�RQ�LWV�RZQ�ZLWKRXW�DQ\�KXPDQ�LQWHUYHQWLRQ��,Q�6/$0�
EDVHG�)RUNOLIW�5RERW�LQYROYHV�ERWK�6LPXOWDQHRXV�/RFDOL]DWLRQ�DQG�0DSSLQJ�WR�PRYH�
WKH�URERW�WR�UHDFK�WKH�REMHFW�IRU�GHWHFWLRQ�DQG�OLIWLQJ��)RU�REMHFW�GHWHFWLRQ�WKLV�SDSHU�
GHVFULEHV� WKH� PDFKLQH� OHDUQLQJ� DSSURDFK� ZKLFK� LV� 2SWLFDO� &KDUDFWHU� 5HFRJQLWLRQ�
�2&5��LQ�ZKLFK�ZH�XVH�.�QHDUHVW�SULQFLSOH�WR�GHWHFW�WKH�XVHU�GHILQH�REMHFW��ER[���7KHQ�
WKH�IRUNOLIW�URERW�PDWFK�WKH�DOSKDQXPHULF�FRGH�ZULWWHQ�RQ�WKH�ER[�ZLWK�WKH�FRGH�ZKLFK�
LV�GHILQHG�E\�WKH�XVHU�E\�XVLQJ�2&5�WR�GHWHFW�DQG�OLIW�WKDW�ER[��6R�EDVLFDOO\�RXU�GHVLJQ�
IROORZV� WKUHH�EDVLF� VWHSV�� WKH� IRUZDUG�PRWLRQ�SODQQLQJ�ZKLFK� LV� WKH� SDUW� RI�6/$0�
DSSURDFK�IRU�QDYLJDWLRQ�LQ�IRUZDUG�GLUHFWLRQ�DQG�DOVR�JHQHUDWLQJ�D�UHDO�WLPH�PDS��7KH�
VHFRQG�VWHS�LV�REMHFW�GHWHFWLRQ�E\�XVLQJ�RSWLFDO�FKDUDFWHU�UHFRJQLWLRQ��7KH�WKLUG�VWHS�LV�
UHYHUVH� PRWLRQ� SODQQLQJ� ZKLFK� IROORZV� WKH� PDS� ZKLFK� ZDV� JHQHUDWHG� GXULQJ� WKH�
IRUZDUG�PRWLRQ�SODQQLQJ�WR�JHW�EDFN�LWV�VWDUWLQJ�RU�LQLWLDO�SRVLWLRQ�ZLWK�WKH�ER[��7KLV�
PDS�LV�DOVR�GLVSOD\�RQ�WKH�XVHU¶V�LQWHUIDFH�ZLUHOHVVO\��7KH�DERYH�DSSURDFK�KDV�EHHQ�
SUDFWLFDOO\� LPSOHPHQWHG� ZLWK� D� UREXVW� PDS� JHQHUDWLQJ� DQG� FKDUDFWHU� UHFRJQLWLRQ�
FDSDFLW\�����

.H\ZRUG� 6LPXOWDQHRXV� /RFDOL]DWLRQ� DQG� 0DSSLQJ�� )RUZDUG� 0RWLRQ� 3ODQQLQJ��
5HYHUVH�0RWLRQ�3ODQQLQJ��2SWLFDO�&KDUDFWHU�5HFRJQLWLRQ��2EMHFW�'HWHFWLRQ��
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������ 0XOWLSKDVH�)ORZ�&RQWURO�ZLWK�(PEHGGHG�6\VWHP�DQG�&RORU�,PDJH�
3URFHVVLQJ�

0DTVRRG�-DQ�0RKDPPDG�7DKLU�4DGUL���6KDNLO�$KPHG��
6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�	�7HFKQRORJ\��.DUDFKL��3DNLVWDQ�

PDTVRRGP#KRWPDLO�FRP��PWDKLUT#KRWPDLO�FRP��DWVKDNLO#\DKRR�FRP�

$EVWUDFW��,Q�2LO�DQG�*DV�,QGXVWU\��0XOWLSKDVH�)ORZ�RI�2LO��*DV�DQG�:DWHU�LV�SUHVHQW�
GXULQJ�H[SORUDWLRQ��WUDQVPLVVLRQ��UHILQLQJ�SURFHVV��)LQGLQJ�WKH�FRQWHQW�RI�RLO��JDV�DQG�
ZDWHU�LV�YHU\�LPSRUWDQW�IRU�GHFLVLRQ�PDNLQJ�RI�H[SORUDWLRQ��WUDQVPLVVLRQ�DQG�UHILQLQJ�
SURFHVV�� 8VLQJ� PHFKDQLFDO� LQVWUXPHQWV� LV� QRW� YHU\� HIILFLHQW�� DV� WKH\� DUH� EXON\��
H[SHQVLYH� DQG� QRW� YHU\� DFFXUDWH�� VR� XVLQJ� HOHFWURQLF� LQVWUXPHQWV� ZLWK� HPEHGGHG�
V\VWHP�DQG�VHQVRUV�ZLOO�FDSWXUH�WKH�LPDJH�RI�IOXLG�DQG�WKHQ�FRQYHUWLQJ�WKDW�LPDJH�WR�
GLJLWDO�IRUP��2QFH�WKH�LPDJH�LQ�GLJLWDO�IRUP��ZH�DSSOLHG�LPDJH�SURFHVVLQJ�WHFKQLFV�RI�
GH�EOXUULQJ�WR�LQFUHDVH�WKH�DFFXUDF\�DQG�WKHQ�FDOFXODWLQJ�WKH�SL[HOV�RI�RLO��JDV�DQG�ZDWHU�
WR�ILQG�FRQWHQW�SURILOH��,QVWDOOLQJ�WKHVH�VHQVRUV�DW�WZR�SRLQWV�LV�XVHG�WR�ILQG�YHORFLW\�
SURILOH� RI� IOXLG��:H�KDYH� VXFFHVVIXOO\� IDEULFDWHG�PXOWLSKDVH� IORZ�PHWHULQJ� �0)0��
V\VWHP�XVLQJ�ORFDO�UHVRXUFHV��7KLV�V\VWHP�LV�GHVLJQHG�WR�VWXG\�WKH�DSSOLFDWLRQ�RI�ZLUH�
PHVK�WRPRJUDSK\�DQG�IRU�FDSWXULQJ�LPDJH�GDWD�RI�PXOWLSKDVH�IORZ�RI�IOXLGV�ZLWK�WKH�
KHOS� RI� HPEHGGHG� V\VWHP� DQG� XVHG� GH�EOXUULQJ� DOJRULWKP� RI� LPDJH� SURFHVVLQJ�� WR�
LQFUHDVH� DFFXUDF\� RI� FRQWHQW� SURILOH� DQG� FRUUHODWLRQ� WHFKQLTXH�ZDV� DSSOLHG� WR� ILQG�
YHORFLW\�SURILOH�� WKHQ�ZLWK�FRORU�LPDJH�SURFHVVLQJ�WHFKQLTXHV��FRQWHQW�SURILOH�RI�RLO��
JDV�DQG�ZDWHU�ZDV�FDOFXODWHG�WR�VHH�WKDW�FDOFXODWLRQ�RI�RLO��JDV�DQG�ZDWHU�DUH�WKH�VDPH�
DQG�YHULILHG�DV�LW�ZDV�REWDLQHG�IURP�WKH�LPDJH�SURFHVVLQJ�DQG�GH�EOXUULQJ�WHFKQLTXHV��
5HVXOWV�REWDLQHG�ZHUH�TXLWH�HQFRXUDJLQJ��

.H\ZRUGV��0XOWLSKDVH�)ORZ�&RQWURO��(PEHGGHG�6\VWHP��,PDJH�3URFHVVLQJ��
'HEOXUULQJ��&RUUHODWLRQ�



ϯϵ�ͮ�W Ă Ő Ğ

������� $OWLWXGH�&RQWUROOLQJ�DQG�7UDMHFWRU\�WUDFNLQJ�RI�4XDGURWRU�8$9�E\�
XVLQJ�

0RGHO�3UHGLFWLYH�&RQWURO�

0XKDPPDG�6KDILT��=DLQ�$QZDU�$OL��0XKDPPDG�$QZDU�$KPHG��)DKDG�)DURRT�6LU�
6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��.DUDFKL��3DNLVWDQ����

VVXHW�VKDILT#KRWPDLO�FRP��]DLQDQZDU��#KRWPDLO�FRP��
HQJUBDQZDUBDKPHG#RXWORRN�FRP��IDKDGMHH���#KRWPDLO�FRP���

$EVWUDFW��,Q� WKLV�SDSHU��0RGHO�3UHGLFWLYH�&RQWUROOHU� �03&��VFKHPH� LV�SURSRVHG� WR�
VWDELOL]H�WKH�GHVLUHG�DOWLWXGH�DQG�DWWLWXGH�RI�WKH�4XDGURWRU�8QPDQQHG�$HULDO�9HKLFOH�
�4�8$9���7KH�SURSRVHG�FRQWURO� VWUDWHJ\�XVHV�FRQWURO� LQSXW� DV� D� UHIHUHQFH�ZKLFK� LV�
XWLOL]HG�WR�WUDFN�WKH�UHIHUUHG�WUDMHFWRU\��VXFK�WKDW�WKH�OLQHDU�DQG�DQJXODU�YHORFLWLHV�ZKLFK�
DUH�XVHG�WR�GHULYH�WKH�PRGHO�RI�WKH�4�8$9��03&�LV�XVHG�DV�D�PDLQ�FRQWUROOHU�WR�FRQWURO�
WKH� G\QDPLFV� RI� 4�8$9�� ZKLOH� WKH� QRQOLQHDU� EHKDYLRU� DQG� VWDELOLW\� RI� WKH�
XQGHUDFWXDWHG�4�8$9�LV�GHDOW�E\�([WHQGHG�.DOPDQ�)LOWHU��(.)���ZKLFK�LV�DOVR�XVHG�
IRU�WKH�DFFXUDWH�SUHGLFWLRQ�LQ�03&��7KH�SURSRVHG�FRQWURO�VWUDWHJ\�LV�YHULILHG�E\�XVLQJ�
PXOWLSOH�VLPXODWLRQV�LQ�6LPXOLQN�0$7/$%��7KH�HIILFLHQF\�RI�WKH�SURSRVHG�FRQWUROOHU�
LV� FRPSDUHG�ZLWK�3URSRUWLRQDO� ,QWHJUDO�'HULYDWLYH� �3,'�� FRQWUROOHU�� ,W� VKRZV� WKDW� LW�
H[KLELWV�PLQLPXP� VWHDG\� VWDWH� HUURUV� DQG� IDVW� HUURU� FRQYHUJHQFH� LQ� WKH�SUHVHQFH�RI�
PRGHO�XQFHUWDLQWLHV����

.H\ZRUGV�� 0RGHO� 3UHGLFWLYH� &RQWURO� �03&��� ([WHQGHG� .DOPDQ� )LOWHU� �(.)�� DQG�
4XDG�URWRU�8QPDQQHG�$HULDO�9HKLFOH��48$9�����
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������ 0LWLJDWLRQ�6WUDWHJLHV�IRU�8QLQWHQWLRQDO�,QVLGHU�7KUHDWV�RQ�
,QIRUPDWLRQ�/HDNV�

:DQ�%DVUL�:DQ�,VPDLO���0DU\DWL�<XVRI�
�8QLYHUVLWL�6HODQJRU�������%HVWDUL�-D\D��6HODQJRU���

�8QLYHUVLWL�.HEDQJVDDQ�0DOD\VLD�������%DQJL��6HODQJRU��
ZDQEDVUL#XQLVHO�HGX�P\��PDU\DWL�\XVRI#XNP�HGX�P\�

$EVWUDFW��,QIRUPDWLRQ�OHDNDJH�LV�D�PDMRU�FRQFHUQ�IRU�PDQ\�RUJDQL]DWLRQV��,QIRUPDWLRQ�
OHDNDJH�EHFRPHV� FULWLFDO�ZKHQ� WKH�SHUSHWUDWRU� LV� DQ� LQVLGHU�� �2QH�RIWHQ�RYHUORRNHG�
FDXVH� RI� VHFXULW\� EUHDFK� LV� XQLQWHQWLRQDO� KXPDQ� EHKDYLRXU� LQ� GDLO\� DFWLYLWLHV� LQ� DQ�
RUJDQL]DWLRQ��+XPDQ�EHKDYLRXU�WKDW�SRVHV�D�FULWLFDO�LVVXH�LQ�DQ\�RUJDQL]DWLRQ�LQFOXGHV�
KXPDQ�HUURU��RPLWWHG�VHFXULW\�EHKDYLRXU�DQG�WKH�SUDFWLFH�RI�VHFXULW\�VKDGRZ�,7���7KHVH�
XQLQWHQWLRQDO�DFWV�DUH�DQ�LPSRUWDQW�VRXUFH�RI�ULVN�WR�LQIRUPDWLRQ�DVVHWV�HVSHFLDOO\�ZLWK�
WKH� FXUUHQW� FKDOOHQJHV� EURXJKW� E\� WKH� VRFLDO� PHGLD� SKHQRPHQD�� %ULQJ� <RXU� 2ZQ�
'HYLFHV� �%<2'�� WR� RIILFH�� DQG� VRFLDO� HQJLQHHULQJ� DWWDFNV�� ,W� LV� DFNQRZOHGJHG� WKDW�
WHFKQRORJ\� DORQH� FDQQRW� JXDUDQWHH� D� VHFXUH� HQYLURQPHQW� IRU� LQIRUPDWLRQ� DVVHWV��
$SSURSULDWH� ULVN� DQDO\VLV�� PRQLWRULQJ� DQG� DXGLWLQJ� RI� WHFKQRORJ\�� RUJDQL]DWLRQDO�
FXOWXUH��SHRSOH�DQG�SURFHGXUHV�DUH�FUXFLDO�VWUDWHJLHV�LQ�FRQGXFWLQJ�LQIRUPDWLRQ�VHFXULW\�
PDQDJHPHQW��7KLV�SDSHU�DLPHG�WR�LGHQWLI\�KXPDQ�HUURUV�DQG�EHKDYLRXUDO�DFWLYLWLHV�LQ�
GDLO\� MRE� DFWLYLWLHV� WKDW� DUH� H[SRVHG� WR� FXUUHQW� VHFXULW\� EUHDFKHV�� 7KH� PLWLJDWLRQ�
VWUDWHJLHV�IRU�FXUUHQW�WKUHDWV�SRVHG�E\�XQLQWHQWLRQDO�LQVLGHU�DFWLYLWLHV�GLVFXVVHG�LQ�WKLV�
SDSHU�DWWHPSW�WR�VKHG�VRPH�OLJKW�IRU�ERWK��DFDGHPLFV�DQG�SUDFWLWLRQHUV�����

.H\ZRUGV��8QLQWHQWLRQDO�,QVLGHU�WKUHDW��RPLVVLYH�VHFXULW\�EHKDYLRXU��KXPDQ�
EHKDYLRXU��LQIRUPDWLRQ�OHDNV����
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�������� 3RZHU�%XGJHW�$QDO\VLV�RI�3URSRVHG�+LJK�'DWD�5DWH�%DVHG�1H[W�
*HQHUDWLRQ�321���$UFKLWHFWXUH�6XSSRUWLQJ�+LJK�6SOLW�5DWLR�

$KPHG�0XGGDVVLU�.KDQ��6\HG�+\GHU�$EEDV�0XVDYL��$UHH]�.KDOLO�0HPRQ��=DKLG�
$OL�$UDLQ����6\HG�6KDK]DLE�6DPL��6DMLG�$KPHG��)DL]DQ�XU�5HKPDQ���$PHHU�

XU5HKPDQ�6KHLNK�
,QGXV�8QLYHUVLW\��.DUDFKL��3DNLVWDQ�

DKPHG�PXGGDVVLU#LQGXV�HGX�SN��GHDQ#LQGXV�HGX�SN��DUHH]�PHPRQ#LQGXV�HGX�SN��
DUDLQ�]DKLG#LQGXV�HGX�SN��VKDK]HE�VDPL#LQGXV�HGX�SN��VDMLG�DKPHG#LQGXV�HGX�SN��

IDL]DQ�UHKPDQ#LQGXV�HGX�SN��VKHLNK�DPHHU#LQGXV�HGX�SN�

$EVWUDFW��7R�FRSH�XS�ZLWK�WKH�FKDOOHQJHV�RI�KLJK�GDWD�UDWH�WUDQVPLVVLRQ�WHFKQLTXHV�LQ�
DFFHVV�QHWZRUNV��ZH� KDYH�SURSRVHG� DQG�DQDO\]HG�DQ�1*321���EDVHG�DUFKLWHFWXUH��
ZKLFK� FDQ� VXSSRUW� ��*ESV� WUDQVPLVVLRQ� HPSOR\LQJ� 'LIIHUHQWLDO� 4XDGUDWXUH� 3KDVH�
6KLIW�.H\LQJ��'436.��PRGXODWLRQ�LQ�GRZQVWUHDP�ZLWK���*ESV�WUDQVPLVVLRQ�KDYLQJ�
,QYHUVH�5HWXUQ�WR�=HUR��,5=��PRGXODWLRQ�LQ�XSVWUHDP��7KH�SURSRVHG�GHVLJQ�KDV�EHHQ�
WKRURXJKO\�DQDO\]HG�XQGHU�VWDQGDUG�WUDQVPLVVLRQ�SDUDPHWHUV�LQ�VLPXODWLRQ�IRU�1*321�
��QHWZRUN��7UDQVPLVVLRQ�SHUIRUPDQFH�KDV�EHHQ�LQYHVWLJDWHG�RQ�WKH�EDVLV�RI�%LW�HUURU�
UDWH��%(5��DW�UHFHLYHU�DQG�SRZHU�EXGJHW�DQDO\VLV�WKURXJK�UHFHLYHG�SRZHU�DW�GLIIHUHQW�
WUDQVPLVVLRQ�VWDJHV�LQ�SURSRVHG�GHVLJQ�DW����.P�ILEHU��,W�LV�HYLGHQW�IURP�UHVXOWV�WKDW�
SURSRVHG�GHVLJQ�LV�D�IHDVLEOH�VROXWLRQ�IRU�KLJK�GDWD�UDWH�WUDQVPLVVLRQ�ZLWK�ODUJH�SRZHU�
VSOLWWLQJ�UDWLR�ZKLFK�DUH�XOWLPDWH�GHPDQGV�LQ�QH[W�JHQHUDWLRQ�DFFHVV�WHFKQRORJ\�����

.H\ZRUGV��1*�321���'436.��,5=��)%*�
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�������� $�6WDQGDUG�0HWKRGRORJ\�WR�$VVLJQ�&RJQLWLYH�:HLJKWV�WR�&RPSXWH�WKH�
&RJQLWLYH�

&RPSOH[LW\�RI�D�6RIWZDUH

'��5��:LMHQGUD��.��3��+HZDJDPDJH��
6UL�/DQND�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\�0DODEH��6UL�/DQND��

8QLYHUVLW\�RI�&RORPER��6UL�/DQND��GLQXND�Z#VOLLW�ON��
NSK#XFVF�FPE�DF�ON�

$EVWUDFW�&RJQLWLYH�FRPSOH[LW\�RI�D� VRIWZDUH�GHWHUPLQHV�KRZ� WKH�KXPDQ�EUDLQ� FDQ�
LGHQWLILHV� WKH� LQWHUQDO� ORJLF�RI� WKH� VRXUFH� FRGH��ZKLFK� LV� D� VXEMHFWLYH�PHDVXUHPHQW��
$OWKRXJK�LW�KDV�EHHQ�FRPSXWHG�WKURXJK�DVVLJQLQJ�FRJQLWLYH�ZHLJKWV�WR�HDFK�SLHFH�RI�
LQIRUPDWLRQ��ZKLFK� WKH\� DUH� QRW� YDOLGDWHG� WKURXJK� D� VWDQGDUG� PHWKRGRORJ\�� ,Q� WKLV�
SDSHU��WKH�FRJQLWLYH�ZHLJKW�GLVWULEXWLRQ�DQG�WKHLU�UHODWLRQ�ZLWK�UHVSHFWLYH�WR�WKH�%DVLF�
&RQWURO� 6WUXFWXUHV� KDYH� EHHQ� DQDO\]HG�ZLWK� D� TXHVWLRQQDLUH� JLYHQ� WR� GLIIHUHQW� XVHU�
FDWHJRULHV�� )XUWKHUPRUH�� SRVVLEOH� IDFWRUV� ZKLFK� DIIHFW� WR� FRPSXWH� WKH� FRJQLWLYH�
FRPSOH[LW\� KDV� EHHQ� GLVFXVVHG�� ZKLFK� GRHV� QRW� OLPLW� RQO\� XS� WR� WKH� DPRXQW� RI�
LQIRUPDWLRQ�LQ�WKH�JLYHQ�VRIWZDUH�����

.H\ZRUGV� &RJQLWLYH� FRPSOH[LW\�� &RJQLWLYH� ZHLJKWV�� %DVLF� &RQWURO� 6WUXFWXUHV��
6RIWZDUH��6RXUFH�FRGH�
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����� %HKDYLRU�VWXG\�RI�6,3�RQ�,3�0XOWLPHGLD�6XEV\VWHP�DUFKLWHFWXUH�
03/6�DV�7UDQVSRUW�/D\HU�

)D\FDO�%(16$/$+����1DMLE�(/�.$0281��0XVWDSKD�(O�+DP]DRXL�$\RXE�
%DKQDVVH���

)DFXOW\�RI�VFLHQFHV�(O�-DGLGD��8QLYHUVLW\�&KRXDLE�'RXNNDOL��0RURFFR�������
)DFXOW\�RI�6FLHQFHV�%HQ�0¶VLN��8QLYHUVLW\�+DVVDQ�,,��&DVDEODQFD��0RURFFR����
^I�EHQVDODK��HONDPRXQ�(OKDP]DRXL�P`#XFG�DF�PD��D�EDKQDVVH#JPDLO�FRP��

$EVWUDFW��,3�0XOWLPHGLD�6XEV\VWHP��,06��LV�WKH�PRGXODU�DUFKLWHFWXUH�WKDW�SURYLGHV�
XVHUV� ZLWK� UHOLDEOH� DFFHVV� WR� PXOWLPHGLD� VHUYLFHV� �YRLFH�� YLGHR� FRQIHUHQFLQJ��
LQWHUDFWLYH�VHUYLFHV��HWF����+RZHYHU��TXDOLW\�RI�VHUYLFH��4R6��DQG�VHFXULW\�DUH�RQH�RI�
WKH� PDLQ� FRQFHUQV� RI� RSHUDWRUV� ZKHQ� LW� FRPHV� WR� PXOWLPHGLD� VHUYLFHV�� 7KH�
0XOWL3URWRFRO�/DEHO�6ZLWFKLQJ��03/6��SURWRFRO�HQVXUHV�WKHVH�WZR�EDVLF�QHHGV��,06�
LV� SULPDULO\� EDVHG� RQ� WKH� 6HVVLRQ� ,QLWLDWLRQ� 3URWRFRO� �6,3�� IRU� �L�� URXWLQJ�� �LL��
HVWDEOLVKLQJ���LLL��PRGLI\LQJ��DQG��LY��FORVLQJ�D�PXOWLPHGLD�VHVVLRQ��7KH�6,3�SURWRFRO�
UHSUHVHQWV�WKH�PRVW�LQIOXHQWLDO�SURWRFRO�LQ�WKH�,06�DUFKLWHFWXUH��7KH�REMHFWLYH�RI�WKLV�
SDSHU�LV�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�6,3�SURWRFROV�LQ�DQ�,06�DUFKLWHFWXUH�ZLWK�
WKH�03/6�SURWRFRO�DV�WKH�WUDQVSRUW�OD\HU�SURWRFRO��7KH�HYDOXDWLRQ�ZLOO�IRFXV�RQ���,��WKH�
LPSDFW�RI�WKH�QXPEHU�RI�FRQQHFWLRQV�RQ�WKH�GXUDWLRQ�RI�6,3�VHVVLRQ�HVWDEOLVKPHQW�DQG�
�,L��WKH�LPSDFW�RI�WKH�QXPEHU�RI�XVHUV�RQ�WKH�SHUIRUPDQFHV�RI�,06�VHUYLFHV��92,3�DQG�
9LGHRFRQIHUHQFLQJ����

.H\ZRUGV��,06��1*1��03/6��6,3��0XOWLPHGLD�QHWZRUNV��



ϰϰ�ͮ�W Ă Ő Ğ

������ )RJ�&RPSXWLQJ�DQG�,QWHUQHW�RI�7KLQJV��$UFKLWHFWXUH��$SSOLFDWLRQV�
DQG�

&KDOOHQJHV

0�8��)DURRT��0XKDPPDG�:DVHHP���0�7��4DGUL�
3$)�.DUDFKL�,QVWLWXWH�RI�(FRQRPLFV�DQG�7HFKQRORJ\��3DNLVWDQ��
6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��3DNLVWDQ��

PXIDURRTT#JPDLO�FRP��HQJUPZDVHHP#JPDLO�FRP��PWDKLUT#KRWPDLO�FRP�

$EVWUDFW�,QWHUQHW�RI�7KLQJV��,R7��LV�D�QHWZRUN�RI�LQWHUFRQQHFWHG�SK\VLFDO�GHYLFHV�DQG�
VHQVRUV�DURXQG�XV��,W�KDV�WKH�SRZHU�WR�EULQJ�VR�PDQ\�LQQRYDWLRQV�LQ�WKLV�ZRUOG�ZKLFK�
FDQ�HQKDQFH�WKH�TXDOLW\�RI�OLIH��+RZHYHU��LW�JHQHUDWHV�D�VKHHU�DPRXQW�RI�GDWD�ZKLFK�
PDNHV�LW�GLIILFXOW�IRU�WKH�H[LVWLQJ�V\VWHPV�OLNH�HGJH�DQG�FORXG�FRPSXWLQJ�WR�KDQGOH��
)RJ�&RPSXWLQJ�V\VWHP�LV�DQ�HPHUJLQJ�FRQFHSW�WKDW�EULQJV�VWRUDJH��FRPSXWDWLRQ�DQG�
FRPPXQLFDWLRQ�QHDU�WKH�HQG�XVHU��,W�H[WHQGV�WKH�FORXG�FRPSXWLQJ�V\VWHP�E\�SURYLGLQJ�
YLUWXDOL]DWLRQ�DQG�ORFDWLRQ�DZDUH�UHVRXUFHV�WR�WKH�XVHUV�ZLWK�D�VSHFLDO�IRFXV�RQ�ODWHQF\��
,Q�WKLV�SDSHU��WKH�OLPLWDWLRQV�RI�WKH�SUHYLRXV�FRPSXWLQJ�V\VWHPV�DQG�WKH�FKDUDFWHULVWLFV�
RI� WKH�)RJ�&RPSXWLQJ� V\VWHP� DUH� GLVFXVVHG��$Q�DUFKLWHFWXUH� IRU� WKH� V\VWHP� LV� DOVR�
GLVFXVVHG�DORQJ�ZLWK�LWV�ZLGH�UDQJH�RI�SRVVLEOH�DSSOLFDWLRQV�LQ�WKH�,R7�SDUDGLJP��7KH�
GLVFXVVLRQ�LV�WKHQ�IXUWKHU�H[WHQGHG�WRZDUGV�D�GHWDLOHG�DQDO\VLV�RI�WKH�IHDVLELOLW\�RI�WKH�
QHZ�V\VWHP�FRQVLGHULQJ�LWV�UHOLDELOLW\��/DVWO\��WKH�PDLQ�FKDOOHQJHV�IDFHG�E\�WKLV�V\VWHP�
DUH�KLJKOLJKWHG�DQG�IXWXUH�UHVHDUFK�GLUHFWLRQV�IRU�WKH�QHZ�FRPSXWLQJ�V\VWHP�DUH�DOVR�
RXWOLQHG�����

.H\ZRUGV��)RJ�&RPSXWLQJ��,QWHUQHW�RI�7KLQJV��&ORXG�&RPSXWLQJ��(GJH�&RPSXWLQJ��
)RJ��,R7�
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������ /$$�EDVHG�/%7�$GDSWLYH�&KDQQHO�$FFHVV�0HWKRGV�IRU�/7(�8�
V\VWHPV�

6XJDQ\D�6��,QGXUDQL�1�5��
&�0�5�,QVWLWXWH�RI�7HFKQRORJ\��%DQJDORUH��,QGLD��VXJDQ\D�VHQWKLO����#JPDLO�FRP��

LQGXUDQLQU#JPDLO�FRP�

$EVWUDFW�� /RQJ� 7HUP� (YROXWLRQ� �/7(�� V\VWHP� LV� FRQIURQWHG� ZLWK� PRUH� GDWD� UDWH�
FKDOOHQJLQJ�VHUYLFHV�DQG�JURZLQJ�DPRXQW�RI�PRELOH�SKRQHV�DUH�ORRNLQJ�WR�H[SORLW�WKH�
OLFHQVH� IUHH� EDQGV� ZKLFK� LV� FXUUHQWO\� XVHG� E\�:L�)L�� ,Q� WKLV� SDSHU�� ZH� HVWLPDWH� D�
SHUIRUPDQFH�RI�WKH�WZR�UHFHQWO\�SURSRVHG��*33�0$&�DQG�:L�)L�EDVHG�PHWKRGV�XQGHU�
YDULHG�VFHQDULR�E\�YDULRXV�SDUDPHWHU�FRQILJXUDWLRQV��7KHQ�DVVHVVPHQW�FDQ�FDUULHG�RXW�
GXULQJ� VLPXODWLRQ� DQG�PHDVXUHG� SDUDPHWHUV� VXFK� DV� -DLQ¶V� IDLUQHVV� LQGH[� �),�� DQG�
DFFHVV� RSSRUWXQLWLHV� DWWDLQHG� IROORZLQJ� PXOWL�FRPSHWLWLRQV� RQ� VKDUHG� FKDQQHO�� ,Q�
DGGLWLRQ��SURSRVHG�WZR�0$&�PHWKRGV�WUDQVIHUUHG�WR�DV�LPSURYHG�/%(��(�/%(��DOVR�
LPSURYHG�)%(��(�)%(��DQG�DSSUDLVH�DQG�HYDOXDWH�WKHLU�SHUIRUPDQFH�E\��*33�0$&�
PHWKRGV����

.H\ZRUGV��/7(�8�V\VWHP��/%(��)%(�DQG�-DLQ¶V�IDLUQHVV�LQGH[�
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���
$�/RJJLQJ�6FKHPH�IRU�5HGXFLQJ�8SGDWH�:RUNORDGV�LQ�)ODVK�6WRUDJH

���6HRQJ�&KDH�/LP��+\XFN�+DQ��&KDQJ�6XS�3DUN�
'RQJGXN�:RPHQ¶V�8QLYHUVLW\��6RXWK�.RUHD��
^VFOLP��KK\XFN����FVSDUN`#GRQJGXN�DF�NU�

$EVWUDFW %\�FDFKLQJ�GLUW\�SDJHV�LQ�PHPRU\�VSDFH�RI�WKH�EXIIHULQJ�SRRO��D�GDWDEDVH�
V\VWHP� FDQ� UHGXFH� SK\VLFDO� ,�2¶V� UHTXLUHG� IRU� SDJH� XSGDWHV�� ,I� DQ\� GLUW\� SDJH� KDV�
FRQVWDQW�XSGDWHV�RQ�LWVHOI��LW�FDQ�VWD\�ORQJ�LQ�WKH�EXIIHULQJ�SRRO�ZLWKRXW�EHLQJ�IOXVKHG��
$OWKRXJK�WKH�H[LVWHQFH�RI�VXFK�DJHG�GLUW\�SDJHV�FDQ�UHGXFH�XSGDWHV�LQ�VWRUDJH��LW�LV�DSW�
WR�SURORQJ� WKH� WLPH� IRU� UHFRYHU\� DIWHU� V\VWHP� IDLOXUH�� 7R�SUHYHQW� GHOD\HG� UHFRYHU\�
WLPHV�� PDQ\� GDWDEDVH� V\VWHPV� WDNH� DQ� DSSURDFK� IOXVKLQJ� DJHG� GLUW\� SDJHV� LQ� D�
EDFNJURXQG�PRGH��(YHQ�WKRXJK�WKH�DSSURDFK�PD\�EH�EHQHILFLDO�LQ�WKH�FDVH�RI�+''�
VWRUDJH�WKLV�PD\�QRW�EH�WKH�FDVH�IRU�IODVK�VWRUDJH�EHFDXVH�RI�LWV�KLJK�XSGDWH�FRVW��7R�
VROYH� WKH� SUREOHP� LQ� IODVK�� ZH� SURSRVHG� D� QHZ� ORJJLQJ� VFKHPH� DQG� D� UHFRYHU\�
DOJRULWKP�ZRUNLQJ�ZLWK�LW��6LQFH�DJHG�GLUW\�SDJHV�LQ�RXU�PHWKRG�DUH�ZULWWHQ�LQWR�D�ORJ�
ILOH��UDWKHU�WKDQ�LQWR�GDWD�DUHD�LQ�VWRUDJH��ZH�FDQ�HYDGH�XSGDWLQJ�RI�WKHP��7R�UHGXFH�
WKH�VL]H�RI�ORJ�GDWD�WR�EH�ZULWWHQ�IRU�WKDW�SXUSRVH��RXU�ORJJLQJ�VFKHPH�ZULWHV�D�VPDOO�
VL]H�RI�VQDSVKRW�ORJ��6LQFH�WKH�ZULWH�RI�D�VQDSVKRW�ORJ�UHFRUG�FDQ�SXW� WKH�UHGR�VWDUW�
SRLQW�IRUZDUGV��ZH�FDQ�JXDUDQWHH�WKH�IDVW�UHFRYHU\�WLPH��ZLWKRXW�XSGDWH�RSHUDWLRQV��
'XH�WR�UHGXFHG�XSGDWH�ZRUNORDGV��RXU�PHWKRG�FDQ�LPSURYH�WKH�RYHUDOO�WKURXJKSXW�RI�
IODVK�VWRUDJH����

.H\ZRUGV��IODVK�PHPRU\��GDWDEDVH�UHFRYHU\��ORJJLQJ�DOJRULWKP��VWRUDJH�V\VWHP�



ϰϳ�ͮ�W Ă Ő Ğ

���� 4XDOLILHG�$QDO\VLV�RI�'60&�RYHU�60&�IRU�%RRVW�&RQYHUWHU�

9LML�.��'U��$QLO�.XPDU��'U��1DJDUDM�5
7KH�2[IRUG�&ROOHJH�RI�(QJLQHHULQJ��%DQJDORUH��,QGLD

$PLW\�6FKRRO�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��/XFNQRZ��,QGLD
7KH�2[IRUG�(GXFDWLRQDO�,QVWLWXWLRQV��%DQJDORUH��,QGLD�
NYLMLSHUXPDO#JPDLO�FRP��DNXPDU�#ONR�DPLW\�HGX����

QDJDUDM�UDPUDR#JPDLO�FRP

$EVWUDFW $� TXDOLILHG� DQDO\VLV� RI� 'LVFUHWH� 6OLGLQJ�0RGH� &RQWUROOHU� �'60&�� RYHU�
6OLGLQJ�0RGH�&RQWUROOHU��60&��IRU�GF�GF�ERRVW�&RQYHUWHU�LV�GHVFULEHG��7KH�V\VWHP�LV�
ILUVW� GHVLJQHG� ZLWK� 60&� ZLWK� LQQHU� FXUUHQW� ORRS� DQG� RXWHU� YROWDJH� ORRS� FRQWURO��
VHFRQGO\�ZLWK�WKH�KHOS�RI�VDPSOH�DQG�KROG�FLUFXLW�SDUDPHWHUV�DUH�VDPSOHG�DQG�'60&�
LV�XVHG�WR�UHJXODWH�WKH�RXWSXW�YROWDJH��%RWK�WKH�FDVHV�RXWSXW�YROWDJH�LV�UHJXODWHG�DQG�
WKHLU� UHVSRQVH� LV� DQDO\]HG� IRU� WKH� VWHS� FKDQJH� LQ� LQSXW� WR� SURYH� UREXVWQHVV� RI� WKH�
FRQWUROOHU�� � 7KH� PDLQ� DLP� LV� WR� DQDO\]H� WKH� ERRVW� FRQYHUWHU� WR� SURYH� LWV� YROWDJH�
UHJXODWLRQ�� WR�SURYH� WKH� UREXVWQHVV�RI� WKH� FRQWUROOHU�E\�JLYLQJ� VWHS� LQSXW�� WR�REWDLQ�
LPSURYHG� UDWH� RI� UHVSRQVH� ZLWK� EHWWHU� HIILFLHQF\� DQG� WR� RYHUFRPH� WKH� FKDWWHULQJ�
SKHQRPHQRQ�� 7KH� LPSOHPHQWDWLRQ� RI� '60&� LV� VLPSOH� ZKLFK� HOLPLQDWHV� WKH�
UHTXLUHPHQW�RI�$'&�DQG�KDV�IOH[LEOH�FRQWURO�FKDUDFWHULVWLFV�IRU�SDUDPHWHU�YDULDWLRQ�VR�
WKDW�WKH�RYHUDOO�V\VWHP�LV�HIILFLHQW�	�FRVW�HIIHFWLYH���

.H\ZRUGV�� 'LVFUHWH� 6OLGLQJ� 0RGH� &RQWUROOHU�� 6OLGLQJ� 0RGH� &RQWUROOHU�� '&�'&�
&RQYHUWHU��%RRVW�&RQYHUWHU����
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����� :DYHOHQJWK�VHOHFWLYLW\�XVLQJ�$GDSWLYH�6KRUWHVW�3DWK�$OJRULWKP�IRU�
RSWLFDO 1HWZRUN�

3LUXWKLYLUDM�3��3UHHWD�6KDUDQ���1DJDUDM�5DPUDR�
7KH�2[IRUG�(GXFDWLRQDO�,QVWLWXWLRQV��%DQJDORUH
SULWKLYL�HLH#JPDLO�FRP�VKDUDQSUHHWD#JPDLO�FRP��

QDJDUDM�UDPUDR#JPDLO�FRP

$EVWUDFW��5RXWLQJ� SUREOHP� � DQG� ZDYHOHQJWK� $VVLJQPHQW� SUREOHP� LV� IRXQG� LQ� WKH�
G\QDPLF�DOO�RSWLFDO�1HWZRUN�ZKLFK�SOD\V�D�YHU\�LPSRUWDQW�UROH��IRU�WKH�RSWLFDO�
7UDQVSRUW�OD\HU�1HWZRUN�DQG�LW�LV�VROYHG�E\�PLQLPL]LQJ�WKH�FRQQHFWLRQ�EORFNLQJ�VLQFH�
WKH�JURRPLQJ�DGDSWLYH�VKRUWHVW�SDWK�DOJRULWKP�VKRZV�WKH�FRPSDUDEO\�EHWWHU�UHVXOWV�LQ�
WHUPV�RI��WKH�FDOFXODWLRQ�WR�ILQG�EORFNLQJ�SUREDELOLW\��7KH�VKRUWHVW�SDWK�DOJRULWKP�
XVHG�LQ�WKLV�SDSHU�FRQWDLQV�WKH�SUHVHQW�QHWZRUN�VWDWH�LQIRUPDWLRQ�DQG�HDFK�QRGH�
FUHDWHV�D�VKRUWHVW�SDWK�WUHH�WRZDUGV�WKH�DOO�RWKHU�QRGHV�ZKLFK�IRUPV�D�QRGH�SDLU�E\�
FRQQHFWLQJ�HDFK�EUDQFK�LQ�WKH�WUHH��$GDSWLYH�6KRUWHVW�3DWK�$OJRULWKP�ZLOO�ILQG�WKH�
VKRUWHVW�SDWK�WKURXJKRXW�WKH�QHWZRUN�SDWK�DQG�LW�FKRRVHV�WKH�EHVW�SDWK�IURP�WKH�
DYDLODEOH�VRXUFHGHVWLQDWLRQ��&RQVLGHULQJ�WKH�QXPEHU�RI�QRGHV�DV����DQG�FRPSDULQJ�
IRU�GLIIHUHQW�WRSRORJ\�LW�KDV�EHHQ�REVHUYHG�WKDW�WKH�ZDYHOHQJWK�XVDJH�LQ�HDFK�QRGH�
YDULHV�ZLWK�UHVSHFW�WR�GLIIHUHQW�WRSRORJ\��$GGLWLRQDOO\�D�FRPSDUDWLYH�VWXG\�RI�
:DYHOHQJWK�XVDJH�KDV�EHHQ�DFKLHYHG�IRU�WRSRORJLHV�OLNH�5DQGRP��5LQJ�DQG�7UHH���

.H\ZRUGV� $GDSWLYH� 6KRUWHVW� 3DWK� $OJRULWKP�� %ORFNLQJ� 3UREDELOLW\�� 7RSRORJ\��
:DYHOHQJWK�DVVLJQPHQW���
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������ /HDUQLQJ�3DWK�3HUVRQDOL]DWLRQ�$FFRUGLQJ�WR�WKH�/HDUQLQJ�6W\OHV�DQG�
.QRZOHGJH�/HYHO�

*XQDWKLODND�7��0��$��8�
5DMDUDWD�8QLYHUVLW\�RI�6UL�/DQND��0LKLQWDOH��������6UL�/DQND�

)HUQDQGR�0��6��'�
8QLYHUVLW\�RI�0RUDWXZD��.DWXEHGGD��6UL�/DQND�

3DVTXDO�+�
2SHQ�8QLYHUVLW\�RI�6UL�/DQND��1DZDOD��6UL�/DQND

DQXSDPD���#DV�UMW�DF�ON�VKDQWKD#FVH�PUW�DF�ON�KSDVT#RX�DF�ON

$EVWUDFW 7KH�7UDGLWLRQDO�SHGDJRJLFDO�DSSURDFKHV�RI� OHDUQLQJ�DUH�PRVWO\� LQVWUXFWRU�
FHQWHUHG��6LQFH� WKH�VWXGHQWV�RU� WKH� OHDUQHUV� DUH� LQGLYLGXDOO\� LQ�GLIIHUHQW�NQRZOHGJH�
OHYHOV��RIWHQ��WKH\�DUH�XQDEOH�WR�REWDLQ�WKH�HIIHFWLYH�XVDJH�RI�WKH�WHDFKLQJ�PHWKRGV�WR�
LPSURYH� WKHLU�NQRZOHGJH�DOLNH��$OWKRXJK� WKH� LQWHUDFWLYH�PHFKDQLVPV�DUH�SUHVHQWHG�
ZLWK�PRGHUQ�H�OHDUQLQJ�VROXWLRQV��PHFKDQLVPV�RQ�SD\LQJ�FRQFHQWUDWLRQ�RQ�WKH�GHOLYHU\�
RI� OHDUQLQJ� PDWHULDOV� WDUJHWLQJ� RQ� HDFK� LQGLYLGXDO� VWXGHQW� VHSDUDWHO\� IRU� HTXDO�
NQRZOHGJH�GLVWULEXWLRQ�DUH�YHU\�UDUH��$V�D�VROXWLRQ�WR�GLVWULEXWH�WKH�OHDUQLQJ�SURFHVV�
LQ�D�ZD\�WR�REWDLQ�WKH�NQRZOHGJH�E\�WKH�VWXGHQWV�HTXDOO\��WKLV�UHVHDUFK�LV�FDUULHG�RXW�
WR�SHUVRQDOL]H�WKH�OHDUQLQJ�PDWHULDO�GHOLYHU\�DPRQJ�WKH�LQGLYLGXDO�VWXGHQWV�DFFRUGLQJ�
WR�WKHLU�RZQ�VWDWLF�DQG�G\QDPLF�OHDUQLQJ�EHKDYLRUV�DQG�WKH�FXUUHQW�NQRZOHGJH�OHYHO��
7KH�PDLQ� REMHFWLYH� LV� WR� UHFXUVLYHO\�SHUVRQDOL]H� WKH� OHDUQLQJ� SDWK� DFFRUGLQJ� WR� WKH�
G\QDPLFDOO\�FKDQJLQJ�OHDUQLQJ�VW\OHV�RI�WKH�VWXGHQW�IRU�FRQWLQXRXV�GHOLYHU\�RI�OHDUQLQJ�
PDWHULDOV�DQG�HYDOXDWLRQ�RI�WKHLU�SHUIRUPDQFH�XQWLO�WKH�H[SHFWHG�OHVVRQ�REMHFWLYHV�DUH�
VDWLVILHG�E\�WKH�VWXGHQW�����

.H\ZRUGV��/HDUQLQJ�%HKDYLRU��/HDUQLQJ�3HUVRQDOL]DWLRQ��2EMHFWLYH�6HWWLQJ��
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����� 6FDOLQJ�RI�6XSSO\�9ROWDJH�LQ�'HVLJQ�RI�(QHUJ\�6DYHU�),5�)LOWHU�RQ�
��QP�)3*$�

%LVKZDMHHW�3DQGH\��9LVKDO�-DLQ��5DVKPL�6KDUPD��0UDJDQJ�<DGDY�'�0�$NEDU�
+XVVDLQ�

&HQWHU�RI�(QHUJ\�([FHOOHQFH�*\DQFLW\�5HVHDUFK�/DE�*XUJDRQ��,QGLD��
�'HSDUWPHQW�RI�(QHUJ\�7HFKQRORJ\�$DOERUJ�8QLYHUVLW\�(VEMHUJ��'HQPDUN��

J\DQFLW\#J\DQFLW\�FRP��PFD�EYLFDP#JPDLO�FRP��UDVKPLVKDUPD����#JPDLO�FRP��
PUDJDQJMHF#JPDLO�FRP��DNK#HW�DDX�GN�

$EVWUDFW²,Q�WKLV�ZRUN��ZH�DUH�JRLQJ�WR�DQDO\]H� WKH�HIIHFW�RI�PDLQ�VXSSO\�YROWDJH��
DX[LOLDU\�VXSSO\�YROWDJH��ORFDO�YROWDJH�RI�GLIIHUHQW�SRZHU�EDQN��DQG�VXSSO\�YROWDJH�LQ�
*7;�WUDQVFHLYHU�DQG�%5$0�RQ�SRZHU�GLVVLSDWLRQ�RI�RXU�),5�GHVLJQ�XVLQJ�9HULORJ�
GXULQJ�LPSOHPHQWDWLRQ�RQ���QP�)3*$��:H�KDYH�DOVR�WDNHQ�WKUHH�GLIIHUHQW� OHYHO�RI�
YROWDJH�ZLWK����,2�VWDQGDUGV�DQG�ZH�JHW�WKUHH�GLIIHUHQW�SRZHU�DQDO\VLV� IRU�HDFK�,2�
6WDQGDUGV��,2�SRZHU�GLVVLSDWLRQ�RI�),5�ILOWHU�LV����P:�ZLWK�667/B��B,,�,2�VWDQGDUG��
:KHQ� ZH� PLJUDWH� RXU� GHVLJQ� ZLWK� +67/B,�� +68/B���� /9&026���� /977/�
02%,/(B''5��DQG�3&,��B��,2�VWDQGDUGV�WKHQ�WKHUH�LV����������������������
�������������DQG��������UHGXFWLRQ�LQ�,2�SRZHU�GLVVLSDWLRQ�RI�),5�)LOWHU�GHVLJQ�RQ�
&6*����SDFNDJH�RI�$UWL[���)3*$�IDPLO\�����

.H\ZRUGV²6XSSO\� 9ROWDJH�� ,QSXW� 9ROWDJH�� 2XWSXW� 9ROWDJH�� $X[LOLDU\� 9ROWDJH��
3RZHU�'LVVLSDWLRQ��(QHUJ\�(IILFLHQW��),5�)LOWHU�
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������ 'HVLJQ�RI�(QHUJ\�(IILFLHQW�5HFHLYHU�DQG�7UDQVPLWWHU�IRU�2SWLFDO�

&RPPXQLFDWLRQ

6KLYDQL�0DGKRN��%LVKZDMHHW�3DQGH\��'�0�$NEDU�+XVVDLQ��%KDJZDQ�'DV��
0�)�/�$EGXOODK

*\DQFLW\�5HVHDUFK�/DE��-DPPX��,QGLD�
$DOERUJ�8QLYHUVLW\��(VEMHUJ��'HQPDUN���

87+0��0DOD\VLD
KH������#VLVZD�XWKP�HGX�P\��IDL]#XWKP�HGX�P\��VKLYDQLPDGKRN�#JPDLO�FRP��

J\DQFLW\#J\DQFLW\�FRP��DNK#HW�DDX�GN

$EVWUDFW��,Q�WKH�SDVW��WKH�PRGHV�RI�FRPPXQLFDWLRQ�ZHUH�ZLUHG��ZLUHOHVV�DQG�WKHQ�FDPH�
RSWLFDO� ILEHU�FRPPXQLFDWLRQ� LQWR�VFHQDULR��1RZDGD\V��D�QHZ�WHFKQRORJ\�KDYH�EHHQ�
LQWURGXFHG�NQRZQ�DV�)UHH�6SDFH�2SWLFV��)62��WKDW�XVHV�OLQH�RI�VLJKW�WHFKQRORJ\�ZKLFK�
XVHV�ODVHUV�DQG�SKRWR�GHWHFWRUV�WR�SURYLGH�RSWLFDO�FRQQHFWLRQ��,Q�WKLV�SDSHU��WKH�PDLQ�
DLP� RI� WKH� DXWKRU� LV� WR� GHVLJQ� DQ� HQHUJ\� HIILFLHQW� WUDQVFHLYHU� IRU� ZLUHOHVV� RSWLFDO�
FRPPXQLFDWLRQ��7KLV�SDSHU� FRQVLVWV�RI� D� WUDQVFHLYHU�GHVLJQ� WKDW� LV� LPSOHPHQWHG� RQ�
;LOLQ[�,6(�'HVLJQ�6XLWH������DQG�UHVXOWV�ZHUH�WHVWHG�RQ���QP�)3*$�SODWIRUP�WKDW�LV�
.LQWH[����2XU�GHVLJQ� LV�EDVHG�RQ���QP�)3*$�DQG� WKH�GHYLFH�XVHG� LV�;&�.���7��
SDFNDJH�XVHG�LV�)%*����DQG�LW�LV�ZRUNLQJ�RQ����VSHHG�JUDGH��7KH�DGYDQWDJHV�RI�)62�
RYHU�ILEUH�DUH�LW�SURYLGHV�XQOLPLWHG�EDQGZLGWK��IUHHGRP�IURP�OLFHQVLQJ��VSHHG�LV�YHU\�
KLJK��DQG�KLJK�ELW�UDWH��1RZDGD\V��ELW�UDWH�LV����*ESV�DQG�LQ�IXWXUH�LW�LV�H[SHFWHG�WR�EH�
��*ESV��,Q�WKLV�SDSHU�IUHTXHQF\�VFDOLQJ�WHFKQLTXH�LV�XVHG�DQG�IUHTXHQF\�LV�YDULHG�WR�
REWDLQ�SRZHU�FRQVXPSWLRQ�RI�WKH�7UDQVFHLYHU��$LUIORZ�KDV�EHHQ�NHSW�����/)0�DQG�
PHGLXP�+HDW�VLQN��3RZHU�KDV�EHHQ�DQDO\]HG�DW�GLIIHUHQW�WHPSHUDWXUH�UDQJH��$W�WKH�HQG�
LW�FDQ�FRQFOXGH�WKDW� WKH�PD[LPXP�SRZHU�FRQVXPSWLRQ�LV�DW�����*+]�IUHTXHQF\�DQG�
PLQLPXP�SRZHU�FRQVXPSWLRQ�LV�DW�����*+]��,Q�WHUPV�RI�WHPSHUDWXUH�PD[LPXP�SRZHU�
LV�FRQVXPHG�DW�����R&�DQG�PLQLPXP�LV�FRQVXPHG�DW���R&�����

.H\ZRUGV��(QHUJ\�(IILFLHQW��)UHH�6SDFH�2SWLFDO�&RPPXQLFDWLRQ��)3*$��
7UDQVPLWWHU��
5HFHLYHU��
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������ :LUHOHVV�3RZHU�7UDQVPLVVLRQ�6\VWHP�8VLQJ�0DJQHWLF�5HVRQDQW�
&RXSOLQJ�WR�

2SHUDWH�/RZ�3RZHU�'HYLFHV�

-DZDG�$OL�$UVKDG��$OL�$NEDU�6LGGLTXL��,PUDQ�$]L]��0RKVLQ�,TEDO�9RKUD��1RPDQ�
$KPHG�6LGGLTXL��0��7DKLU�4DGUL�

6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��3DNLVWDQ��
(PDLO��MDZZDGDOLDUVKDG#JPDLO�FRP��DOL���N#KRWPDLO�FRP��

,PUDQBD]L]���#KRWPDLO�FRP��QRPDQBVLG#KRWPDLO�FRP��PWDKLUT#KRWPDLO�FRP�

$EVWUDFW² ,Q�UHFHQW�\HDUV�WHFKQRORJ\�LV�HYROYLQJ�GD\�E\�GD\�DQG�LW�KDV�FKDQJHG�WKH�
HQWLUH�ZRUOG��:LUHOHVV�7UDQVPLVVLRQ�RI�SRZHU�LV�D�NLQG�RI�D�WHFKQRORJ\�WKDW�LV�XVHG�WR�
SRZHU�WKH�GHYLFH�ZLWKRXW�D�ZLUH�DQG�LW�LV�XVHIXO�ZKHUH�HOHFWULFDO�ZLUHV�DUH�KD]DUGRXV�
RU�LQFRQYHQLHQW��7KLV�WHFKQRORJ\�LV�FRPSDWLEOH�IRU�UHGXFLQJ�KHDY\�OLQH�ORVHV��,Q�RXU�
SURSRVHG�ZRUN��ZH�KDYH�GHVLJQHG�D�V\VWHP�EDVHG�RQ�WUDQVPLVVLRQ�RI�SRZHU�ZLUHOHVVO\�
WR�RSHUDWH�HOHFWURQLF�GHYLFHV�VXFK�DV�PRELOH�SKRQH��ODSWRS��/('�EXOEV��HWF��WKURXJK�
PDJQHWLF�UHVRQDQW�FRXSOLQJ��:H�XVHG�WZR�FRLO�RQH�LV�WUDQVPLWWHU�DQG�RWKHU�LV�UHFHLYHU�
PDJQHWLF� IOX[� LV�JHQHUDWHG� WKLV� FDXVHV�(0)� LV� LQGXFHG� LQ� UHFHLYLQJ� FRLO��0DJQHWLF�
UHVRQDQFH� FRXSOLQJ� LV� D� SKHQRPHQRQ� ZKHUH� WUDQVIHU� RI� SRZHU� LV� KLJKO\� HIILFLHQW�
EHWZHHQ�WKH�WUDQVPLWWHU�DQG�UHFHLYHU��,Q�FRQYHQWLRQDO� LQGXFWLYH�FRXSOLQJ��HIILFLHQF\�
GURSV�RII���

.H\ZRUGV²� 7ZR� FRLOV�� 0DJQHWLF� UHVRQDQFH� FRXSOLQJ�� 5R\HU� RVFLOODWRU�� YROWDJH�
UHJXODWRU��
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������ $�IDVW�DQG�HIILFLHQW�LPDJH�LQGH[LQJ�DQG�VHDUFK�V\VWHP�EDVHG�RQ�FRORU�
DQG�

WH[WXUH�IHDWXUHV�

(/�DURXVVL�(/�0HKGL��6LONDQ�+DVVDQ��(/KRXVVLI�1RXUGGLQH�
���)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�&KRDLE�'RXNNDOL�(O�-DGLGD�0RURFFR�'HSDUWPHQW�RI�
0DWKHPDWLFV�DQG�&RPSXWHU�6FLHQFH�/DERUDWRU\�/$0$3,��HODURXVVL�H#XFG�DF�PD��

6LONDQ�K�#XFG�DF�PD��HOKRXVVLI�Q#XFG�DF�PD�

$EVWUDFW�&RQWHQW�%DVHG�,PDJH�5HWULHYDO��&%,5��DOORZV�WR�DXWRPDWLFDOO\�H[WUDFWLQJ�
WDUJHW�LPDJHV�DFFRUGLQJ�WR�REMHFWLYH�YLVXDO�FRQWHQWV�RI�WKH�LPDJH�LWVHOI��5HSUHVHQWDWLRQ�
RI�YLVXDO�IHDWXUHV�DQG�VLPLODULW\�PDWFK�DUH�LPSRUWDQW�LVVXHV�LQ�&%,5��&RORU��WH[WXUH�
DQG� VKDSH� LQIRUPDWLRQ� KDYH� EHHQ� WKH� SULPLWLYH� LPDJH�GHVFULSWRUV� LQ� FRQWHQW�EDVHG�
LPDJH�UHWULHYDO�V\VWHPV��7KLV�SDSHU�SUHVHQWV�D�IDVW�DQG�HIILFLHQW�LPDJH�LQGH[LQJ�DQG�
VHDUFK�V\VWHP�EDVHG�RQ�FRORU�DQG�WH[WXUH�IHDWXUHV��7KH�FRORU�IHDWXUHV�DUH�UHSUHVHQWHG�
E\� FRPELQHV� ��'� KLVWRJUDP� DQG� VWDWLVWLFDO� PRPHQWV� DQG� WH[WXUH� IHDWXUHV� DUH�
UHSUHVHQWHG�E\�FRPELQHV�WKH�GLUHFWLRQ�PHDVXUH�DQG�D�JUD\�OHYHO�FR�RFFXUUHQFH�PDWUL[�
�*/&0����7KH�GHWDLOHG�H[SHULPHQWDO�DQDO\VLV�LV�FDUULHG�RXW�XVLQJ�SUHFLVLRQ�DQG�UHFDOO�
RQ�GDWDVHW�:DQJ��7KH�WLPH�DQDO\VLV�LV�DOVR�SHUIRUPHG�WR�FRPSDUH�SURFHVVLQJ�VSHHGV�
RI� WKH� SURSRVHG� PHWKRG� ZLWK� WKH� H[LVWLQJ� VLPLODU� EHVW�� 7KH� H[SHULPHQWDO� UHVXOWV�
GHPRQVWUDWHG� WKDW� SURSRVHG� PHWKRG� DFKLHYHG� D� EHWWHU� LPDJH� UHFRJQLWLRQ�� DQG� WKH�
DFFXUDF\�RI�FODVVLILFDWLRQ�EDVHG�RQ�WKLV�PHWKRG�KDV�EHHQ�VLJQLILFDQWO\�LPSURYHG��7KH�
SHUIRUPDQFH� LV� PHDVXUHG� LQ� WHUPV� RI� UHFDOO� DQG� SUHFLVLRQ�� DOVR� WKH� REWDLQHG�
SHUIRUPDQFHV�DUH�FRPSDUHG�ZLWK�VHYHUDO�VWDWH�RI�WKH�DUW�DOJRULWKPV�DQG�VKRZHG�WKDW�
RXU�DOJRULWKP�LV�VLPSOH��IDVW��DQG�HIILFLHQW�LQ�WHUPV�RI�UHVXOWV�DQG�PHPRU\�����

.H\ZRUGV�� &R�RFFXUUHQFH� PDWUL[�� */&0�� 'LUHFWLRQ� PHDVXUH�� ��'� KLVWRJUDP��
6WDWLVWLFDO�PRPHQWV��&%,5����
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������ 3UHGLFWLQJ�6HQWHQFH�8VLQJ�1�*UDP�/DQJXDJH�0RGHO�IRU�1HSDOL�7H[W

7HM�%DKDGXU�6KDKL��$QDQGD�.�&��
&HQWUDO�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�DQG�,QIRUPDWLRQ�7HFKQRORJ\��7ULEKXYDQ�

8QLYHUVLW\��.DWKPDQGX��1HSDO�
+HQU\�)RUG�FROOHJH��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�

WHMVKDKL����#JPDLO�FRP��&RUUHVSRQGLQJ�$XWKRU��DQDQGDNF#JPDLO�FRP�

$EVWUDFW��6HQWHQFH�FRPSOHWLRQ�LV�D�UHDO�WLPH�XELTXLWRXV�IHDWXUH�GLUHFWHG�WR�SUHGLFW�D�
VXFFHHGLQJ�ZRUGV�VHTXHQFH��LQDSSURSULDWH�FRPSOHWLRQ�RI�D�JLYHQ�LQLWLDO�WH[W�IUDJPHQW��
:LWK� WKH� V\VWHP� KDYLQJ� VHQWHQFH� FRPSOHWLRQ� IHDWXUHV�� XVHU� FDQ� UHWULHYH� � GHVLUHG��
LQIRUPDWLRQ��ZLWK��OLWWOH��NQRZOHGJH��RYHU��H[DFW�NH\ZRUGV��DQG��ZLWK��OHDVW��W\SLQJ��
HIIRUWV��7KLV�ZRUN�GHDOV�ZLWK�1�JUDP�PHWKRG�WR�SUHGLFW�WKH�UHPDLQLQJ�SDUW�RI�VHQWHQFH�
IRU�1HSDOL�ODQJXDJH�XVLQJ�9LWHUEL�DV�D�GHFRGLQJ�DOJRULWKP�XQGHU�VWDWLVWLFDO�PHWKRG��
%LJUDP�DQG�WULJUDP�ODQJXDJH�PRGHOV�DUH�H[SHULPHQWHG�DQG�UHVXOW�LV�DQDO\]HG��$V�D�
UHVXOW�� LW� LV� REVHUYHG� WKDW� 7ULJUDP� 3UHGLFWLRQ� 0RGHO� RXWSHUIRUPV� WKH� %LJUDP�
3UHGLFWLRQ�0RGHO�ZLWK�������KLJKHU�DFFXUDF\��+RZHYHU��WKH�WLPH�FRPSOH[LW\�WR�WUDLQ�
WKH� WULJUDP�PRGHO� LV�FRPSDUDWLYHO\�JUHDWHU� WKDQ� WKDW�RI�ELJUDP��7R�JHW�HYHQ�EHWWHU�
UHVXOW��WKLV�ZRUN�UHFRPPHQGV�WDNLQJ�D�ODUJH�FRUSXV�ZLWK�VXIILFLHQW�UHSHWLWLRQ�RI�ZRUGV�

.H\ZRUGV�� 1/3�� ,QIRUPDWLRQ� 5HWULHYDO� 6HQWHQFH� 3UHGLFDWLRQ��9LWHUEL� DOJRULWKP��1�
JUDP�DQG�1HSDOL�ODQJXDJH�PRGHO�
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����� 'HVLJQ�DQG�,PSOHPHQWDWLRQ�RI�*DXVVLDQ�)LOWHU�IRU�GH�QRLVLQJ�DQ�LPDJH�
ZLWK�

'LIIHUHQW�0DVN�6L]HV�RQ�)3*$�

'HHSDN�0�'��.DUWKLN�3�DQG�5DJKDYHQGUD�%�.�.66(0��%HQJDOXUX��
,QGLD��

$EVWUDFW� ,Q�WKLV�SDSHU��D�FOHDQ�LQSXW�LPDJH�LV�FRQVLGHUHG��,W�LV�VXEMHFWHG�WR�GLIIHUHQW�
SHUFHQWDJHV�RI�QRLV\�LPDJH�LV�UHFRYHUHG�E\�SDVVLQJ�WKH�LPDJH�WKURXJK�D�*DXVVLDQ�ILOWHU�
�;�� VL]H�� $� VOLGLQJ� ZLQGRZ� GHVLJQHG� KHUH� LV� RI� IRUPDW� DFFRUGLQJ� WR� WKH� PDVN�
GLPHQVLRQ��$�ORJDULWKP�PXOWLSOLHU�LV�GHVLJQHG�IRU�WKH�FRQYROXWLRQ�RI�LPDJH�DQG�PDVN��
$IWHU�GHVLJQLQJ�WKH�ILOWHU�ZLWK�DOO�IHDWXUHV�PHQWLRQHG�DERYH�LQ�;LOLQ[�LW�LV�LPSOHPHQWHG�
RQ�WKH�)3*$�XVLQJ�6\VWHP�*HQHUDWRU�WRRO���@��,QSXW�LPDJH�LV�GLUHFWO\�JLYHQ�WR�WKH�
EODFN�ER[�WKURXJK�LQSXW�EORFNV�RI�V\VWHP�JHQHUDWRU�DQG�UHDG�WKURXJK�RXWSXW�EORFNV�RI�
V\VWHP�JHQHUDWRU��7KLV�PDVN�LV�PDGH�WR�VOLGH�LPDJH�LV�REWDLQHG��3HUIRUPDQFH�RI�WKH�
ILOWHU�LV�DQDO\]HG�E\�VXEMHFWLQJ�WKH�ILOWHU�IRU�GLIIHUHQFH�PHDQ�DQG�YDULDQFH�YDOXHV��7KH�
SDSHU�LV�LPSOHPHQWHG�E\�XVLQJ�WKH�0$7/$%�VRIWZDUH�

.H\ZRUGV��6DOW�DQG�3HSSHU�QRLVH�>�����@��
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������ &KDVHU�5RERW�8VLQJ�0LFURVRIW�.LQHFW�6HQVRU�

6DUPDG�+DPHHG��+DNHHPXGGLQ�)DNKUXGGLQ��+X]HID�(]]L���0RKDPPDG�0RKVLQ��
0RH]�XO�+DVVDQ�

6=$%,67�'HSDUWPHQW�RI�0HFKDWURQLFV�(QJLQHHULQJ��.DUDFKL��6LQGK��3$.,67$1�
VDUPDG�KDPHHG#V]DELVW�HGX�SN��KDNHHP�I�HEV#JPDLO�FRP��KPI�H]]L#JPDLO�FRP��

PXKDPPDGQPRKVLQ#JPDLO�FRP��PRH]�KDVVDQ#V]DELVW�HGX�SN���

$EVWUDFW
,QWHOOLJHQW� URERWV� KDYH� GHYHORSHG� HQRUPRXVO\� LQ� WKH� ODVW� IHZ� \HDUV� DQG� KDYH� EHHQ�
SURJUHVVLYHO\� KHOSLQJ� KXPDQ� EHLQJV� WR� SHUIRUP� WDVNV� UDQJLQJ� IURP� KRXVHKROG� WR�
LQGXVWULDO��6FLHQWLVWV�DQG�UHVHDUFKHUV�DUH�FDUU\LQJ�RXW�YDULRXV�H[SHULPHQWV�WKURXJKRXW�
WKH�ZRUOG�HYHU\�GD\�WR�PDNH�D�URERW�ZKLFK�ZRXOG�RQH�GD\�DFW�FRUUHVSRQGLQJO\�OLNH�D�
KXPDQ�EHLQJ��7KLV�SDSHU�KLJKOLJKWV�WKH�WHFKQRORJ\�RI�DQ�,QWHOOLJHQW�+XPDQ�)ROORZLQJ�
5RERW�ZKLFK�FDQ�EH�XVHG�LQ�YDULRXV�DSSOLFDWLRQV�VXFK�DV�D�OXJJDJH�FDUULHU�DW�$LUSRUWV�
DQG�DV�D�ORDG�FDUULHU�LQ�LQGXVWULDO�ZDUHKRXVHV�XVLQJ�0LFURVRIW�.LQHFW�;ER[����VHQVRU��
7KH�PDLQ�JRDO�RI�WKLV�UHVHDUFK�ZDV�WR�HOLPLQDWH�WKH�QHHG�WR�ZHDU�D�VHQVRU�RU�DQ\�WDJ�
E\� WKH�WDUJHW�KXPDQ�LQ�RUGHU� WR�JHW� WUDFNHG�E\� WKH�DXWRQRPRXV�URERW��6R�� WKHUHIRUH�
KXPDQ� IROORZLQJ� LQ� WKLV� SDUWLFXODU� VWXG\�ZDV�REWDLQHG� E\�PHDVXULQJ� GHSWK�GDWD� RI�
KXPDQ�ERG\� MRLQWV�XVLQJ�KXPDQ�VNHOHWDO�WUDFNLQJ�IHDWXUH�RI� WKH�.LQHFW�VHQVRU��7KLV�
GHSWK�GDWD��ZKLFK�ZDV�XQLTXH�IRU�HYHU\�KXPDQ�EHLQJ�QRW�RQO\�HQDEOHG�WKH�URERW� WR�
GLVWLQJXLVK�WKH�WDUJHW�KXPDQ�DPRQJ�REVWDFOHV�DQG�RWKHU�KXPDQV�EXW�DOVR�DFWHG�DV�D�
JXLGHG�WRRO�IRU�URERW�WR�PRYH�IRUZDUG��EDFNZDUGV��OHIW�DQG�LQ�ULJKW�GLUHFWLRQV������

.H\ZRUGV�6HQVRU�.LQHFW��6NHOHWDO�WUDFNLQJ��9LVXDO�6HUYRLQJ�
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���� 6WXG\�RI�4R6�HIILFLHQF\�LQ�'HSOR\PHQW�RI�03/6�DQG�03/6���'LII6HUY

)D\FDO�%HQVDODK��1DMLE�(/�.DPRXQ��
/DE�67,&��)DFXOW\�RI�6FLHQFHV�(O�-DGLGD���8QLYHUVLW\�&KRXDLE�'RXNNDOL��0RURFFR���

I�EHQVDODK#XFG�DF�PD���HONDPRXQ�Q#XFG�DF�PD��

$EVWUDFW��7KH�0XOWL�3URWRFRO�/DEHO�6ZLWFKLQJ��03/6��SURWRFRO�KDV�FRQWULEXWHG� WR�
WKH� ,QWHUQHW� URXWLQJ�� WUDIILF� HQJLQHHULQJ� DQG� TXDOLW\� RI� VHUYLFH� UHTXLUHG� IRU� QHZ�
VHUYLFHV��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�FRPSDUH�WKH�4R6�SHUIRUPDQFH�RI�03/6�DQG�03/6�
��'LII6HUY�QHWZRUNV��WDNLQJ�LQWR�DFFRXQW�WKHLU�SDUWLFXODU�FRQVWUDLQWV��,Q�WKLV�DUWLFOH��ZH�
HYDOXDWHG�WKH�4R6�SHUIRUPDQFH�PHWULFV�VXFK�DV�GHOD\�YDULDWLRQ��GHOD\��UHVSRQVH�WLPH��
WKURXJKSXW�IRU�GLIIHUHQW�WUDIILF�W\SHV��YRLFH��GDWD�DQG�YLGHR��IRU�ERWK�SODWIRUPV�03/6�
DQG�03/6� ��'LII6HUY�� 7KH� REMHFWLYH� LV� WR� FRPSDUH� WKH�SHUIRUPDQFH� RI�03/6� DQG�
03/6� �� 'LII6HUY� XVLQJ� �231(7� 0RGHOHU� Y������ XVLQJ� WKH� ODWHVW� VLPXODWLRQ�
WHFKQLTXHV�� ZKHUH� GLIIHUHQW� 4R6� SDUDPHWHUV� FDQ� EH� PHDVXUHG� WR� FRPSDUH� WKH�
SHUIRUPDQFH�RI�QHWZRUNV��2XU�DSSURDFK�LQ�WKLV�ZRUN�LV�WR�GHVLJQ�DQG�EXLOG�DQ�RSHUDWRU�
QHWZRUN�W\SH�RI�KHDUW�WR�VLPXODWH�D�UHDO�VFHQDULR�WKDW�FRQYH\V�GLIIHUHQW�W\SHV�RI�WUDIILF�
�YRLFH�� GDWD� DQG� YLGHR��� 7KH� UHVXOWV� RI� WKH� ZRUN� DUH� SUHVHQWHG� DFFRUGLQJ� WR� WKH�
VLPXODWLRQ�WLPH�DQG�WKH�QHWZRUN�ORDG��7KH�UHVXOWV�RI�WKH�FRPSDULVRQ�GHPRQVWUDWH�WKH�
DGYDQWDJH� RYHU� WKH� SHUIRUPDQFH� RI� 03/6� QHWZRUNV� ZLWK� GLIIVHUY� FRPSDUHG� WR�
WUDGLWLRQDO�03/6�QHWZRUNV�����

.H\ZRUGV��03/6��'LII6HUY��4RV��1*1�
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���� &URS�0RQLWRULQJ�6\VWHP�8VLQJ�5DVSEHUU\�3L�

1DGLD�0XVWDTLP�$QVDUL��5L]ZDQ�,TEDO��7DOKD�7DULT��7D\\DED�.KXUVKLG���'DZRRG�
8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��.DUDFKL��QDGLD�DQVDUL#GXHW�HGX�SN�

$EVWUDFW���$JULFXOWXUH�LV�WKH�RI�SURFHVV�RI�FXOWLYDWLRQ�RI�ODQG�RU�VRLO�IRU�SURGXFWLRQ�
SXUSRVH��� $JULFXOWXUH� SOD\V� D� YHU\� YLWDO� UROH� IRU� HFRQRP\� RI� 3DNLVWDQ� DQG� LWV�
GHYHORSPHQW��$ERXW�����RI�SRSXODWLRQ�LV�UHODWHV�WR�DJULFXOWXUH�GLUHFWO\�RU�LQGLUHFWO\��
,WV�FRQWULEXWLRQ�WRZDUGV�*'3�LV�DERXW�����ZKLFK�LV�KLJKHU�WKDQ�FRQWULEXWLRQ�RI�DQ\�
RWKHU� VHFWRU�� ,VVXHV� FRQFHUQLQJ� DJULFXOWXUH� KDYH� EHHQ� DOZD\V� KLQGHULQJ� WKH�
GHYHORSPHQW�RI�WKH�FRXQWU\��7KH�RQO\�VROXWLRQ�WR�WKLV�SUREOHP�LV�VPDUW�DJULFXOWXUH�E\�
PRGHUQL]LQJ�WKH�FXUUHQW�WUDGLWLRQDO�PHWKRGV�RI�DJULFXOWXUH��7KH�SXUSRVH�RI�WKLV�SDSHU�
LV�WR�SURGXFH�DJULFXOWXUH�DSSOLFDWLRQ�RI�ZLUHOHVV�VHQVRU�QHWZRUN�WKDW�FDQ�PRQLWRU�WKH�
HQYLURQPHQW� LQ�ZKLFK� FURSV� DUH� EHLQJ� FKDQJHV� WKDW� WDNH� SODFH�� 7KHVH� FKDQJHV� DUH�
XQSUHGLFWDEOH�E\�WKH�V\VWHP�DQG�DUH�LQ�D�VHQVH�UDQGRP��7KH�QRGHV�LQ�WKH�V\VWHP�FDQ�
PHDVXUH�WHPSHUDWXUH��KXPLGLW\�DQG�VRLO�PRLVWXUH��7KH�SUREOHP�RI�H[FHVV�ZDWHU�VXSSO\�
FDQ� EH� UHPRYHG� E\� PHDVXULQJ� VRLO� PRLVWXUH�� &URSV� QHHG� RI� ZDWHU� FDQ� EH� SUHGLFW�
WKURXJK� WHPSHUDWXUH� PRQLWRULQJ�� +HDOWK\� DLU� TXDOLW\� FDQ� EH� PDLQWDLQLQJ� WKURXJK�
PRQLWRULQJ�DLU�TXDOLW\��6HQVRU�QRGH�FRQVLVWLQJ�$95�PLFURFRQWUROOHU�DQG�VHQVRUV��7KH�
5DVSEHUU\�3L�SHUIRUP�DV�D�FHQWUDO�KXE�IRU�DOO�VHQVRU�QRGHV��0RQLWRULQJ�RI�FURS�ILHOG�
XVLQJ�:61� UHSUHVHQWV� WKH� FODVV� RI� QHWZRUN� DSSOLFDWLRQV�ZLWK�PRUH� EHQHILWV� WR� WKH�
IDUPHUV��

.H\ZRUGV���5DVEHUU\�SL��:61��$95�PLFURFRQWUROOHU�
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������ 'LJLWDO�DQG�$QDORJ�%RG\�0DVV�,QGH[�&DOFXODWLQJ�'HYLFH��$�
FRPSDUDWLYH�VWXG\�

6��0��2PDLU��0��)��6KDPLP��$��'HVDL��1��6KDKLG��*��0XQLU��DQG�0��=��8O�+DTXH���
6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��.DUDFKL��3DNLVWDQ���

%DUUHWW�+RGJVRQ�8QLYHUVLW\��.DUDFKL��3DNLVWDQ���
(�PDLO��PXKDPPDG�]HHVKDQ#EKX�HGX�SN�

$EVWUDFW�2EHVLW\�LV�D�PDMRU�FRQFHUQ�RI�KHDOWK�ULVN�XQLYHUVDOO\��ZKLFK�FRQVHTXHQWO\�
UHVXOWV�LQ�DGYHUVH�LPSDFW�RQ�RYHUDOO�KHDOWK��%RG\�0DVV�,QGH[��%0,��LV�D�QRQLQYDVLYH�
PHWKRG�HPSOR\HG�WR�PHDVXUH�WKH�ERG\�IDW�XVLQJ�WKH�LQGLYLGXDO¶V�ZHLJKW�DQG�KHLJKW��
7KH�DLP�RI�WKLV�VWXG\�LV�WR�GHYHORS�DQ�DXWRPDWHG�%0,�PHDVXULQJ�GHYLFH�XVLQJ�ORDG�
FHOOV�� XOWUDVRQLF� VHQVRU� DQG� 3,&� PLFURFRQWUROOHU�� 0RUHRYHU�� VWDWLVWLFDO� DQDO\VLV� WR�
HVWLPDWH� WKH�DFFXUDF\�RI� WKH�DQDORJ�DQG� WKH�GHVLJQHG�%0,� LQVWUXPHQW� LV�SUHVHQWHG��
7KH�KHLJKW�DQG��GDWD�ZHUH�FROOHFWHG�IURP����WR����\HDUV�ROG�UDQGRP�����VXEMHFWV�����
PDOHV�DQG����IHPDOHV��XVLQJ�ERWK�DQDORJXH�DQG�GHVLJQHG�GLJLWDO�SURWRW\SH��7KH�PHDQ�
DQDORJ� UHDGLQJV� RI� ZHLJKW�� KHLJKW� DQG� %0,� RI� WKH� VWXGLHG� SRSXODWLRQ� ZHUH�
������������.J�����������P��DQG������������.J�P���UHVSHFWLYHO\��7KH�DQDORJ�GDWD�
UHDGLQJV� DUH� UHODWLYHO\� LQ� DJUHHPHQW� ZLWK� WKHLU� FRXQWHUSDUW� GLJLWDO� PHDQ� YDOXH� RI�
ZHLJKW��������������.J���KHLJKW�������������P���DQG�%0,����������.J�P�����7KH�
FRUUHODWLRQ�FRHIILFLHQW�RI�WKH�GHVLJQHG�%0,�LQVWUXPHQW�DQG�WKH�DQDORJ�UHDGLQJV�KDV�
VKRZQ�WKH�DFFXUDF\�RI���������ZHLJKW�����������KHLJKW��DQG�������%0,���,Q�WKH�IXWXUH��
WKH�GHYHORSHG�SURWRW\SH�PD\�EH�HPSOR\HG� WR�HQKDQFH�WKH�SUDFWLFDO�NQRZOHGJH�DQG�
VNLOOV�IRU�VWXGHQWV�DQG�WUDLQHUV�LQ�HGXFDWLRQ�DQG�YRFDWLRQDO�LQVWLWXWLRQV����

.H\ZRUGV��2EHVLW\��ERG\�PDVV�LQGH[��ORDG�FHOO��XOWUDVRQLF�VHQVRU��VWDWLVWLFDO�DQDO\VLV���
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���� &RPSXWDWLRQDO�$QDO\VLV�RI�$LUFUDIW�,PSDFW�RQ�&RQFUHWH�3DQHO�

-RRQ�.L�+RQJ�DQG�7KRPDV�+��.��.DQJ��
'HSW��RI�$UFKLWHFWXUH�	�$UFKLWHFWXUDO�(QJLQHHULQJ��6HRXO�1DWLRQDO�8QLYHUVLW\��6RXWK�

.RUHD��WNDQJ#VQX�DF�NU�

$EVWUDFW�7KH�SULPDU\�LQWHUHVW�RI�WKLV�SDSHU�LV�WR�FRQILUP�WKH�UHVXOWV�RI�DQ�H[SHULPHQW�
SHUIRUPHG� E\� 6DQGLD�1DWLRQDO� /DERUDWRULHV� �61/�� E\� FRQGXFWLQJ� D� FRPSXWDWLRQDO�
DQDO\VLV�DQG�FRPSDULQJ�WKH�UHVXOWV�GUDZQ�IURP�WKH�DQDO\VLV��:LWK�UHVSHFW�WR�DLUFUDIW�
LPSDFW�DFFLGHQWV��WKHUH�PD\�EH�DQ�H[WUHPHO\�ODUJH�GHIRUPDWLRQ�IRU�D�YHU\�VKRUW�WLPH��
7KHUHIRUH�� WKH� XVH� RI� /6�'<1$� LV� UHDVRQDEO\� SHUFHLYHG� WR� FRQGXFW� VXFK� D�
FRPSXWDWLRQDO�DQDO\VLV��DV�LW�LV�WKH�ILQLWH�HOHPHQW�VRIWZDUH�IRU�DQDO\VHV�UHODWHG�WR�ODUJH�
GHIRUPDWLRQ�DQG�RU�VXGGHQO\�DSSOLHG�H[WUHPH�ORDGLQJ��,Q�WKLV�VWXG\��VHYHUDO�LQWHUHVWLQJ�
ILQGLQJV�DUH�GUDZQ�IURP�WKH�FRPSXWDWLRQDO�DQDO\VLV�UHVXOWV�����

.H\ZRUGV��&RPSXWDWLRQDO�DQDO\VLV��DLUFUDIW�LPSDFW��FRQFUHWH��/6�'<1$�
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���� 0RGHOLQJ�DQG�6LPXODWLRQ�RI�WKH�(OHFWULFDO�9HKLFOH�8VLQJ�0DWODE�DQG�
YHULI\LQJ�LW�E\�'ULYLQJ�&\FOHV�

�*XVVDQ�0DD]�0XIWL���0REHHQ�8U�5HKPDQ���$EGXO�%DVLW��
�863&$6(�3�8(7��&DPSXV�3HVKDZDU��3DNLVWDQ��

�%DKULD�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ�
JXVVDQ�PXIWL#XHWSHVKDZDU�HGX�SN��FPREHHQUDKPDQ#JPDLO�FRP��

DEGXO�EDVLW#XHWSHVKDZDU�HGX�SN�

$EVWUDFW� (OHFWULF� 9HKLFOH� DUH� HQMR\LQJ� PRUH� ZLGHVSUHDG� FXVWRPHU� DFFHSWDQFH� DV�
SHUVRQDO�YHKLFOH�EHFDXVH�RI�WKHLU�SHUIRUPDQFH�DQG�HFRQRP\�LQ�UXQQLQJ�FRVW��7KH�(9�
SURYLGHV�XQFRPSURPLVHG�XWLOLW\�DQG�IXHO�HFRQRP\�EHQHILWV�FRPSDUHG�WR�K\EULG�DQG�
QRQ�K\EULG� YHKLFOHV�� 0RGHOOLQJ� RI� (9� LV� DQDO\]HG� LQ� WKLV� SDSHU� WR� HYDOXDWH� WKH�
SHUIRUPDQFH�DQG�UDQJH�RI�WKH�(9��7KH�LQGLJHQRXV�SODWIRUP�0$7/$%�KDV�EHHQ�XVHG�
WR�PRGHO�DQG�VLPXODWH�WKH�GLIIHUHQW�VFHQDULRV�RI�UDQJH�FRYHUHG�E\�WKH�(9�E\�YDU\LQJ�
WKH� DFFHVVRU\� SRZHU� DVVRFLDWHG� ZLWK� WKHP�7KH� PDWKHPDWLFDO� V\VWHP� ZDV� IXUWKHU�
YHULILHG� E\� VLPXODWLQJ� WKH� VWDQGDUG� GULYH� F\FOHV� IRU� GLIIHUHQW� UHJLRQV� RI� WKH�ZRUOG�
LQFOXGLQJ�WKH�VWDQGDUG�GULYH�F\FOH�RI�8�6�$��DQG�(�8��7KH�VLPXODWLRQV�ZHUH�FDUULHG�DOO�
RQ�0DWODE�ZLWK�LQWHQW�WR�IXUWKHU�ZRUN�DQG�H[WHQG�WKLV�ZRUN�WR�WKH�PXOWL�GLPHQVLRQDO�
SODWIRUP�

.H\ZRUGV�� %DWWHULHV�� (OHFWULF� 9HKLFOHV�� )8'6�� 6)8'6�� 86��� 'ULYH� &\FOH��
0DWKHPDWLFDO�PRGHO��:/7&�GULYH�F\FOH��0DWODE�����
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������ 'HVLJQ�DQG�$QDO\VLV�RI�+LJK�6HQVLWLYH�3K&�EDVHG�6HQVRU�IRU�0HWKDQH�
*DV�'HWHFWLRQ�

+DUVKDGD�-��3DWLO��,QGXPDWKL�7�6��3UHHWD�6KDUDQ���
9HPDQD�LQVWLWXWH�RI�WHFKQRORJ\��%DQJDORUH�978�3*�&HQWHU��0XGGHQKDOOL��%DQJDORUH��

7KH�2[IRUG�&ROOHJH�RI�HQJLQHHULQJ��%DQJDORUH��,QGLD�

$EVWUDFW��,QKDOLQJ�WR[LF�JDVHV�FDQ�OHDG�WR�QXPHURXV�UHVSLUDWRU\�SUREOHPV�LQ�KXPDQ��
6LQFH�PHWKDQH�GLVSODFHV�R[\JHQ�DV�WKH�SHUFHQWDJH�RI�R[\JHQ�UHGXFHV�EHORZ����ZLOO�
EH�PDMRU�GUDZEDFN�IRU�KXPDQ¶V�OLYHV��6R�WKHUH�LV�QHHG�RI�VHQVRU�ZKLFK�ZLOO�EH�DEOH�WR�
GHWHFW� SRLVRQRXV�PHWKDQH� JDV�� � ,Q� WKLV�PDQXVFULSW�ZH� SURYLGH� D� SURWRW\SH� � RI� �'�
SKRWRQLF�FU\VWDO��3K&��RULHQWHG�VHQVRU�IRU�WKH�PHWKDQH�JDV�UHFRJQLWLRQ�LQ�UHDO�WLPH��
7KH� VFRSH� RI� WKLV� VHQVRU� LV� WR� PRQLWRU� WKH� HQYLURQPHQW� IRU� WKH� FRQFHQWUDWLRQ�
RFFXUUHQFH�RI�PHWKDQH��7KH�UHVSHFWLYH�H[LVWHQFH�RI�WKH�VDPH�GHVFULEHG�E\�SORWWLQJ�WKH�
UHODWLYH�ZDYHOHQJWK�VKLIWV��7KH�SURWRW\SH�KDV�EHHQ�WHVWHG�IRU�WKH�DLU�DQG�DLU��PHWKDQH�
PL[WXUH�LQ�WKH�UDWLR�RI������DQG�UHODWLYH�ZDYHOHQJWK�VKLIWV�DUH�UHFRUGHG��7KH�REWDLQHG�
FXUYHV�KDG�GLVWLQFW�VKLIWV��7KH�DQDO\VLV�RI�WUDQVPLVVLRQ�VSHFWUXP�LV�GRQH�E\�XVLQJ�D�
VLPXODWLRQ�WRRO�FDOOHG�5VRIW��7KH�ZDYHOHQJWK�DQG�DPSOLWXGH�REVHUYHG�IRU�DLU�ZLWKRXW�
PHWKDQH�LV��������QP�DQG��������ZKHUHDV�WKH�ZDYHOHQJWK�DQG�REVHUYHG�IRU�DLU�ZLWK�
PHWKDQH�LV�REVHUYHG�DV��������QP�DQG��������UHVSHFWLYHO\��7KXV�NHHSLQJ�WKHVH�YDOXHV�
DV�VLJQDWXUHV�RQH�FDQ�HDVLO\�GHWHFW�PHWKDQH�JDV�LQ�FRDO�PLQHV��4XDOLW\�IDFWRU��4�IDFWRU�
IRU� WKH� SUHVHQWHG� SURWRW\SH� LV� FDOFXODWHG� RI� YDOXH� ������� ZLWK� H[KLELWLQJ� WKH�
VHQVLWLYLW\�RI�WKH�RUGHU�RI�����QP�5,8���

.H\ZRUGV��3K&��3KRWRQLF�FU\VWDO���4�IDFWRU��7R[LF�JDV��5�VRIW�
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����� )HDVLELOLW\�RI�'URQHV�IRU�WKH�6HFXULW\�6XUYHLOODQFH�RI�0HKUDQ�
8QLYHUVLW\�RI�

(QJLQHHULQJ�	�7HFKQRORJ\��08(7��

6\HG�0RKVLQ�$OL�6KDK��6\HG�0XKDPPDG�4DLP�+\GHU��6KDQ]DK�0RKVLQ�'HSDUWPHQW�
RI�7HOHFRPPXQLFDWLRQ�(QJLQHHULQJ��0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�

7HFKQRORJ\��-DPVKRUR���
^PRKVLQ�VKDK�VKDQ]DK�VKDLNK`#IDFXOW\�PXHW�HGX�SN��K\GHUTDLP#JPDLO�FRP�

$EVWUDFW�7KLV�SDSHU�SUHVHQWV�WKH�IHDVLELOLW\�DQDO\VLV�RI�XVLQJ�TXDGFRSWHU�V\VWHPV�IRU�
WKH� VHFXULW\� RI� WKH� 0HKUDQ� 8QLYHUVLW\�� -DPVKRUR�� $IWHU� WKH� WHUURULVWV¶� DWWDFNV� RQ�
HGXFDWLRQDO� DQG�VHFXULW\� LQVWLWXWLRQV� VXFK�DV�$UP\�3XEOLF�6FKRRO�3HVKDZDU��%DFKD�
.KDQ� 8QLYHUVLW\� DQG� 3ROLFH� 7UDLQLQJ� &HQWHU�� 4XHWWD�� LW� LV� KLJKO\� OLNHO\� WKDW� RXU�
XQLYHUVLW\�FDQ�DOVR�EH�WDUJHWHG��7KLV�8QLYHUVLW\�FRYHUV�D�ODUJH�DUHD�WKDW�FDQ�EH�HDVLO\�
LQILOWUDWHG�E\�WHUURULVWV��,Q�RXU�ZRUN��ZH�KDYH�VXUYH\HG�WKH�FDPSXV�IRU�SRVVLEOH�EUHDFK�
VLWHV� XVLQJ� GURQHV�TXDGFRSWHUV� DV� D� WRRO� WR� SURYLGH� D� TXLFN� DQG� HIIHFWLYH� ZD\� RI�
LQFUHDVLQJ� WKH� VHFXULW\� RI� WKH� 8QLYHUVLW\� ERXQGDULHV�� 7KLV� SDSHU� VXPPDUL]HV� RXU�
ILQGLQJV� WR� ZKHWKHU� RU� QRW� D� GURQH� ZLOO� SURYLGH� IDVW� DQG� UHOLDEOH� VXUYHLOODQFH� LQ�
DVVLVWDQFH�WR�WKH�8QLYHUVLW\¶V�H[LVWLQJ�VHFXULW\�VWUXFWXUH�����

.H\ZRUGV��'URQHV��6HFXULW\��6XUYHLOODQFH��4XDGFRSWHUV��6DIHW\��,QVWLWXWHV�
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������ :HE�'�OLJKWZHLJKW�OHDUQLQJ�IUDPHZRUN�IRU�6KDSH�UHWULHYDO�EDVHG�RQ�
&11�

:(1�=+28��-,1<8$1�-,$��3(,+8$�621*��
7KH�VFKRRO�RI�VRIWZDUH�HQJLQHHULQJ��7RQJML�8QLYHUVLW\��6+$1+$,��&KLQD�

=KRXZHQ���#����FRP�

$EVWUDFW :LWK�WKH�UDSLG�GHYHORSPHQW�RI��'�WHFKQRORJLHV�� WKH�GHPDQG�RI�XVLQJ�DQG�
UHWULHYDO� WKH��'�PRGHOV�EHFDPH�PRUH�DQG�PRUH�XUJHQW��,Q� WKLV�FDVH�� LW� LV�PRUH�DQG�
PRUH�LPSRUW�DQG�QHFHVVDU\�WKDW�VNHWFK�EDVHG��'�PRGHO�UHWULHYDO��%\�WKH�XVHU�KDQG�
GUDZQ�D�VNHWFK��WKH�V\VWHP�FDQ�EH�SURYLGHG�WKH�SRVVLEOH�OLVW�RI�PRGHOV��WKHQ�WKH�XVHU�
FDQ�VHOHFW� WKH�QHHG�PRGHO� IURP�WKLV� OLVW��%HVLGHV��ZLWK� WKH� VL]H�RI�PRGHO�EHFRPLQJ�
KXJHU���'�PRGHO�GLVSOD\LQJ�RYHU�ZHE�EURZVHU�EHFRPHV�KDUGHU��QRW�WR�PHQWLRQ��PRELOH�
LQWHUQHW��7KLV�SDSHU�ILUVW�UHYLHZV�WKH�UHODWHG�FRQWHQW�RI�VNHWFK�EDVHG�LPDJH�UHWULHYDO�
DQG�WKH�ZHOONQRZQ�GHVFULSWRUV��7KHQ��ZH�SURSRVHG�VLPSOLILFDWLRQ�EDVHG�OLJKWZHLJKW�
PHWKRG� IRU� �'� VKDSH� WR� IDVWO\� YLVXDOL]H� RYHU� EURZVHU� EDVHG� RQ� PRELOH� ,QWHUQHW�
HQYLURQPHQW��%HVLGHV��D�&11��&RQYROXWLRQ�QHXWUDO�QHWZRUN��EDVHG�OHDUQLQJ�PHWKRG�
LV� FRQGXFWHG� WR� REWDLQ� WKH� EHVW� YLHZ�RI� VKDSH�� )XUWKHUPRUH�� OHDUQLQJ� IUDPHZRUN� LV�
SUHVHQWHG�WR�SUHVHQW�WKH�ILQDO�UHWULHYDO��%HVLGHV��D�IHDWXUH�IXVLRQ�PHWKRG�DOVR�LV�XVHG�WR�
JHQHUDWH�D�OHDUQLQJ�GLFWLRQDU\��/DVW�EXW�QRW�OHDVW��WKH�H[SHULPHQW�LV�UHDOL]HG�WR�YHULI\�
WKH� IHDVLELOLW\� RI� WKH� DSSURDFK�� )LQDOO\�� LW� LV� FRPSDUHG� ZLWK� PDQ\� VWDWH�RI�WKH�DUW�
PDLQVWUHDP� DSSURDFKHV�� WKH� UHVXOW� VKRZHG� WKDW� WKH� DSSURDFK� ZDV� YLDEOH� DQG�
UREXVWQHVV�����

.H\ZRUGV���'��UHWULHYDO��VLPSOLILFDWLRQ��&11��OHDUQLQJ�
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������ $QWLELRJUDP�'HYHORSPHQW�RI�3\RJHQLF�%DFWHULD�DQG�WKH�(YDOXDWLRQ�RI�
WKHLU�0XOWL�'UXJ�5HVLVWDQFH�

.LUDQ�)DWLPD��$VPD�%DVKLU��1HKD�)DULG��.DVKLI�$OL��
'HSDUWPHQW�RI�%LRVFLHQFHV��6KDKHHG�=XOILNDU�$OL�%KXWWR�,QVWLWXWH�RI�6FLHQFH�DQG�

7HFKQRORJ\��.DUDFKL��3DNLVWDQ�
(PDLO�,G��NLUDQIDWLPD��#JPDLO�FRP�����

$EVWUDFW��7KH�UHVLVWDQFH�RI�RUJDQLVPV�WR�DQWLELRWLFV�LV�LQFUHDVLQJ�VWHDGLO\�DV�WKH\�DUH�
EHFRPLQJ�PRUH�UHVLVWDQW�WR�QHZHU�DQWLELRWLFV��VXFK�DV�TXLQRORQHV��'RFWRUV�DQG�QXUVHV�
VSUHDG�DZDUHQHVV�RI�DQWLELRWLF�UHVLVWDQFH�LQ�SXEOLF��DQG�LW�LV�WKHLU�GXW\�WR�NHHS�
WKHPVHOYHV�XSGDWHG�ZLWK�WKH�ODWHVW�DQWLELRJUDPV�RI�FRPPRQO\�HQFRXQWHUHG�SDWKRJHQV��
VR� WKDW� DSSURSULDWH� DQWLELRWLFV� PD\� EH� SURYLGHG� IRU� WKH� WUHDWPHQW� RI� LQIHFWLRQV��
'LIIHUHQW�VWXGLHV�VKRZ�FRQVLVWHQW�SUHGLFWDEOH�EDFWHULDO�SURILOHV�LQ�ZRXQG�LQIHFWLRQV��
DQWLELRWLF�UHVLVWDQFH�DQG�FDSDFLW\�WR�DGDSW�WR�FKDQJLQJ�HQYLURQPHQW��ZKLFK�UHQGHU�WKH�
SDWKRJHQV�D�PDWWHU�RI�FRQFHUQ�LQ�KRVSLWDO�DFTXLUHG�LQIHFWLRQV��7KHUHIRUH��SHULRGLFDO�
PRQLWRULQJ�RI�EDFWHULDO�SURILOH�DQG�WKHLU�DQWLELRWLF�VXVFHSWLELOLW\�SDWWHUQ�LV�LPSRUWDQW��
7KH�REMHFWLYH�RI�WKH�VWXG\�LV�WR�GHWHUPLQH�WKH�FRPPRQO\�HQFRXQWHUHG�SDWKRJHQV�LQ�
SXV�VDPSOHV�DORQJ�ZLWK�WKHLU�DQWLELRWLF�VXVFHSWLELOLW\�SDWWHUQV��3XV�VDPSOHV�UHFHLYHG�
IRU� GLDJQRVWLF�PLFURELRORJ\�ZHUH� SURFHVVHG�� DQG� LGHQWLILHG� E\� VWDQGDUG� SURWRFROV��
$QWLELRWLF�VXVFHSWLELOLW\�WHVWLQJ�ZDV�GRQH�E\�.LUE\�%DXHU���'LVF�'LIIXVLRQ�PHWKRG��
$PRQJ�WKH�LVRODWHG�RUJDQLVPV�IURP�SXV�VSHFLPHQV��6WDSK\ORFRFFXV�DXUHXV�ZDV�WKH�
PRVW� FRPPRQ� IROORZHG�E\�(VFKHULFKLD�FROL��.OHEVLHOOD�SQHXPRQLDH��3VHXGRPRQDV�
DHUXJLQRVD��3URWHXV�VSHFLHV�DQG�$FLQHWREDFWHU�VSHFLHV��4XLQRORQHV��DPLQRJO\FRVLGHV�
DQG� FHSKDORVSRULQV� ZHUH� IRXQG� WR� EH� WKH� PRVW� HIIHFWLYH� DQWLPLFURELDOV� LQ� YLWUR��
ZKHUHDV� DPR[LFLOOLQ�� PLQRF\FOLQH� DQG� WULPHWKRSULP�VXOSKDPHWKD[D]ROH� ZHUH� OHDVW�
HIIHFWLYH���6WDSK\ORFRFFXV�DXUHXV�ZDV�IRXQG�WR�EH�SUHGRPLQDQW�DPRQJ�DOO�WKH�EDFWHULDO�
LVRODWHV�XVHG�LQ�WKH�VWXG\��$OO�WKH�LVRODWHV�KDG�VWURQJ�UHVLVWDQW�WR�DQWLELRWLFV�VXFK�DV�
DPR[LFLOOLQ��WULPHWKRSULP�VXOSKDPHWKD[D]ROH�DQG�PLQRF\FOLQH����

.H\ZRUGV���$QWLPLFURELDOV��$QWLELRWLFV��'LVHDVHV��'LVLQIHFWLRQ�
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������ 7KH�,PSOHPHQWDWLRQ�RI�6HFXUH�&RPPXQLFDWLRQ�LQ�0HPULVWRU�%DVHG�
&KDRWLF�&LUFXLW�

0XKDPPHW�(PLQ�6$+,1��+DVDQ�*8/(5�
(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ��)LUDW�8QLYHUVLW\��7XUNH\��

PHPQVKQ#JPDLO�FRP�

$EVWUDFW�/HRQ�&KXD�GLVFRYHUHG�PHPULVWRU��NQRZQ�DV�WKH�IRXUWK�EDVLF�HOHPHQW�RU�WKH�
PLVVLQJ�OLQN�LQ�������,W�LV�D�SDVVLYH�GHYLFH�ZLWK�WZR�WHUPLQDOV��ZKHUH�WKH�PDJQHWLF�
IOX[�LV�UHODWHG�WR�WKH�DPRXQW�RI�SDVVHG�HOHFWULF�FKDUJH�WKURXJK�WKH�GHYLFH��:H�XVHG�WKH�
PHPULVWRU�EDVHG�FKDRWLF�FLUFXLWV�ZKLFK�FRQVLVW�RI�WKUHH�EDVLF�HOHPHQWV��,Q�WKLV�SDSHU��
ZH�WDNH�DGYDQWDJH�RI�FKDRWLF�IHDWXUH�RI�PHPULVWRU�DQG�D�PHPULVWRU�EDVHG�V\VWHP�LV�
XVHG�IRU�PDVNLQJ�FKDRWLF�VLJQDOV�LQ�FRPPXQLFDWLRQ�V\VWHPV�ZLWK�/DE9,(:��)LUVWO\��
WKH�PHPULVWRU¶V�HTXDWLRQV�DUH�JLYHQ��7KHQ�FLUFXLWV�PRGHOHG�ZLWK�/DE9,(:��7KH�QH[W�
SDUW�� WKH� FLUFXLW� ZKLFK� VKRZV� WKH� FKDRWLF� VSHFLDOW\� LV� LPSOHPHQWHG� VHFXUH�
FRPPXQLFDWLRQ��)LQDOO\��VLPXODWLRQ�UHVXOWV�FRQILUP�WKDW�WKH�VXFFHVV�RI�WKH�VFKHPH�LQ�
D�VHFXUH�FRPPXQLFDWLRQV�DSSOLFDWLRQ�����

.H\ZRUGV����0HPULVWRU��&KDRV��/DE9,(:��6HFXUH�&RPPXQLFDWLRQ�
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������ 8UGX�/DQJXDJH�7UDQVODWRU�8VLQJ�'HHS�1HXUDO�1HWZRUN�

6\HG�$EEDV�$OL��6DOODU�.KDQ��
6LU�6\HG�8QLYHUVLW\�RI�HQJLQHHULQJ�DQG�HQJLQHHULQJ�DQG�WHFKQRORJ\��3DNLVWDQ���

6DOODU.KDQ��#\DKRR�FRP���
+XPDLUD�3HUYHHQ��5HKDP�0X]]DPLO��0DKQRRU�0DOLN��)DL]D�.KDOLG��

1('�8QLYHUVLW\�RI�HQJLQHHULQJ�DQG�HQJLQHHULQJ�DQG�WHFKQRORJ\��3DNLVWDQ�

$EVWUDFW�8UGX�ODQJXDJH�RI�3DNLVWDQ�KDV�PRUH�WKDQ�����PLOOLRQ�VSHDNHUV�LQ�3DNLVWDQ��
,QGLD�� $IJKDQLVWDQ� DQG�0LGGOH� (DVW��:LWK� ORZ�(QJOLVK� OLWHUDF\� UDWH� DYHUDJH�8UGX�
VSHDNLQJ� SHUVRQ� IDFHV� EDUULHUV� LQ� FRPPXQLFDWLQJ� ZLWK� IRUHLJQ� SHRSOH� LQ� WHUPV� RI�
DFFHVVLQJ�LQIRUPDWLRQ��FDUU\LQJ�EXVLQHVV��7KLV�SDSHU�SURSRVHV�DQ�LQWHUDFWLYH�8UGX�WR�
(QJOLVK� ODQJXDJH� VSHHFK� WUDQVODWRU� XVLQJ� GHHS� 1HXUDO� 1HWZRUN�� $65� PRGXOH� LQ�
SURSRVHG�SLSHOLQH�LV�FRPSRVHG�RI�GHHS�QHXUDO�QHWZRUN�DQG�LV�VLPSOHU�DV�FRPSDUHG�WR�
WUDGLWLRQDO�$65�ZKLFK�UHTXLUHV�FRPSOH[�KDQG�HQJLQHHULQJ�OLNH�IHDWXUH�H[WUDFWLRQ�DQG�
UHVRXUFHV� OLNH� SKRQHPH� GLFWLRQDU\�� 7KH� SURSRVHG� VSHHFK� UHFRJQLWLRQ� PRGHO� RXW�
SHUIRUPV� WUDGLWLRQDO�DXWRPDWLF� VSHHFK� UHFRJQLWLRQ�V\VWHPV� LQ� HIILFLHQF\�� VLPSOLFLW\�
DQG�UREXVWQHVV�����

.H\ZRUGV��'HHS�511��$65��7H[W�%ORE�7UDQVODWLRQ��1�JUDP�/0��/DQJXDJH�
7UDQVODWRU��
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������ )LOWHU�'HVLJQ�IRU�(GXFDWLRQDO�6HW�YLD�/DE9,(:�6RIWZDUH�3URJUDP�

6HUWDo�<$0$1��+DVDQ�*h/(5��<DYX]�(52/��
'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ��)LUDW�8QLYHUVLW\��(OD]Õ÷��

7XUNH\��
VUW\DPDQ#JPDLO�FRP�

$EVWUDFW $LPLQJ�WKLV�VWXG\�LV�GHVLJQ�IRU�WKH�HGXFDWLRQDO�GLJLWDO�ILOWHU�VHW�WR�JHW�ULG�RI�
XQGHVLUDEOH� SDUWV�RI� VLJQDOV� VXFK�DV�QRLVH�RU� H[WUDFW� VRPH� FRPSRQHQWV�� /DERUDWRU\�
9LUWXDO� ,QVWUXPHQW� (QJLQHHULQJ�:RUNEHQFK� �/DE9,(:�� VLPXODWLRQ� UHVXOWV� VKRZHG�
WKDW�WKH�PRVW�LPSRUWDQW�SRLQW�RI�WKLV�VWXG\�LV�WKH�ILOWHULQJ�SURFHVV�FDQ�EH�VLPSO\�DQG�
XQGHUVWRRG�FOHDUO\�RQ�WKH�OHYHO�RI�WKH�JUDGXDWH�VWXGHQWV��/DE9,(:�VRIWZDUH�SDFNDJH�
LV�D�ZLGHVSUHDG�SURJUDPPLQJ�DUHD�DQG� LQFOXGHV�PXOWLSOH� IXQFWLRQDOLWLHV� IURP�EDVLF�
DOJHEUDLF� WR� VRSKLVWLFDWHG�VLJQDO�SURFHVVLQJ��/DE9,(:�KDV�D� IURQW�SDQHO�DQG�EORFN�
GLDJUDP��,QLWLDO�SDUDPHWHUV��ILOWHU�GHJUHH��ILOWHU�W\SH��FXWRII�IUHTXHQF\�«��HQWHUHG�E\�
XVHUV�RQ�WKH�IURQW�SDQHO�DQG�UHVSRQVHV�VKRZ�WKH�VDPH�SDQHO����
7KH�PRVW�LPSRUWDQW�SRLQW�RI�WKLV�VWXG\��XVHUV�FDQ�FKDQJH�WKH�ILOWHU�SDUDPHWHUV�ZKLOH�
WKH�SURJUDP�LV�UXQQLQJ��7KLV�DOORZV�WKH�GLVSOD\�RI�WKH�FKDQJLQJ�ILOWHU�FKDUDFWHULVWLF�LQ�
UHDO�WLPH�RXWSXW��7KLV�VLWXDWLRQ�GRHV�QRW�H[LVW�LQ�RWKHU�SURJUDPV�OLNH�0$7/$%���

.H\ZRUGV� /DE9,(:� 6RIWZDUH� 3URJUDP�� 'LJLWDO� ),5� )LOWHU�� (GXFDWLRQDO� VHW��
VLPXODWLRQ��1RLV\�VLJQDO���
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������ ,PSURYLVLQJ�6HFXULW\�DQG�3ULYDF\�9XOQHUDELOLWLHV�LQ�6PDUW�+HDOWK��

0XKDPPDG�7DKLU��5XNDL\D�-DYHG��7DODW�$OWDI�
6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��3DNLVWDQ��

WDKLUIDWWDQL#JPDLO�FRP��UMDYDLGVK#JPDLO�FRP��GUWDOWDI#VVXHW�HGX�SN�

$EVWUDFW²,QWHUQHW�RI� 7KLQJV� �,R7�� LV� GHILQHG� DV� WKH� GHYHORSPHQW� RI� LQWHUQHW�ZLWK�
HYHU\GD\�REMHFWV��,W�LV�WHUPHG�DV�D�YLVLRQDU\�WUDQVIRUPDWLRQ�RI�REMHFWV� WKDW�IDFLOLWDWH�
XVHUV�DQG�SURYLGH�QXPHURXV�VHUYLFHV��,R7�PDNHV�WKH�GHYLFH�VPDUWHU�DQG�RIIHUV�PDQ\�
EHQHILWV� IRU� SDWLHQW� PRQLWRULQJ� E\� XVLQJ� WKH� JHQHUDWHG� DQDO\WLFDO� GDWD�� +RZHYHU��
DGRSWLRQ�RI�WKHVH�VPDUW�GHYLFHV�LQWR�GDLO\�OLIH�KDV�JLYHQ�WKH�ELUWK�WR�VHYHUDO�VHFXULW\�
FKDOOHQJHV�DQG�OHG�WR�SXEOLF�VHFXULW\�LVVXHV��LQFOXGLQJ�F\EHUFULPH�WKUHDWV��IDOVH�XVDJH�
RI�SHUVRQDO�GDWD�DQG�RUJDQL]HG�FULPHV��%UHDFK�RI�PHGLFDO�GDWD�PHDQV�SDWLHQW�DW�KLJK�
ULVN��$FFRUGLQJ� WR�D�VXUYH\� LQ������� WRWDO� UHFRUG�RI�������������EUHDFKHV�KDV�EHHQ�
UHSRUWHG� E\� LQGXVWU\� IURP� HGXFDWLRQ�� ILQDQFLDO�� KHDOWKFDUH�� WHFKQRORJ\� DQG� RWKHU�
GRPDLQV� >�@�� 7KHUH� DUH� VHYHUDO� VHFXULW\� YXOQHUDELOLWLHV� DQG� WKUHDWV� WKDW� DUH� QRW� \HW�
GLVFRYHUHG��ZHOO�UHFRJQL]HG��VWXGLHG�RU�VSRNHQ�LQ�GHWDLO��7KH�SXUSRVH�RI�WKLV�DUWLFOH�LV�
WR�JLYH�D�EURDG�RYHUYLHZ�RI�WKH�ILHOG��KLJKOLJKWV�WKH�VHFXULW\��SULYDF\�YXOQHUDELOLWLHV�
DQG� FRPSOH[LWLHV� WKDW� KDYH� DOUHDG\�� RU� DUH� OLNHO\� VRRQ� WR� ULVH�� 7KH� SDSHU� LV� DOVR�
LQWURGXFLQJ� QHZ�HPHUJLQJ� VHFXULW\� FKDOOHQJHV� ZLWK� SRVVLEOH� VROXWLRQV� DQG�
FRXQWHUPHDVXUHV�DJDLQVW�WKHVH�WKUHDWV�DQG�DWWDFNV�WKDW�DUH�QRW�\HW�H[SODLQHG�LQ�GHWDLO�
ZLWK�ORJLFDO�H[SODQDWLRQ����

,QGH[�7HUPV²'DWD�%UHDFKHV��'HYLFH�6HFXULW\��(�+HDOWK��,QWHUQHW�RI�7KLQJV��,R7V���
6PDUW�'HYLFHV�
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����

6PDUW�6WUDWHJLHV�RI�*URZWK�DQG�%HKDYLRU�RQ�6PDUW�(��7DLORULQJ��
)UDPHZRUN�ZLWK�0RELOH�$SSV�7UHQGV�

0XKDPPDG�7DKLU��6DDGDW�+\GUL��5DELD�(QDP��1DMPD�,VPDW
6LU�6\HG�8QL��RI�(QJJ��	7HFK��.DUDFKL��������3DNLVWDQ�

WDKLUIDWWDQL#JPDLO�FRP��VDDGDWK\GUL#JPDLO�FRP��DIDTBUDELD#\DKRR�FRP�

$EVWUDFW�$OPRVW����SHUFHQW�RI�WKH�ZRUOG�SRSXODWLRQ�LV�XVLQJ�WKH�LQWHUQHW�DQG�KDOI�RI�
WKHP�DUH�IURP�$VLD��7KH�XUJH�RI�UHDG\�PDGH�DSSDUHO�KDV�DOZD\V�EHHQ�D�FKDUP�LQ�WKH�
LQGXVWU\��6LQFH�WKH�H�FRPPHUFH�LQGXVWU\�KDV�HYROYHG�UDSLGO\�LQ�WKH�UHFHQW�SDVW�\HDUV��
RQOLQH� VKRSSLQJ� KDV� EHFRPH� D� WUHQG� JOREDOO\�� (FRPPHUFH� LQGXVWU\� KDV� H[SDQGHG�
HQRUPRXVO\�LQ�WKH�SDVW�IHZ�\HDUV��7KLV�SDSHU�LQYHVWLJDWHV�KRZ�RQOLQH�PHUFKDQWV�FDQ�
GHVLJQ�WKHLU�VFKHPHV�RI�WDLORULQJ��$�VXUYH\�VWXG\�RI�PDUNHW�UHWDLOHUV�DQG�FXVWRPHUV�KDV�
EHHQ� PDGH�� WKH� DXWKRUV� VHJUHJDWH� WKH� FXVWRPHUV� LQWR� WZR� PDLQ� FDWHJRULHV�� %\�
H[DPLQLQJ�WKH�GHHS�LQWHUHVW�RI�WKH�FRQVXPHUV�WKH\�FDQ�EH�FODVVLILHG�LQWR�JRDO�RULHQWHG�
DQG� SUDJPDWLF� FXVWRPHUV�� 7KH� DXWKRUV� LQVSHFWHG� WKH� UHVXOWV� UHJDUGLQJ� GLIIHUHQW�
DSSURDFKHV� LQFOXGLQJ� WKH� LPSRUWDQFH� RI� PRELOH� DSSOLFDWLRQV� LQ� WKH� LQGXVWU\�� 7KH�
RXWFRPHV�UHYHDO� WKDW� WKH�GLIIHUHQWLDWLRQ�EDVHG�XSRQ�FXVWRPL]DWLRQ��SURGXFW�TXDQWLW\�
DQG�ZHEVLWH�GHVLJQ�DUH�PRUH�FRPSHOOLQJ�ZKHQ�WDONLQJ�DERXW�ZLQGRZ�VKRSSHUV��)XUWKHU�
FRQWUDVW� EDVHG� XSRQ� VXSSRUW� DQG� UHFHSWLYHQHVV� ZDV� IRXQG� PRUH� OXFUDWLYH� ZKHQ�
SUDJPDWLF�FXVWRPHUV�DUH�LQ�WKH�VSRWOLJKW��%DVHG�RQ�WKH�RXWFRPHV�WKH�SDSHU�SURSRVHV�D�
QHZ�IUDPHZRUN�WR�UHFWLI\�LPSURYH�WKH�WDLORULQJ�VWUDWHJLHV�IRU�WKH�HQKDQFHPHQW�RI�WKH�
H�FRPPHUFH�LQGXVWU\����

.H\ZRUGV�FRPSRQHQWV��(�&RPPHUFH��0RELOH��9LUWXDO�&ORWKLQJ��,QWHUDFWLYH�GHVLJQ��
2QOLQH�6KRSSLQJ��8VHU�,QWHUIDFH��DSSDUHO��2QOLQH�6KRSSLQJ��,QWHUQHW��,QQRYDWLYHQHVV�
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���� (IILFLHQF\�RI�7ZR�9HUVLRQV�RI�612:�DJDLQVW�*XHVV�	�'HWHUPLQH�
$WWDFN�

0XKDPPDG�7DKLU��*KXODP�0XMWDED��6DRRG�=LD� 7DUUDQXP�1D]���
6LU�6\HG�8QL��RI�(QJJ��	7HFK���

0RKDPPDG�$OL�-LQQDK�)DWLPD�-LQQDK�:RPHQ�.DUDFKL��������3DNLVWDQ��
WDKLUIDWWDQL#JPDLO�FRP�JPXMWDEDNRUDL#JPDLO�FRP�WDUUDQXP�UDQD#JPDLO�FRP�

$%675$&7��7KLV�SDSHU� LV�DERXW� LPSRUWDQW� ILHOG�RI�FU\SWRJUDSK\�ZKLFK� LV�VWUHDP�
FLSKHUV��6WUHDP�FLSKHUV�DUH�XVHG�WR�FHUWLI\�FRQILGHQWLDOLW\�RQ�D�FRPPXQLFDWLRQ�FKDQQHO��
$�QXPEHU�RI�VWUHDP�FLSKHUV�KDYH�EHHQ�SURSRVHG�GXULQJ�WKH�KLVWRU\�RI�FU\SWRJUDSK\��
7KHUH�DUH�GLIIHUHQW�W\SHV�RI�VWUHDP�FLSKHUV�H�J��5&���5DEELW��6QRZ��LQ�WKLV�WKHVLV�WKH�
W\SH�RI�VWUHDP�FLSKHU�ZLOO�EH�GLVFXVVHG�LV�
612:
��7KHUH�DUH�WKUHH�YHUVLRQ�RI�VQRZ�
VQRZ����� VQRZ����DQG�PRGLILHG�YHUVLRQ�RI�VQRZ��HIILFLHQF\�SDUDPHWHUV�RI�VQRZ����
DQG� PRGLILHG� YHUVLRQ� RI� VQRZ���� ZLOO� EH� GLVFXVVHG� LQ� WKLV� SDSHU�� ,Q� WKLV� SDSHU�
HIILFLHQF\�RI�WZR�YHUVLRQ�RI�612:�KDYH�EHHQ�DQDO\]HG�DJDLQVW�*XHVV�DQG�'HWHUPLQH�
$WWDFN��
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���� 63(&7520(&75,&�$1$/<6,6�2)�/<03+2&<7(�&(//�)25�
7+(�

35(0$785(�'(7(&7,21�2)�/(8.(0,$�%<�685)$&(�
3/$6021,&�

7(&+1,48(�,1�1$123/$7)250�

.��6ULQLYDV�5DR��'U��3UHHWD�VKDUDQ��$QLO�7LZDUL��
�(&(�'HSW�72&(�978��,QGLD��
$PLW\�7HFK�DQG�(QJJ��,QGLD��

5DKXOB0LOLWDU\#\DKRR�FR�LQ�VKDUDQSUHHWD#JPDLO�FRP�DQLOWLZDUL�����#JPDLO�FRP�

$EVWUDFW��'HWHFWLRQ�RI�FDQFHU�DW�HDUO\�VWDJHV�KDV�EHFRPH�D�WRS�SULRULW\�LQ�WKH�ILHOG�RI�
PHGLFDO�VFLHQFH��7KH�H[LVWLQJ�GHWHFWLRQ�PHWKRGV�UHTXLUH�ORW�RI�URXWLQH�WHVWV�WR�FRQILUP�
WKDW�WKH�VDPSOH�LV�SRVLWLYH�ZLWK�FDQFHU�DV�WKHUH�DUH�FKDQFHV�RI�WHVW�UHVXOWV�EHLQJ�SVHXGR�
SRVLWLYH��7KLV�HDUO\�VWDJH�GHWHFWLRQ�RI�FDQFHU�ZLOO�SURYHG�WR�EH�D�JRGVHQG�IRU�WKRVH�ZKR�
DUH� WKH� YLFWLPV� RI�PRQVWURXV� GLVHDVH� FDQFHU�� ,Q� WKLV� SDSHU�� ZH� SXW� IRUZDUG� D� QHZ�
DSSURDFK�IRU�WKH�GHWHFWLRQ�RI�FDQFHU�DW�HDUO\�VWDJHV�E\�GHVLJQLQJ�D���GLPHQVLRQDO�635�
EDVHG� VHQVRU� IRU� GHWDLOHG� VSHFWUDO� DQDO\VLV� RI� ³/HXNDHPLD´� ZLWKRXW� XVLQJ� DQ\�
ELRPDUNHUV��$V�GLHOHFWULF�SURSHUWLHV�IRU�FDQFHU�FHOOV�GHYLDWH�IURP�WKH�QRUPDO�FHOO��WKH\�
FDQ� EH� LGHQWLILHG� DQG� GHWHFWHG� E\� LPSOHPHQWLQJ� SKRWRQLF� DSSURDFK�� ,Q� WKH� SUHVHQW�
ZRUN�� VLPXODWLRQV� DUH� GRQH� XVLQJ� )'7'�� 7KH� VKLIWV� LQ� WKH� RXWSXW� ZDYHIRUPV� DQG�
ZDYHOHQJWKV� KDYH� EHHQ� UHFRUGHG� IRU� D� QRUPDO� EORRG� FHOO� DQG� FDQFHURXV� FHOO�
UHVSHFWLYHO\��,W�LV�REVHUYHG�IURP�VLPXODWLRQ�WKDW�HYHQ�IRU�PLQXWH�FKDQJH�LQ�WKH�5,�RI�
WKH�ELR�DQDO\WH�RI�LQWHUHVW�DQG�IURP�ZKLFK�LW�LV�REVHUYHG�WKDW�WKHUH�LV�D�UHPDUNDEOH�VKLIW�
LQ� WKH� UHVRQDQW� ZDYHOHQJWKV� WKXV� ZLWQHVVLQJ� WKH� XOWUD� VHQVLWLYLW\� RI� WKH� GHVLJQ��
6LPXODWLRQV� DUH� GRQH� XVLQJ� 5VRIW� FDG� WRRO�� 7KH� SHDN� YDOXHV� DQG�ZDYHOHQJWK� VKLIW�
GLIIHUHQFHV� IRU� QRUPDO� FHOOV� DQG� IRU� OHXNDHPLD�� WKH� GLIIHUHQW� FHOO� FRPSRQHQWV�
O\PSKRF\WH���QXFOHXV��F\WRSODVP�DQG�WKH�LQWHQVLW\�VKLIWV�DUH�UHFRUGHG�LQ�RUGHU�WR�ILQG�
WKH� UHODWLYH� VHQVLWLYLW\� RI� WKH� GHYLFH�� 7KH� GHVLJQ� YDULDWLRQ� ZHUH� PDGH� E\� YDU\LQJ�
VHQVLQJ� OD\HU� WKLFNQHVV� DQG� H[WLQFWLRQ� FRHIILFLHQW� )LQDOO\� FRPSDULVRQ� ZDV� PDGH�
EHWZHHQ�WKDW�RI�QRUPDO�DQG�DEQRUPDO�FHOOV�WR�VKRZ�WKH�ZDYHOHQJWK�VKLIW�GLIIHUHQFHV�
VR� WKDW� WKH� VLJQDWXUH� JUDSKV� IRU� HDFK� FHOO�ZHUH� REWDLQHG� LQ� RUGHU� WR� GHWHUPLQH� WKH�
LQWHQVLW\�RI�WKH�GLVHDVH�DQG�LW�GHSHQGV�RQ�WKH�VKLIW�LQ�WKH�ZDYHOHQJWK��7KH�ZDYHOHQJWK�
VKLIW�RI�HDUO\�VWDJH�OHXNDHPLD�IRU�F\WRSODVP��QXFOHXV�DQG�O\PSKRF\WH�DUH�UDQJLQJ�IURP�
�������QP��6HQVLWLYLW\�DQG�WKH�TXDOLW\�IDFWRU�RI�WKH�VHQVRU�KDYH�EHHQ�FDOFXODWHG�IRU�
WKH�SURSRVHG�GHVLJQ��WKH�VHQVLWLYLW\�DFKLHYHG�LV����QP�5,8�DQG�WKH�TXDOLW\�IDFWRU�LV�
��������

.H\�ZRUGV� 2SWLFDO�:DYHJXLGH��%LRVHQVRUV��6XUIDFH�3ODVPRQ�5HVRQDQFH��5HIUDFWLYH�
,QGH[��6HQVLWLYLW\��4XDOLW\�IDFWRU���
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���� 'LJLW�5HFRJQL]HU�XVLQJ�01,67�'DWDVHW�

=DUD�7DULT��6DSQD�.XPDUL��'U��,PUDQ�$PLQ��
6KDKHHG�=XOILNDU�$OL�%KXWWR�,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\��3DNLVWDQ�

=DUD�WDULT�FV#JPDLO�FRP��6DSQDSXQMZDQL#KRWPDLO�FRP��
,PUDQ�DPLQ#V]DELVW�HGX�SN�

$EVWUDFW�+DQGZULWWHQ�'LJLW�5HFRJQLWLRQ�WHFKQLTXH� LV�DQ�DUHD�RI� LPDJH�SURFHVVLQJ��
SDWWHUQ�UHFRJQLWLRQ�DQG�IHDWXUH�H[WUDFWLRQ�WHFKQLTXH�ZKLFK�DUH�XVHG�WR�UHFRJQL]H�DQG�
LGHQWLI\�KXPDQ�ZULWWHQ�FKDUDFWHUV��7KH�PDLQ�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�OHW�PDFKLQH�
UHFRJQL]H�WKH�FKDUDFWHUV�ZKLFK�DUH�ZULWWHQ�E\�KXPDQ��XVLQJ�VRPH�RI�WHFKQLTXHV�RQ�D�
YHU\�EDVLF�EXW�ZHOO�NQRZQ�GDWDVHW�01,67�ZKLFK�LV�HDVLO\�DYDLODEOH�RQ�LQWHUQHW��,Q�WKH�
SURSRVHG�ZRUN��JUDGLHQW�IHDWXUHV�DQG�FKDUDFWHU�JHRPHWU\�WHFKQLTXH�KDYH�EHHQ�XVHG�
ZLWK� WKH�FRPELQDWLRQ�RI�DUWLILFLDO� QHXUDO�QHWZRUN� IRU� FKDUDFWHU� UHFRJQLWLRQ� V\VWHP��
7KH�ZKROH� SURFHVV� KDV� EHHQ� VHJPHQWHG� LQWR� IRXU� SDUWV�ZKLFK� DUH�� SUH�SURFHVVLQJ��
VHJPHQWDWLRQ��IHDWXUH�H[WUDFWLRQ�DQG�ILQDOO\�FODVVLILFDWLRQ�ZKLFK�LQFOXGHV�UHFRJQLWLRQ��
7KH�01,67�GDWDVHW�KDV�EHHQ�XVHG�IRU�WKH�H[SHULPHQWDO�SXUSRVH��7KHVH�LPDJHV�DFWHG�
DV�DQ�LQSXW�WR�WKH�SURFHGXUH�IRU�WUDLQLQJ�WKH�V\VWHP�XVLQJ�$UWLILFLDO�1HXUDO�1HWZRUN�
7HFKQLTXH� WKDW� ZDV� IXUWKHU� XVHG� IRU� FODVVLILFDWLRQ� DQG� UHFRJQLWLRQ� RI� KDQGZULWWHQ�
FKDUDFWHUV��7KH�SHUIRUPDQFH�RI�WKH�SURFHVV�KDV�EHHQ�REVHUYHG�IRU�WKH�FODVVLILFDWLRQ�RI�
WKH�FKDUDFWHUV�RI�(QJOLVK�WH[W�WKDW�ZHUH�ZULWWHQ�LQ�XSSHU�FDVHV�RQO\��%XW�VWLOO��LW�UHTXLUHV�
DGGLWLRQDO�H[DPLQDWLRQ�DQG�LPSURYHPHQWV�IRU�WKH�VHJPHQWHG�OHWWHUV�ZKLFK�FRXOG�EH�
REWDLQHG�LQ�RUGHU�WR�DFFRPSOLVK�JUHDWHU�DFFXUDF\�UDWH����

.H\ZRUGV�� &RPSXWHU� 9LVLRQ�� 1HXUDO� 1HWZRUNV�� ,PDJH� 3URFHVVLQJ�� 'LJLW�
5HFRJQLWLRQ�� 01,67� 'DWDVHW�� )HDWXUH� ([WUDFWLRQ�� +DQGZULWWHQ� &KDUDFWHU�
5HFRJQLWLRQ�� 6XSSRUW� 9HFWRU� 0DFKLQH�� *UDGLHQW� )HDWXUH�� )HHG�)RUZDUG� $UWLILFLDO�
1HXUDO�1HWZRUN��
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���� +LJK�6SHHG�2)'0�EDVHG�,PDJH�WUDQVPLVVLRQ�V\VWHP�IRU�5HPRWHO\�
2SHUDWHG�

8QGHUZDWHU�9HKLFOH��529��

1DYHHQ�+��'U��6UHHUDPD�5HGG\�*�0��&KHWDQ�+�
1HZ�+RUL]RQ�&ROOHJH�RI�(QJLQHHULQJ��%DQJDORUH��978��%HOJDXP��,QGLD���

&�%\UHJRZGD�,QVWLWXWH�RI�7HFKQRORJ\��.RODU��,QGLD��

$EVWUDFW� 7KH� UHVHDUFK� RQ� ZLUHOHVV� XQGHUZDWHU� FRPPXQLFDWLRQ� SDUWLFXODUO\� RQ�
DFRXVWLF� FRPPXQLFDWLRQ� KDV� EHHQ� WKH� FRUH� DUHD� RI� UHVHDUFK� LQ� UHFHQW� \HDUV�� 7KH�
UHVHDUFK�ZRUN�IRFXVHV�RQ�GHVLJQ�DQG�PRGHOOLQJ�RI�2)'0�EDVHG�LPDJH�WUDQVPLVVLRQ�
V\VWHP�IRU�PLQLDWXUH�UHPRWHO\�RSHUDWHG�XQGHUZDWHU�YHKLFOH��529���7KH�UHVHDUFK�ZRUN�
IRFXVHG� WR� GHVLJQ� DQG� FRQVWUXFW� DQ� XQGHUZDWHU� UHPRWHO\�RSHUDWHG� YHKLFOH� �529���
ILWWHG�ZLWK�D����D[LV�SRVLWLRQLQJ�V\VWHP��DQ�LPDJH�WUDQVPLVVLRQ�V\VWHP��DQG�D���D[LV�
�SLWFK�DQG�UROO��FRQWURO�V\VWHP� WR�DVVLVW� LPDJLQJ�DQG�SRVLWLRQDO� VWDELOLW\��7KH�SDSHU�
LQFOXGHV�WKH�GHVLJQ�DQG�GHYHORSPHQW�RI�DQ�$50�&RUWH[�0��PLFURFRQWUROOHU�EDVHG�
HOHFWURQLF�FLUFXLW�IRU�
WKH�RSHUDWRU�LQWHUIDFH��DQG�DQRWKHU�$50�&RUWH[�0��PLFURFRQWUROOHU�EDVHG�HOHFWURQLF�
FLUFXLW�WKDW�FRQWUROV� WKH�VHYHQ�'&�PRWRUV�ILWWHG�ZLWK�SURSHOOHUV��7KH�SDSHU�LQFOXGHV�
FRPSDUDWLYH� UHVXOWV� RI� ))7� 2)'0� IRU� KLJK� VSHHG� LPDJH� WUDQVPLVVLRQ� 7KH� 529�
SURMHFW� XOWLPDWHO\� UHSUHVHQWV� DQ� RYHUODS� RI� LQWHUHVWV�� FRQWURO� V\VWHPV�� XQGHUZDWHU�
LPDJLQJ�V\VWHP��DQG�HOHFWURQLFV����

.H\ZRUGV��2)'0��8QGHUZDWHU�&RPPXQLFDWLRQ��529��,PDJH�7UDQVPLVVLRQ�6\VWHP�



ϳϱ�ͮ�W Ă Ő Ğ

���� 4XDOLWDWLYH�DQG�4XDQWLWDWLYH�$QDO\VLV�RI�0LFURELRORJ\�DQG�
$QWL0LFURELDO�5HVLVWDQFH�RI�*KDUR�:DWHU�6DPSOHV��.DUDFKL�±�

3DNLVWDQ��

$VPD�%DVKLU��.LUDQ�)DWLPD��$VIDQG\DU�&KDXGKDU\��1HKD�)DULG�DQG�.DVKLI�$OL��
'HSDUWPHQW�RI�%LRVFLHQFHV��6KDKHHG�=XOILNDU�$OL�%KXWWR�,QVWLWXWH�RI�6FLHQFH�DQG�

7HFKQRORJ\��.DUDFKL��3DNLVWDQ��
8QLYHUVLW\�RI�+RKHQKHLP��6WXWWJDUW��*HUPDQ\�

$EVWUDFW� ,QWURGXFWLRQ��*KDUR� LV� D� FLW\� LQ�7KDWWD�'LVWULFW��6LQGK��7KH�SHRSOH�RI� WKH�
GLVWULFW�DUH�GHSULYHG�RI�EDVLF�FLYLF�IDFLOLWLHV�OLNH�GUDLQDJH�IHDWXUH��SRUWDEOH�ZDWHU�DQG�
VDQLWDWLRQ�IDFLOLWLHV�WKDW�FDQ�EH�D�PDMRU�FDXVH�RI�FRQWDPLQDWLRQ�LQ�WKH�QHDUE\�ULYHUV��
ODNHV�DQG�SRQGV�WKDW�DUH�WKH�RQO\�VRXUFH�RI�ZDWHU�DYDLODEOH�GRPHVWLF�DQG�LQGXVWULDO�XVH�
LQ�WKH�DUHD��0HWKRGV�����VDPSOHV�RI�GULQNLQJ�ZDWHU����OLWUH��ZHUH�FROOHFWHG�IURP�YDULRXV�
VRXUFHG�LQ�WKH�FLW\�DQG�ZHUH�WKHQ�WUDQVIHUUHG�WR�WKH�,,'5/�.8�IRU�DQDO\VLV��(DFK�RI�
WKH�VDPSOHV�RI�WKH�VDPSOH�FROOHFWHG�ZDV�DQDO\VHG�E\�0HPEUDQH�)LOWUDWLRQ�7HFKQLTXHV�
RQ� D� YDULHW\� RI� GLIIHUHQWLDO� DQG�PLFURELRORJLFDO� PHGLD�� )RU� WKH� QH[W� SKDVH� DOO� WKH�
SRWHQWLDO�SDWKRJHQV�ZHUH�LGHQWLILHG�XVLQJ�FRQYHQWLRQDO�DQG�UDSLG��476�����PHWKRGV�
DQG�WKHQ�ZHUH�UXQ�WKURXJK�.LUE\�%DXHU�PHWKRG�IRU�DQWLELRWLF�VXVFHSWLELOLW\��)XUWKHU�
0LQLPXP�,QKLELWRU\�&RQFHQWUDWLRQ�ZDV�IRXQG�XVLQJ�PLFUR�GLOXWLRQ�PHWKRG��5HVXOWV��
$OPRVW�HDFK�RI�WKH�WHVWHG�VDPSOHV�ZDV�IRXQG�WR�EH�SRVLWLYH�IRU�WKH�SUHVHQFH�RI�SRWHQWLDO�
JUDP�SRVLWLYH�DQG�QHJDWLYH�PLFUREHV�ZLWK�(VFKHULFKLD��&ROL�EHLQJ�WKH�PRVW�DEXQGDQW�
IRXQG�LQ�PRUH�WKDQ�KDOI�RI�WKH�VDPSOHV��,Q�WKH�VHFRQG�SKDVH�SRWHQWLDO�PLFUREHV�ZHUH�
IRXQG�WR�TXLWH� UHVLVWDQW�DJDLQVW�D�QXPEHU�RI�DQWLELRWLFV�ZLWK�'R[\F\FOLQH�EHLQJ�WKH�
OHDVW�HIIHFWLYH�DQG�VKRZLQJ�D�����UHVLVWDQFH��&RQFOXVLRQ��7KH�DQDO\VLV�FOHDUO\�VKRZV�
WKDW�D�YDULHW\�RI�SRWHQWLDO�PLFUREHV�DUH�SUHVHQW�LQ�WKH�ZDWHU�WKDW�FDQ�EH�PDMRU�FDXVH�RI�
*,�GLVHDVHV�DQG�WKH�SUHVHQFH�RI�(�&ROL�FOHDUO\�LQGLFDWHG�WKH�FRQWDPLQDWLRQ�RI�ZDWHU�
WKURXJK� IDHFDO� PDWWHU�3OXV�� KLJK� OHYHO� RI� DQWLELRWLF� UHVLVWDQFH� DPRQJ� SRWHQWLDO�
SDWKRJHQV�LV�D�PDWWHU�RI�JUHDW�FRQFHUQ�IRU�SXEOLF�KHDOWK���

.H\ZRUGV��&RQWDPLQDWLRQ��'R[\F\FOLQH��(VFKHULFKLD�FROL��0HPEUDQH�ILOWUDWLRQ�
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���� $QWLPLFURELDO�VFUHHQLQJ�RI�:LWKDQLD�FRDJXODQV�DQG�1LJHOOD�VDWLYD�
DJDLQVW�

FOLQLFDO�VNLQ�LQIHFWLRQ�LVRODWHV�

$VPD�%DVKLU��.LUDQ�)DWLPD��1HKD�)DULG��.DVKLI�$OL��
'HSDUWPHQW�RI�%LRVFLHQFHV��6KDKHHG�=XOILNDU�$OL�%KXWWR�,QVWLWXWH�RI�6FLHQFH�DQG�

7HFKQRORJ\��.DUDFKL��3DNLVWDQ��

$EVWUDFW� 7KH� UHVHDUFK� IRFXVHVRQ� WKH� DQWLPLFURELDO� DFWLYLW\�RI�:LWKDQLD� FRDJXODQV�
DJDLQVW�1LJHOOD�VDWLYD��:LWKDQLD�FRDJXODQV���DOVR�FRPPRQO\�NQRZQ��DV�3DQHHU�'RGD�
LQ� 3DNLVWDQ�� LV� D�PHGLFLQDO� KHUE� WKDW� LV� VRRQ� IDFLQJ� H[WLQFWLRQ�� ,W� KDV� EHHQ� XVHG� LQ�
LQGLJHQRXV�PHGLFLQH�VLQFH�DQFLHQW�WLPHV��,W�ZRUNV�DV�D�WKHUDSHXWLF�DJHQW�WKDW�LV�XVHG�
WR� FXUH� YDULRXV� GLVHDVHV� LQFOXGLQJ� 'LDEHWHV� DQG� 6PDOO� 3R[�� 1LJHOOD� VDWLYD� ±� DOVR�
JHQHUDOO\�FDOOHG�%ODFN�FXPLQ�RU�.DORQML��RQ�WKH�RWKHU�KDQG�LV�XVHG�LQ�KHUEDO�PHGLFLQH�
DV�ZHOO��WR�WUHDW�DQG�SUHYHQW�D�QXPEHU�RI�GLVHDVHV�LQFOXGLQJ�$VWKPD�DQG�'LDUUKHD��7KH�
PHWKRGV� WKDW� KDYH� EHHQ� RSWHG� IRU� WKH� VWXG\� DUH� 'LVF� 'LIIXVLRQ�0HWKRG� DQG�:HOO�
'LIIXVLRQ�0HWKRG��,W�ZDV�REVHUYHG�WKDW�RXW�RI�WKH�WZR�PHWKRGV�WKDW�ZHUH�RSWHG��WKH�
:HOO�'LIIXVLRQ�PHWKRG�JDYH�EHWWHU�UHVXOWV�UHODWLYH�WR�WKH�'LVF�'LIIXVLRQ�0HWKRG��7KH�
VWXG\�RI� WKH� UHVHDUFK�ZDV� IUXLWIXO� LQ�GHPRQVWUDWLQJ� WKH�DQWLPLFURELDO�DFWLRQ�RI�ERWK�
:LWKDQLD�FRDJXODQV�DQG�1LJHOOD�VDWLYD��,W�ZDV�DGGLWLRQDOO\�KHOSIXO� LQ�GLVWLQJXLVKLQJ�
$JDU�:HOO�'LIIXVLRQ�0HWKRG�DV�WKH�PRUH�GHILQLWLYH�PHWKRG�WKDW�SURYLGHG�PRUH�UHOLDEOH�
UHVXOWV����

.H\ZRUGV��:LWKDQLD�FRDJXODQV��1LJHOOD�VDWLYD��$QWLPLFURELDO��
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���� 'HVLJQ�RI�6LGH�OLQN�3URWRFRO�IRU�'�'�&RPPXQLFDWLRQV�LQ�9$1(7V�
XVLQJ�/7(�$�

6KDUPLOD��.��3�DQG�&��5DPHVK��
&05�,QVWLWXWH�RI�7HFKQRORJ\��%DQJDORUH�

VKDUPLOD�NS#FPULW�DF�LQ�FUDPHVKPDLO#JPDLO�FRP�

$EVWUDFW ,QFUHDVLQJ� GHPDQGV� IRU� KLJKO\� HIILFLHQW� SUR[LPLW\� QHWZRUNV� OHG� WR� WKH�
GHULYDWLRQ� RI� /7(�$� �/7(�$GYDQFHG�� E\� �*33� ��UG� �*HQHUDWLRQ�
3DUWQHUVKLS3URMHFW��,WV�VXSHULRU�FKDUDFWHULVWLFV�LQ�WHUPV�RI�FDSDFLW\�DQG�GDWD�UDWHV�PDNH�
LW�D�XVHUIULHQGO\�RSWLRQ�WR�UHDOL]H�WKH�SLSH�GUHDP�RI�HIILFLHQW�FRPPXQLFDWLRQ�IRU�VHYHUDO�
FRPPXQLFDWLRQ�PRGXOHV��'HYLFH�WR�'HYLFH��'�'��FRPPXQLFDWLRQ�LV�RQH�VXFK�VFKHPH�
WKDW�DGRSWHG�WKH�IHDWXUHV�RI�/7(�$�WR�HQVXUH�WKH�TXDOLW\�RI�H[SHULHQFH�DQG�VHUYLFHV�IRU�
WKH�XVHUV��'�'�DLPV�DW�HVWDEOLVKLQJ�GHYLFH�FRQQHFWLYLW\�E\�LQWHUOLQNLQJ�GHYLFHV�LQ�WKH�
YLFLQLW\��'LUHFW� FRQQHFWLYLW\� DQG� FRQQHFWLYLW\� YLD�(1RGH%� �H1%�� DUH� WKH� DGYLVDEOH�
VFKHPHV�RI�'�'�&RPPXQLFDWLRQ��)XUWKHU�HQKDQFHPHQW�LV�'�'�LV�UHDOL]HG�LQ�WKH�IRUP�
RI�VLGH�OLQN�ZKLFK�HQVXUHV�GLUHFW�FRQQHFWLYLW\�RI�GHYLFHV�E\�HOLPLQDWLQJ�H1%�URXWLQJ��
7KLV� DFKLHYHPHQW� E\� �*33� HQKDQFHV� WKH� FR�H[LVWHQFH� RI� VLGH�OLQN� DQG�'�'�ZKLFK�
PDNHV� LW� DGRSWDEOH� LQ� YDULRXV� YDOXH� DGGHG� VHUYLFHV��2QH� VXFK� YDOXH� DGGHG� VHUYLFH�
H[LVWV� DV� 9$1(76� �9HKLFXODU� DG�KRF� QHWZRUNV��� GHVLJQHG� IRU� LQWHU� YHKLFXODU�
FRPPXQLFDWLRQ� WR� HOHYDWH�TXDOLW\�RI� OLYLQJ�RI� WKH�SHRSOH�E\� HQVXULQJ�SXEOLF�VDIHW\��
7KLV� SDSHU� PDLQO\� IRFXVHV� RQ� 5DGLR� 5HVRXUFH� &RQWUROOHU� �55&��� 0HGLD� $FFHVV�
&RQWURO��0$&��DQG�3UR6H�OD\HUV�RI��*33�SURWRFRO�VWDFN���

.H\ZRUGV²'�'��/7(�$��6LGH�OLQN��9$1(7�3UR[LPLW\�6HUYLFHV�
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���� *UDWLQJ�%DVHG�3UHVVXUH�PRQLWRULQJ�V\VWHP�IRU�VXEDTXDWLF�DSSOLFDWLRQ

5HJLQD�0DWKLDV��$PEUHVK�3�$PEDOJL��$QXS�0�8SDGK\D\D��
0DQJDORUH�8QLYHUVLW\��0DQJDORUH��,QGLD�

7KH�2[IRUG�&ROOHJH�RI�(QJLQHHULQJ��%DQJDORUH�±���������.DUQDWDND��,QGLD��
UHJLQDPWKV#JPDLO�FRP��PEUHVKSD#UHGLIIPDLO�FRP��XSDGK\D\DDQXS��#JPDLO�FRP�

$EVWUDFW�,Q�WKLV�ZRUN�ZH�SURSRVHG�ILEUH�%UDJJ�JUDWLQJ�EDVHG�SUHVVXUH�VHQVRU��WR�GHWHFW�
WKH� SUHVVXUH� LQ� VXEDTXDWLF� DSSOLFDWLRQ�� )RU� VSHFLILF� XQGHUZDWHU� SUHVVXUH� LQWHUYDOV��
FKDQJH�LQ�ZDYHOHQJWK�RI�)%*�VHQVRU�LV�VLPXODWHG�ZLWK�SKRWRQLF�GHVLJQ�VRIWZDUH��
2EWDLQHG�UHVXOWV�H[KLELWHG�GLVWLQFW�VKLIW�LQ�SHDN�UHVRQDQW�ZDYHOHQJWK�ZLWK�ZDYHOHQJWK�
UDQJLQJ� IURP� ����QP�����QP� ZLWK� 4� IDFWRU� RI� ��� �������� )%*� HQFDSVXODWHG�
PHFKDQLFDO�PRGHO�GHVLJQHG�DQG�DQDO\]HG�WR�LQYHVWLJDWH�VWUDLQ�EHKDYLRU�GXH�WR�SUHVVXUH�
DSSOLFDWLRQ�� 3UHVVXUH� DQG� VWUDLQ� FKDQJH� YDOXHV� DUH� RYHUODSSLQJ� IRU� WKH� RSHUDEOH�
ZDYHOHQJWK�RI��������GXULQJ�PHFKDQLFDO�DQG�RSWLFDO�DQDO\VLV��$EVROXWH�VHQVLWLYLW\�RI�
VHQVRU�IRXQG�WR�EH����������5,8�7KLV�3URSRVHG�VHQVRU�FDQ�SOD\�VLJQLILFDQW�UROHV�LQ�
VWXG\LQJ�XQGHUZDWHU�GLYLQJ�FRQGLWLRQV����

.H\ZRUGV��)LEHU�%UDJJ�*UDWLQJ��)%*���6XEDTXDWLF��3UHVVXUH�0RQLWRU��*UDWLQJ�02'��
&RXSOLQJ�FRHIILFLHQW�
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���� 5HDO�7LPH�&URZG�$QDO\VLV�IRU�6XUYHLOODQFH�$SSOLFDWLRQV�LQ�6PDUW�
&LW\�XVLQJ�

&RPSXWHU�9LVLRQ�

$GHHO�.DULP�%XNVK��6LNDQGHU�.KDQ�0DQGRNKDLO��$VLI�$OL�%KXWWR��,PUDQ�$PLQ��
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��6=$%,67��.DUDFKL��3DNLVWDQ���
DGHHO�NDULP#V]DELVW�HGX�SN��VLNDQGDU�NKDQ#V]DELVW�HGX�SN���
DVLI�EKXWWR#V]DELVW�HGX�SN��LPUDQ�DPLQ#V]DELVW�HGX�SN�

$EVWUDFW�0RGHUQ�ZRUOG�IDFH�FKDOOHQJHV�LQ�VXUYHLOODQFH�ZLWK�JURZLQJ�SRSXODWLRQ�DQG�
OLPLWHG� ERXQGDULHV�� 7KH� FRPSOH[� VXUYHLOODQFH� WHFKQLTXHV� LQFRUSRUDWH� EHKDYLRU�
DQDO\VLV� WKDW� SUHGLFW� WKH� QH[W� PRYH� RI� WKH� VXEMHFW�� 7KH� DXWRPDWHG� DJHQWV� DUH�
SURJUDPPHG� IURP� QXPHULFDO� FXWWLQJ� WRROV� WR� VRFLDO� QHWZRUN� DQDO\VLV�� IURP�
VXUYHLOODQFH� WR� RUELWDO� SUHGLFWLRQV�� ,PDJH� SURFHVVLQJ� LQ� FRPSXWHU� VFLHQFHV� FDOOHG�
FRPSXWHU�YLVLRQ�KDV�DFKLHYHG�PRUH�OLNH�KXPDQ�FRJQLWLRQ�DQG�\HW�WR�EH�FRQVFLRXV�DQG�
DZDUH�RI�WKH�VXUURXQGLQJ��3URSRVHG�V\VWHP�LV�D�SURSRVHG�PRGHO�IRU�FURZG�DQDO\VHV�LQ�
UHDO�WLPH��7KH�DOJRULWKP�IROORZ�VLPSOH�VWHSV�VXFK�DV�SDVVLQJ�DQ�LPDJH�LQ�WR�D�SHUVRQ�
GHWHFWRU��FRXQWLQJ�WKH�QXPEHU�RI�GHWHFWHG�SHUVRQ�DQG�SDVVLQJ�LW�WR�WKH�GHFLVLRQ�EORFN��
7KLV� DSSURDFK� FDQ�EH�XVHIXO� LQ� IDFWRULHV�� ,QVWLWXWHV��&RUSRUDWH�%XLOGLQJV�� LQYHQWRU\�
URRP� DQG� VXSHU�PDUWV�� $� &&79� LV� DYDLODEOH� URXQG� WKH� FORFN� DQG� LQVWDOOHG� DV� D�
FRPSOLDQFH�LQ�DOPRVW�DOO�EXVLQHVVHV��7KH�V\VWHP�ZLOO�JHW�LQSXW�IURP�WKH�&&79��VOLFH�
YLGHR� LQWR� IUDPHV�� FRXQW� QXPEHU� RI� SHUVRQV� LQ� HDFK� IUDPH�� 'HFLGH� ZKHWKHU� WKH�
FRQGLWLRQ�VDWLVHV�WKDW�WKH�FURZG�LV�H[FHHGLQJ�WKH�OLPLW�SURYLGHG�E\�WKH�PDQDJHPHQW��$
VLPSOH�DOHUW� LV�D�SRS�XS�WKDW�LV�VKRZQ�RQ�WKH�V\VWHP�UXQQLQJ�WKH�DOJRULWKP��5HVXOWV�
YHULI\�VXFK�DQ�DSSURDFK�LQ�,QVWLWXWHV�SDVVWKURXJK�JDWH�WR�EH�XVHIXO�UDWKHU�WKDQ�XVLQJ�
PRUH�H[SHQVLYH�VHQVRU�EDVHG�HTXLSPHQW�LQVWDOOHG�DW�WKH�HQWUDQFHV����

.H\ZRUGV��&&79��&URZG�$QDO\VLV��3HRSOH�&RXQWLQJ��7HPSODWH�0DWFKLQJ��
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���� &RPSDULVRQ�RI�FRPSUHVVHG�VHQVLQJ�006(�&KDQQHO�HVWLPDWLRQ�ZLWK�
FRQYHQWLRQDO�/6�DQG�006(�

3DSSD�0��5DPHVK�&��
&05�,QVWLWXWH�RI�7HFKQRORJ\��%DQJDORUH���������.DUQDWDND��,QGLD��

SDSSDSDODQL#\DKRR�FR�LQ��FUDPHVKPDLO#JPDLO�FRP�

$EVWUDFW�7KH�FXUUHQW�GHYHORSPHQW�RI�ZLUHOHVV�FRPPXQLFDWLRQ�V\VWHPV�KDV�LPSHOOHG�
ULVH� RI� /RQJ� 7HUP� (YROXWLRQ� �/7(��� /7(� NQRZQ� WR� EH� IRXUWK� JHQHUDWLRQ�
FRPPXQLFDWLRQ�WHFKQLTXH�KDV�WKH�DELOLW\�WR�SURYLGH�KLJK�GDWD�UDWH�DQG�FDSDFLW\��7KLV�
ZDV�FRQFHLYDEOH�GXH�WR�0XOWLSOH�,QSXW�0XOWLSOH�2XWSXW��0,02��2UWKRJRQDO�IUHTXHQF\�
GLYLVLRQ�PXOWLSOH[LQJ�V\VWHP��2)'0���,Q�YLHZ�RI�WKH�IDFW�WKDW�GDWD�JHWV�FRUUXSWHG��GXH�
WR� LQWHUIHUHQFH� RI� DQ� DVVRUWPHQW� RI� QRLVH�� LW� LV� UHTXLUHG� WR� HVWLPDWH� WKH� FKDQQHO� WR�
UHFRYHU�EDFN�WKH�RULJLQDO�GDWD��7KLV�SDSHU�PDQDJHV�WKH�VWUDWHJ\�IRU�HYDOXDWLQJ�&KDQQHO�
XWLOL]LQJ� FRPSUHVVHG�VHQVLQJ� WHFKQLTXH��7KLV� WHFKQLTXH�ZKLFK� LV� H[SORULQJ� UHFHQWO\�
JXDUDQWHHV� LPSURYHG� PHWKRG� RI� UHFRYHULQJ� VLJQDO� IURP� VPDOOHU� PHDVXUHPHQWV�� ,I�
VLJQDO� FDQ� EH� UHSUHVHQWHG� KDV� VSDUVH�� WKHQ� WKHVH� FKDQQHOV� WKDW� DUH� ZLUHOHVV� VKRZV�
UHVSRQVH� RI� VLJQDO� WKDW� DUH� LPSXOVH�� IRU� HVWLPDWLRQ� RI� FKDQQHO� FRPSUHVVHG� VHQVLQJ�
GHPRGXODWLRQ� UHIHUHQFH� VLJQDO� VFKHPH� KDV� EHHQ� SURSRVHG�� )URP� UHVXOWV� LW� ZLOO� EH�
LQIHUUHG�WKDW�WKH�
SURSRVHG�PHWKRG�ZLOO�SHUIRUP�KLJKHU�ZKHQ�FRPSDUHG�WR�WUDGLWLRQDO�PHWKRG�VXFK�DV�
OHDVW�VTXDUH��/6��DQG�PLQLPXP�PHDQ�VTXDUH�HUURU��006(�����

.H\ZRUGV��&KDQQHO�HVWLPDWLRQ��2)'0��0,02��/6��006(��&RPSUHVVHG�VHQVLQJ�
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���� &RPSDUDWLYH�$QDO\VLV�EHWZHHQ�&RQYHQWLRQDO�DQG�0RGLILHG�&DVFDGHG�
+�%ULGJH�

1LQH�/HYHO�7RSRORJLHV�XVLQJ�0XOWLFDUULHU�3XOVH�:LGWK�0RGXODWLRQ�
7HFKQLTXHV�

-DKDQJHHU�6RRPUR��)DKHHP�$��&KDFKDU��6RKDLO�6RRPUR��(UXP�$��4DVPL��-DPVKHG�
$QVDUL��

'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��6XNNXU�,QVWLWXWH�RI�%XVLQHVV�$GPLQLVWUDWLRQ��
6LQGK��3DNLVWDQ���������

MDKDQJLU�VRRPUR#LED�VXN�HGX�SN��IDKHHP�DNKWDU#LED�VXN�HGX�SN��
VRKDLO�VRRPUR#LED�VXN�HGX�SN��HUXP�HH#LED�VXN�HGX�SN��

MDPVKHG�DKPHG#LEDVXN�HGX�SN�

$EVWUDFW²0XOWLOHYHO� ,QYHUWHUV� DUH�XVHG� WR� RSHUDWH� VHQVLWLYH�GHYLFHV� DQG� ORDGV� WKDW�
UHTXLUH� EHWWHU� SRZHU� TXDOLW\� DQG� ORZHU� WRWDO� KDUPRQLF� GLVWRUWLRQV�� 7KLV� UHVHDUFK�
SURSRVHV� D� GHWDLOHG� FRPSDUDWLYH� DQDO\VLV� EHWZHHQ� FRQYHQWLRQDO� QLQH� OHYHO� DQG�
PRGLILHG�QLQH� OHYHO� WRSRORJ\�XVLQJ� OHYHO� VKLIWHG� VLQXVRLGDO�SXOVH�ZLGWK�PRGXODWLRQ�
VXFK� DV�� ,Q� 3KDVH� 'LVSRVLWLRQ� �,3'��� 3KDVH� 2SSRVLWLRQ� 'LVSRVLWLRQ� �32'�� DQG�
$OWHUQDWH�3KDVH�2SSRVLWLRQ�'LVSRVLWLRQ��$32'��DW�GLIIHUHQW�PRGXODWLRQ�LQGH[�YDOXHV�
LQ�0$7/$%�6,08/,1.� VRIWZDUH�� )LQDOO\�� PRGLILHG� WRSRORJ\� LV� VXJJHVWHG� WR� EH�
EHWWHU�FKRLFH�DV� LW�XVHV�RQO\�VHYHQ�VZLWFKHV�ZKHUHDV�FRQYHQWLRQDO� WRSRORJ\�XWLOL]HV�
VL[WHHQ�VZLWFKHV��7KXV��PRGLILHG�WRSRORJ\�KDV�YHU\�OHVV�VZLWFKLQJ�ORVVHV�DQG�LWV�JDWH�
GULYH�FLUFXLWU\�LV�OHVV�FRPSOLFDWHG�DV�FRPSDUHG�WR�FRQYHQWLRQDO�WRSRORJ\��)XUWKHUPRUH��
WKH� SRZHU� TXDOLW\� LV� DOPRVW� VDPH� LQ� ERWK� WRSRORJLHV�� $OVR� LW� LV� REVHUYHG� IURP� WKH�
VLPXODWHG�UHVXOWV� WKDW�QLQH� OHYHO� LQYHUWHU�RIIHUV�EHWWHU�SRZHU�TXDOLW\�DQG�ORZHU� WRWDO�
KDUPRQLF�GLVWRUWLRQV�DV�FRPSDUHG�WR�ILYH�OHYHO�DQG�VHYHQ�OHYHO�WRSRORJLHV��+HQFH��ILOWHU�
VL]H�DQG�ILOWHULQJ�ORVVHV�ZLOO�EH�ORZHU�LQ�QLQH�OHYHO�WRSRORJ\����

.H\ZRUGV²�6LQXRLVRLGDO�3XOVH�:LGWK�0RGXODWLRQ�7RWDO�+DUPRQLF�'LVWRUWLRQ��3RZ�
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���� 9LVXDOL]LQJ�3HRSOH
V�(PRWLRQV�LQ�)DFHERRN�

1�$=0,1$�0��=$0$1,��6,7,�=��=��$%,',1��1$6,52+�20$5��6+$5,)$+�
$/,0$1�

)DFXOW\�RI�&RPSXWHU�DQG�0DWKHPDWLFDO�6FLHQFHV��8QLYHUVLWL�7HNQRORJL�0$5$��
������6KDK�$ODP��6HODQJRU��0$/$<6,$��

QDP]�LQD#JPDLO�FRP��^]DOHKD��QDVLURK��VKDULIDKDOL`#WPVN�XLWP�HGX�P\�

$EVWUDFW��)DFHERRN�LV�WKH�PRVW�FRPPRQ�SODWIRUP�ZKHUH�SHRSOH�FDQ�FRPPHQW��JLYH�
RSLQLRQV� DQG�FRQYH\� WKHLU� IHHOLQJV�E\�XVLQJ� WH[WV� WKDW�QRUPDOO\�DUH�HPEHGGHG�ZLWK�
HPRWLFRQV�� 7KH� FRQWHQWV� RI� HYHU\� SRVW� DQG� FRPPHQW� VKDUHG� E\� WKH� XVHUV� FRQWDLQ�
YDULRXV�W\SHV�RI�LVVXHV��,W�EHFRPHV�FRPSOLFDWHG�WR�REVHUYH�WKHVH�ODUJH�DPRXQWV�RI�GDWD�
PDQXDOO\�� +HQFH�� WKLV� SDSHU� DLPV� WR� YLVXDOL]H� WKH� UHVXOWV� REWDLQHG� ZKLFK� DUH� WKH�
SHRSOH
V� HPRWLRQV� EDVHG� RQ� WKH� WH[WV� XVHG� E\� )DFHERRN� XVHUV� LQ� WKH� SRVWV� DQG�
FRPPHQWV�� 7KH� REMHFWLYHV� DUH� WR� TXDQWLI\� WH[WV� LQ� (QJOLVK� DQG� 0DOD\� WR� REWDLQ�
PHDQLQJIXO�ZRUGV��YLVXDOL]H�GDWD�EDVHG�RQ�WKH�REWDLQHG�ZRUGV�DQG�HYDOXDWH�WKH�UHVXOWV��
7ZR� PHWKRGV� DUH� DSSOLHG� YLD� D� FRPELQDWLRQ� RI� ERWK� SRLQW�EDVHG� DQG� UHJLRQEDVHG�
YLVXDOL]DWLRQ�WHFKQLTXHV��DQG�SL[HO�RULHQWHG�WHFKQLTXH��7ZR�FDVH�VWXGLHV�DUH�SHUIRUPHG�
RQ� PRELOH� SKRQHV� )DFHERRN� SDJHV� �1RNLD�� 6DPVXQJ� DQG� 6RQ\�� DQG� 8QLYHUVLWL�
7HNQRORJL�0$5$��8L70��EXUVDU\�)DFHERRN�SDJH��7KH�ILUVW�FDVH�VWXG\�XVHV�0XUYLV�
WRRO� ZKLFK� SURGXFH� �'� DQG� �'� YLHZV� LQYROYLQJ� WKH� SRLQW�EDVHG� DQG� UHJLRQEDVHG�
YLVXDOL]DWLRQ�WHFKQLTXHV��ZKHUHDV�WKH�SL[HO�RULHQWHG�YLVXDOL]DWLRQ�WHFKQLTXH�LV�DSSOLHG�
IRU� WKH� VHFRQG� FDVH� VWXG\�� 0XUYLV� LV� DQ� LPSURYLVHG� WRRO� WKDW� DOORZV� XVHU� WR� YLHZ�
DQDO\]HG�UHVXOWV�LQ�ERWK��'�DQG��'�YLHZV�ZKLFK�JLYHV�DQ�DGYDQWDJH�WR�YLHZ�WKH�UHVXOWV�
IURP�GLIIHUHQW�SHUVSHFWLYHV��7KH�SL[HO�EDVHG�DSSURDFK�LV�KHOSIXO�WR�YLHZ�WKH�RSLQLRQ�
RI�HDFK�XVHU�E\�HDFK�VHQWHQFHV�XVHG�E\�WKHP��7KH�ILQGLQJV�REWDLQHG�IURP�WKH�ILUVW�FDVH�
VWXG\�LV�WKDW�1RNLD�SKRQHV�KDV�WKH�PRVW�LVVXHV�EHLQJ�PHQWLRQHG�FRPSDUHG�WR�WKH�RWKHU�
WZR�SKRQHV�EDVHG�RQ�SRLQW�EDVHG�WHFKQLTXH��7KLV�PHWKRG�JLYHV�DQ�RYHUDOO�YLHZ�RI�DOO�
WKUHH�PRELOH�SKRQHV�LVVXHV�ZKHUHDV�IURP�WKH�UHJLRQ�EDVHG�PHWKRG��HDFK�PRELOH�SKRQH�
KDV�WKHLU�RZQ�IHDWXUH�LVVXHV��7KH�UHVXOW�KDV�VKRZQ�WKDW�6DPVXQJ�EDWWHU\�IHDWXUH�KDV�
EHHQ�PHQWLRQHG� WKH�PRVW� FRPSDUHG� WR� LWV� RWKHU� IHDWXUHV�� 7KLV� LV� EHQHILFLDO� IRU� WKH�
EXVLQHVVPHQ�WR�DQDO\]H�WKH�LVVXHV�IDFHG�E\�WKHLU�FXVWRPHUV�UHJDUGLQJ�WKHLU�SURGXFWV��
7KXV��WKH\�FDQ�LPSURYH�WKHLU�SURGXFW�DQG�VHUYLFHV�IURP�WKH�ILQGLQJV��7KH�VHFRQG�FDVH�
VWXG\�VKRZV�WKDW�PRVW�RI�WKH�XVHUV�DUH�QRW�TXLWH�KDSS\�ZLWK�FHUWDLQ�LVVXHV�IURP�WKH�
8L70�EXUVDU\�SDJH��7KH� DGPLQLVWUDWRU� VKRXOG� IRFXV�PRUH�RQ� WKRVH�XVHUV
� VHQWHQFH�
FRQWDLQLQJ�UHG�FRORXUHG�SL[HOV�DV�LW�UHSUHVHQWV�XQKDSS\�ZRUGV��0RUH�FRPELQDWLRQ�RI�
WHFKQLTXHV�FDQ�EH�XVHG�WR�YLVXDOL]H�GDWD�IRU�IXWXUH�ZRUN��.H\ZRUGV��9LVXDOL]DWLRQ��
6RFLDO�1HWZRUN��4XDQWLI\LQJ�VHQWLPHQWV��)DFHERRN��(PRWLRQ�DQDO\VLV��
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���� 6HFXUH�,GHQWLW\�%DVHG�&U\SWRJUDSKLF�DSSURDFK�IRU�9HKLFXODU�$K�KRF�
1HWZRUNV�

6DGLT�$OL�.KDQ��)R]LD�+DQLI�.KDQ��)DUKHHQ�4D]L��'XU�H�VKDZDU�$JKD��
8QLYHUVLW\�RI�.DUDFKL��3DNLVWDQ�

PVDNKDQ#XRN�HGX�SN��GUIRL]DNKDQ#XRN�HGX�SN��HQJU�IT#JPDLO�FRP��
HQJU�GXUHVKDZDUDJKD#JPDLO�FRP�

$EVWUDFW� 1RZ�D�GD\¶V�\HDU�QXPEHU�RI�YHKLFOHV�RQ�WKH�URDG�KDV�LQFUHDVHG�LQ�UHFHQW�
\HDUV��³3RWHQWLDO�WKUHDWV�DQG�URDG�DFFLGHQWV�DUH�LQFUHDVLQJ�EHFDXVH�WR�WKH�KLJK�GHQVLW\�
RI�DOO�WKHVH�YHKLFOHV��,Q�RUGHU�WR�UHGXFH�WKHVH�IDFWRUV�:LUHOHVV�WHFKQRORJ\�LV�GHVLJQHG�
WR�HTXLS�LQ�YHKLFOH�WHFKQRORJ\�E\�VHQGLQJ�PHVVDJHV�WR�HDFK�RWKHU��NQRZQ�DV�YHKLFXODU�
DG�KRF�QHWZRUNV�RU�9$1(7��7KH�RSWLPDO�JRDO�RI�WKLV�UHVHDUFK�LV�WR�SURYLGH�WLPHO\�
LQIRUPDWLRQ� WR� GULYHUV� DQG� FRQFHUQHG� DXWKRULWLHV� VR� WKDW� YHKLFXODU� QHWZRUNV� ZLOO�
FRQWULEXWH�WR�VDIHU�DQG�PRUH�HIILFLHQW�URDGV�LQ�WKH�IXWXUH��7KXV�WR�DFKLHYH�WKH�DERYH�
PHQWLRQHG�JRDO��WKHUH�LV�QHHG�IRU�VXEVWDQWLDO�UHVHDUFK�LQ�WKH�DUHD�RI�VHFXULW\�IRU�WKH�
SRVVLEOH� GHSOR\PHQW� RI� 9$1(7� LQ� QHDU� IXWXUH�� ,Q� WHUPV� RI� DUFKLWHFWXUH��
LPSOHPHQWDWLRQ�RI� ,GHQWLW\�%DVHG�&U\SWRJUDSK\��,%&��VFKHPHV�KDV�EHHQ�VWXGLHG�LQ�
RUGHU�WR�SURYLGH�EHWWHU�VHFXULW\�DQG�SULYDF\�IRU�9$1(7��DV�LW�LV�FRQVLGHUHG�DV�D�YLDEOH�
FKRLFH�GXH�WR�WKH�SURSHUWLHV�RI�9$1(7�LQ�FRPSDULVRQ�WR�WKH�WUDGLWLRQDO�3XEOLF�.H\�
,QIUDVWUXFWXUH��3.,��DSSURDFK´����

.H\ZRUGV� (QFU\SWLRQ�� GHFU\SWLRQ�� FU\SWRJUDSK\�� XSGDWHG� GDWD� �83'��� HQFU\SWHG�
GDWD� �(1&'��� ILQDO� HQFU\SWHG�GDWD� �(1&')��� FLUFXODU�OHIW�VKLIW�� FLUFXODU�ULJKW� VKLIW��
SODLQ�WH[W��FLSKHU�WH[W��NH\��.<���
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���� $VVHVVPHQW�DQG�(YDOXDWLRQ�RI�6HFXULW\�0HFKDQLVPV�LQ�6RIWZDUH�
'HILQHG�

1HWZRUN��6'1���$�5HYLHZ�

0��6DGLT�$OL�.KDQ���.KDOLT�$KPHG���0��1DVHHP����+XPD�-DPVKHG���
+XPD�+DVDQ�5L]YL���%KDJZDQ'DV��
�����������.DUDFKL�8QLYHUVLW\��.DUDFKL��3DNLVWDQ�

�4XDLG�H�$ZDP�8QLYHUVLW\�RI�(QJLQHHULQJ��6FLHQFH�DQG�7HFKQRORJ\��3DNLVWDQ
PVDNKDQ#XRN�HGX�SN��NNKDQ]DGD#KRWPDLO�FRP��PQDVHHP���#JPDLO�FRP��

KXPDMDPVKHG#\DKRR�FRP�KXPDKUL]YL#\DKRR�FRP�HQJU�EKDJZDQGDV#KRWPDLO�FRP��

$EVWUDFW�7KLV�UHVHDUFK�IRFXVHV�WR�SHUIRUP�GHHS�DQDO\VLV�RQ�WKH�VHFXULW\�FKDOOHQJHV��
UHOLDELOLW\� DQG� SHUIRUPDQFH� HPHUJHG� IURP� 6'1��%DVHG� RQ� WKLV� DQDO\VLV�� VXJJHVWHG�
VROXWLRQ� WKDW� LV�PRUH�VXLWDEOH�DV�FRPSDUHG� WR� WKH�H[LVWLQJ�V\VWHPV� LQ�SUDFWLFH��7KLV�
UHVHDUFK�UHYLHZV�WKH�DUHDV�WKDW�DUH�SURQH�WR�WKUHDWV�DQG�GHPDQGLQJ�VHFXULW\�PHDVXUHV��
UHOLDELOLW\� DQG� SHUIRUPDQFH� DW� WKH� VDPH� WLPH� ZKLOH� NHHSLQJ� PD[LPXP� IXQFWLRQDO�
WUDQVSDUHQF\�RI�6'1����

.H\ZRUGV�±�6'1��6HFXULW\��1HWZRUN�0DQDJHPHQW��&RPSXWHU�1HWZRUN�
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���� %LFOXVWHULQJ�XVLQJ�,QWHOOLJHQW�:DWHU�'URSV�$OJRULWKP�ZLWK�/HDGHU�
&OXVWHULQJ�

$SSURDFK�IRU�:HE�8VDJH�0LQLQJ�

.DYLWKD��
0RXQW�&DUPHO�&ROOHJH�$XWRQRPRXV��%HQJDOXUX��,QGLD��NDYLKD�UDMDPDQLL#JPDLO�FRP�

$EVWUDFW�:HE�8VDJH�0LQLQJ�LV�WKH�DSSOLFDWLRQ�RI�GDWD�PLQLQJ�WHFKQLTXHV�WR�DVFHUWDLQ�
XQFRYHUHG�XVDJH�SDWWHUQV�IURP�:HE�GDWD�LQ�RUGHU�WR�XQGHUVWDQG�DQG�EHWWHU�VHUYH�WKH�
QHHGV�RI�:HE�EDVHG�DSSOLFDWLRQV��8VDJH�GDWD�FDSWXUHV�WKH�EURZVLQJ�EHKDYLRU�RI�ZHE�
XVHUV�DW�D�:HE�VLWH��8VDJH�PLQLQJ�DOORZV�FRPSDQLHV�WR�SURGXFH�SURGXFWLYH�LQIRUPDWLRQ�
SHUWDLQLQJ�WR�WKH�IXWXUH�RI�WKHLU�EXVLQHVV�IXQFWLRQ�DELOLW\��0HUHO\�JURXSLQJ�WKH�XVHUV�
EDVHG�RQ�WKHLU�EURZVLQJ�EHKDYLRU�LV�QRW�D�VXIILFLHQW�RQH��,Q�UHFHQW�\HDUV��WKHUH�KDYH�
EHHQ�YDULRXV� HIIRUWV� WR�RYHUFRPH� WKH� OLPLWDWLRQV�RI� VWDQGDUG� FOXVWHULQJ� DSSURDFKHV��
5HFHQWO\��ELFOXVWHULQJ�WHFKQLTXHV�ZHUH�SURSRVHG�IRU� UHYHDOLQJ�VXEPDWULFHV�VKRZLQJ�
XQLTXH�SDWWHUQV��,W�DXWRPDWLFDOO\�FDSWXUHV�WKH�KLGGHQ�EURZVLQJ�SDWWHUQV�IURP�LW�LQ�WKH�
IRUP�RI�ELFOXVWHUV��,Q�WKLV�VWXG\��D�VZDUP�EDVHG�,QWHOOLJHQW�:DWHU�'URSV�DOJRULWKP�LV�
XVHG� WR� FDSWXUH� WKH� RSWLPDO� ELFOXVWHU��$OVR�� /HDGHU� FOXVWHULQJ� DOJRULWKP� LV� XVHG� WR�
GHYHORS� LQLWLDO� ELFOXVWHU� VR� WKDW� WKH� TXDOLW\� RI� WKH� HQG� FOXVWHUV� DUH� LPSURYHG��
([SHULPHQWDO�VWXGLHV�PDGH�LW�HYLGHQW�WKDW�WKH�SURSRVHG�DSSURDFK�ILQGV�ELFOXVHU�LQ�DQ�
HIILFLHQW�PDQQHU����

.H\ZRUGV��%LFOXVWHULQJ��,QWHOOLJHQW�:DWHU�'URSV��:HE�8VDJH�0LQLQJ��/HDGHU�
$OJRULWKP��
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���� 0LQLPL]LQJ�([SORUDWLRQ�7LPH�8VLQJ�&OXVWHU�+HDGV�7UHH�LQ�0XOWLURERW�
$UHD�([SORUDWLRQ�

+LPDQVKL�*DXWDP��$\XVK�0LWWDO��5LWX�7LZDUL��'HHSD�6LQJK�
5RERWLFV�	�,QWHOOLJHQW�6\VWHP�'HVLJQ�/DE�,QGLDQ�,QVWLWXWH�RI�,QIRUPDWLRQ�

7HFKQRORJ\�	�0DQDJHPHQW��*ZDOLRU��,QGLD��
KLPDQVKL�JDXWDP#JPDLO�FRP��D\XVK����#JPDLO�FRP��WLZDULULWX�#JPDLO�FRP��

GHHSD#LLLWP�DF�LQ�

$%675$&7�0XOWLURERW�V\VWHPV�DUH�UHTXLUHG�WR�SHUIRUP�TXLFNHU�LQ�YDULRXV�DUHDV�RI�
URERWLFV�UDQJLQJ�IURP�ORFDOL]DWLRQ�WR�PDSSLQJ�DQG�H[SORUDWLRQ��&OXVWHU�IRUPDWLRQ�DQG�
FUHDWLQJ�&OXVWHU�KHDG�LV�SHUIRUPHG�LQ�RUGHU�WR�UHGXFH�H[SORUDWLRQ�WLPH�LQ�0XOWLURERW�
DUHD�H[SORUDWLRQ��,Q�SDUWLFXODU��LW�LV�QRW�NQRZQ�KRZ�WR�FKRRVH�WKH�EHVW�FDQGLGDWHV�IRU�
WKH� FOXVWHU� KHDG� UROHV�� 3URSRVHG�PHWKRG� LV� FUHDWLQJ� &OXVWHU� +HDG� IURP� DQ� DOUHDG\�
FUHDWHG�7UHH� WKDW�JRHV�IRU�GHFUHDVLQJ� WKH� LQYHVWLJDWLRQ� WLPH�DQG� WR� OLPLW� WKH�RYHUDOO�
WUDYHUVH�GLVWDQFH�RI�WKH�URERWV�E\�SODQQLQJ�WKH�FOXVWHU�KHDGV��&OXVWHU�+HDGV�&+V��DUH�
VHOHFWHG� IURP� VHW� RI�QRGHV��$SSOLFDWLRQV�RI�&OXVWHULQJ� LQFOXGHV�KDELWDW�PRQLWRULQJ��
DUHD�PRQLWRULQJ��ZDWHU� TXDOLW\�PRQLWRU�� ODQGVOLGH� GHWHFWLRQ�� GLVDVWHU�GHWHFWLRQ�� 7KH�
VLPXODWLRQV�ZLOO�EH�SHUIRUPHG�RQ�0DWODE����

.H\ZRUGV�� ([SORUDWLRQ�� 0XOWL�5RERW�� &OXVWHU� +HDGV�� ([SORUDWLRQ� 7LPH�� 5DQGRP�
QRGHV�
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���� (OOLSWLF�&XUYH�&U\SWRJUDSK\�8VLQJ�&KDRWLF�1HXUDO�1HWZRUN�

$\XVK�6HWKL��$\XVK�0LWWDO��5LWX�7LZDUL��'HHSD�6LQJK��
5RERWLFV�	�,QWHOOLJHQW�6\VWHP�'HVLJQ�/DE��,QGLDQ�,QVWLWXWH�RI�,QIRUPDWLRQ�

7HFKQRORJ\�	�0DQDJHPHQW��*ZDOLRU�,QGLD��
D\XVKVHWKL��������#JPDLO�FRP��D\XVK����#JPDLO�FRP��WLZDULULWX�#JPDLO�FRP��

GHHSD#LLLWP�DF�LQ�

$EVWUDFW²&U\SWRJUDSK\� LV� WKH� VFLHQFH� RI� KLGLQJ� LPSRUWDQW� LQIRUPDWLRQ� ZKLOH�
WUDQVPLWLQJ� RYHU� DQ� LQVHFXUH� FKDQQHO� PDN�LQJ� LW� LPSRVVLEOH� IRU� DQ\� DGYHUVDU\� WR�
UHDG�&U\SWRJUDSK\� LV� YHU\� LPSRUWDQW� IRU� WUDQVPLVVLRQ� DQG� VKDULQJ� RI� FRQILGHQWLDO�
LQIRUPDWLRQ�SUHYHQWLQJ�DQ\�PLVVXVH�RI� LW�1HXUDO�1HWZRUNV� LV�D�PDWKHPDWLFDO�PRGHO�
ZKLFK�VLPXODWHV�WKH�VWUXFWXUH�DQG�IXQFWLRQDOLW\�RI�ELRORJLFDO�QHXUDO�QHWZRUN�$�FKDRWLF�
QHXUDO�QHWZRUN�LV�D�QHWZRUN�ZKLFK�DGGV�UDQGRPQHVV�WR�D�VLJQDO�ZKLFK�LV�H[WUHPHO\�
KDUG�WR�SUHGLFW�$GGLQJ�D�&KDRWLF�1HXUDO�1HWZRUN�WR�D�&U\SWRJUDSKLF�V\VWHP�HQKDQFHV�
WKH� VHFXULW\� RI� WKH� V\VWHP� PDNLQJ� LW� GLIILFXOW� WR� GHFRGH� E\� WKH� DGYHUVDULHV�,Q� WKLV�
UHVHDUFK�SDSHU�ZH�KDYH�FROODERUDWHG�D�&KDRWLF�1HXUDO�1HWZRUN�ZLWK�DQ�(OOLSWLF�&XUYH�
&U\SWRJUDSKLF�6\VWHP�ZKLFK�LV�WKHQ�FRPSDUHG�ZLWK�WKH�FRQYHQWLRQDO�PRGHOV�VXFK�DV�
56$�%ORZILVK�DQG�5&��PRGHOV�DQG�LV�IRXQG�WR�EH�EHWWHU�WKDQ�YDULRXV�PRGHOV�EDVHG�
RQ�FHUWDLQ�SDUDPHWHUV����

,QGH[�7HUPV²&KDRWLF�1HXUDO�1HWZRUNV�(OOLSWLF�&XUYH��$ULWKPHWLF��
&U\SWRJUDSK\�,QIRUPDWLRQ�6HFXULW\�/RJLVWLF�0DSV��
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���� 1HZ�$SSURDFK�%DVHG�,QWHUQHW�RI�7KLQJV�IRU�D�&OHDQ�$WPRVSKHUH�

$]HGGLQH�.+,$7��-��%$..285<��0��(/�.+$,/,�
�/$%�66',$��(16(7�0RKDPPHGLD�8QLYHUVLW\�+$66$1�,,��&DVDEODQFD�0RURFFR��

$\RXE�%$+1$66(��)��/28+$%��
/$%�/7,��)DFXOW\�6FLHQFHV�%(1�0¶VLN�8QLYHUVLW\�+$66$1�,,��&DVDEODQFD�

0RURFFR��
D]HGGLQH�NKLDW#XQLYK�F�PD��D�EDKQDVVH#JPDLO�FRP��

ORXKDEIDWLPDH]]DKUDD#JPDLO�FRP�

$EVWUDFW² :H�DUH�KHDULQJ�PRUH�DQG�PRUH�DERXW�WKH�,QWHUQHW�RI�7KLQJV��FRQQHFWHG�
REMHFWV��HYHQ� WKH�FRQQHFWHG�ZRUOG�� DQG� VPDUW�KRPHV��QHZ�FRQFHSWV� WKDW� LQYDGH� WKH�
ZRUOG� DQG� GLVUXSW� RXU�ZD\� RI� OLIH��7KH� ,QWHUQHW�RI� 7KLQJV� FDOOHG� WKH��UG� LQGXVWULDO�
UHYROXWLRQ�ZLOO�SURIRXQGO\�FKDQJH�WKH�SHRSOH�OLYHV�ZLWK�KRPH�DXWRPDWLRQ��KHDOWK�DQG�
UHFUHDWLRQ�� HQHUJ\�� GLVWULEXWLRQ� DQG� RXU� HQYLURQPHQW� ZLWK� VPDUW� FLW\� RU� FRQQHFWHG�
WUDQVSRUW�� 7KH� LQIRUPDWLRQ� FROOHFWLRQ� UHPDLQV� D� PDMRU� FKDOOHQJH� WKDW� ZLWKRXW� WKH�
SDUWLFLSDWLRQ� RI� VHYHUDO� SDUWQHUV� FDQQRW� EH� HDV\�� 7KLV� SDUWLFLSDWLRQ� PDQLIHVWV� WKH�
&URZGVRXUFLQJ��,Q�WKLV�FRPPXQLFDWLRQ��ZH�ZLOO�GLVFXVV�WKH�WHFKQRORJ\�RI�WKH�,QWHUQHW�
RI�7KLQJV��,R7��DQG�FRQQHFWHG�REMHFWV�DQG�WKHLU�LPSRUWDQFH�LQ�RXU�GDLO\�OLYHV��7KHQ�
ZH� ZLOO� SUHVHQW� RXU� SURMHFW� �&URZGVRXUFLQJ� EDVHG� RQ� &RQQHFWHG� 2EMHFWV� IRU� WKH�
PHDVXUHPHQW�RI�SROOXWLRQ�����

.H\ZRUGV²�&RQQHFWHG�2EMHFWV��,QWHUQHW�RI�2EMHFWV��&ORXG�&RPSXWLQJ��,R7�
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���� $�6XUYH\�RQ�6HQWLPHQW�$QDO\VLV��&ODVVLILFDWLRQ�DQG�$SSOLFDWLRQV�

6\HG�6DRRG�=LD���6DQD�)DWLPD���,GULV�0DOD����
0��6DGLT�$OL�.KDQ���0��1DVHHP���%KDJZDQ�'DV�

�������6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��.DUDFKL��3DNLVWDQ�
�8VPDQ�,QVWLWXWH�RI�7HFKQRORJ\��.DUDFKL��3DNLVWDQ�

���8%,7��.DUDFKL�8QLYHUVLW\��.DUDFKL��3DNLVWDQ�
�4XLDG�H�$ZDP�8QLYHUVLW\�RI�(QJLQHHULQJ��6FLHQFH�DQG�7HFKQRORJ\��48(67���

3DNLVWDQ�
V]LD#VVXHW�HGX�SN��LPDOD#XLW�HGX��PVDNKDQ#XRN�HGX�SN��PQDVHHP���#JPDLO�FRP�

$EVWUDFW�6WXG\�FRQGXFWHG�WR�HYDOXDWH�WKH�HYHU\GD\�EHKDYLRUV��YLHZV��FRQVLGHUDWLRQV��
SHUVXDVLYH� DSSURDFKHV�� VHQWLPHQWV� DQG� UHDFWLRQV� RI� VRFLHW\� LQ� DFFRUGDQFH� WR� WKH�
KDSSHQLQJV�DURXQG�WKHP��6HQWLPHQW�DQDO\VLV�SOD\V�D�YLWDO�UROH�LQ�WKH�UHVHDUFK�DUHD�RI�
WH[W� PLQLQJ�� 7KH� DLP� EHKLQG� WKH� VHQWLPHQW� FODVVLILFDWLRQ� LV� WR� DQDO\]H� WKH� FRUH�
�VXEMHFWLYH��LQIRUPDWLRQ�LQ�WKH�WH[W�DQG�WKHQ�FDWHJRUL]HV�LQWR�RQH�RI�WKH�WKUHH�FDWHJRULHV�
SRVLWLYH�� QHJDWLYH� DQG� QHXWUDO�� 7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� DQDO\]H� GLIIHUHQW�
WHFKQLTXHV� IRU� VHQWLPHQW� FODVVLILFDWLRQ� WKDW�DVVLJQ�D�SRODULW\� WR� DQ�RSLQLRQDWHG� WH[W��
7KLV� SDSHU� VXPPDUL]HG� WKH� VHQWLPHQW� OHYHOV� IRU� FODVVLILFDWLRQ�� VRPH� ZLGHO\� XVHG�
DOJRULWKPV��SRVVLEOH�FKDOOHQJHV�DQG�DSSOLFDWLRQ�DUHDV�RI�VHQWLPHQW�FODVVLILFDWLRQ����

.H\ZRUGV��6HQWLPHQW�$QDO\VLV��6RFLDO�0HGLD��%ORJV��)RUXP��3RODULW\�
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���� 8VDELOLW\�(YDOXDWLRQ�0HWKRG�WKURXJK�686�$QDO\VLV�IRU�&RLQ�3DUW\�

8522-�:$+(('�0��6$',4�$/,�.+$1�+,5$�$1:$5�.+$1��
&2&,6��3$)�.,(7�'&6��8R.�&2&,6��3$)�.,(7�.DUDFKL��3DNLVWDQ�

XURRM�ZDKHHG#SDINLHW�HGX�SN�PVDNKDQ#XRN�HGX�SN�KLUD�DQZDU#SDINLHW�HGX�SN�

$EVWUDFW�8VDELOLW\�H[SODLQV�WKH�SURFHGXUH�DERXW�KRZ�D�SURGXFW�RU�V\VWHP�LV�SURYLGLQJ�
LQWHUDFWLRQ� WR� WKH� XVHU�� 8VDELOLW\� LV� DERXW� HIIHFWLYHQHVV�� HIILFLHQF\� DQG� WKH� RYHUDOO�
VDWLVIDFWLRQ�RI�WKH�XVHU��7KH�SHUIRUPDQFH�DQG�VDWLVIDFWLRQ�PHWULFV�DUH�WKH�EDVH�OLQH�IRU�
GHYHORSLQJ�RI�8VDELOLW\�WDVNV��7KLV�SDSHU�RXWOLQHV�WKH�XVDELOLW\�IDFWRUV�WKDW�HIIHFW�8VHU�
VDWLVIDFWLRQ�ZKLOH�XVLQJ�DQ�DQGURLG�DSSOLFDWLRQ�³&RLQ�3DUW\´��6\VWHP�8VDELOLW\�6FDOH�
�686��PRGHO� >�@� LV� XVHG� WR� HYDOXDWH� WKH�GLPHQVLRQV�RI�XVDELOLW\��$� VDPSOH� VL]H�RI�
WZHQW\�ILYH�XVHUV�EDVHG�RQ�FRQYHQLHQFH�VDPSOLQJ�ZHUH�VXUYH\HG��7KH�UHVXOW�VXJJHVW�
WKDW�WKH�JDPH�KDV�D�KLJK�(QMR\DELOLW\�OHYHO��DQG�DOVR�WKHUH�LV�D�KLJK�UDWH�RI�WDVN�VXFFHVV��
LW�LV�UHODWLYHO\�HDVLHU�WR�PRYH�XS�OHYHOV��EXW�WKHUH�LV�D�KLJK�FKDQFH�RI�SOD\HU�QRW�NQRZLQJ�
WKH�H[DFW�OHYHO�LV�KH�DW�DQG�OHYHO�XS�LV�DOVR�QRW�KLJKOLJKWHG�LQ�WKH�JDPH��7KH�JDPH�KDV�
D�VOXJJLVK�*8,�ZLWK�D�ORZ�OHDUQDELOLW\����

.H\ZRUG��8VDELOLW\�(YDOXDWLRQ�3HUIRUPDQFH�0HWULF��686�DQG�6HOI�5HSRUWHG�
0HWULFV��
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���� 6PDUW�*ULG�6HFXULW\�ZLWK�$(6�+DUGZDUH�&KLS�

1LUDM�.XPDU��9LVKX�0RKDQ�0LVKUD��$GHVK�.XPDU��
�8WWDUDNKDQG�7HFKQLFDO�8QLYHUVLW\��'HKUDGXQ��,QGLD��

�*RYLQG�%DOODEK�3DQW�(QJLQHHULQJ�&ROOHJH��3DXUL��*DUKZDO��,QGLD���8QLYHUVLW\�RI�
3HWUROHXP�DQG�(QHUJ\�6WXGLHV��'HKUDGXQ��,QGLD�

$EVWUDFW� 6PDUW� JULG� LV� WKH� XSJUDGDWLRQ� RI� WKH� H[LVWLQJ� JULG� LQ� WHUPV� RI� FRVW��
FRPPXQLFDWLRQ� LQIUDVWUXFWXUH�� ,27�DQG� UHOLDEOH� WHFKQRORJLHV�� ,Q� DPELWLRXV� IODJVKLS�
SURJUDPPH�RI�GLJLWDO� ,QGLD��SURMHFW�DQ�LQLWLDWLYH�RI� ,QGLD�� WKH�SRWHQWLDO� ILHOGV�RI� WKH�
PLVVLRQV�DUH�LGHQWLILHG�LQ�WKH�DUHD�DUH�VPDUW�HQHUJ\��VPDUW�JULGV��VPDUW�KRPHV�DQG�VPDUW�
FLWLHV��0RUH�WKDQ�����VPDUW�FLWLHV�DUH�SODQQHG�IRU�,&7�GULYHQ�VROXWLRQV�ZLWK�ELJ�GDWD�
DQDO\WLFV� LQ�,QGLD��7KH�H[SRQHQWLDO�JURZWK� LQ�VPDUW�JULGV�KDV�JLYHQ�FHUWDLQ�VHFXULW\�
ULVNV�� F\EHU� WKUHDWV� DQG� SURWHFWLRQ� RI� VWRUHG� GDWD� DV� 1DWLRQ� VHFXULW\�� 6PDUW� *ULGV��
FRPSULVLQJ�RI�VHYHUDO�FRPPXQLFDWLRQ��PRQLWRULQJ�LQWHOOLJHQW��PHWHULQJ�DQG�HOHFWULFDO�
HTXLSPHQW� XVHG� LQ� SRZHU� JULG�� KDYH� D� JUHDWHU� H[SRVXUH� WR� JULG� VHFXULW\� DQG�
F\EHUDWWDFNV�ZKLFK�DUH�SRWHQWLDOO\�GLVUXSW�GLVWULEXWLRQ�LQ�D�FLW\��7KH�SDSHU�GLVFXVVHV�
WKH�HOHFWULFDO�JULG��FKDOOHQJHV�LQ�VPDUW�JULG�DQG�WKH�XVH�RI�$(6�DOJRULWKP�HQDEOH�ZLWK�
)3*$�KDUGZDUH�LQ�VPDUW�JULGV��7KH�$(6�HQFU\SWLRQ�DQG�GHFU\SWLRQ�FKLS�LV�GHVLJQHG�
LQ�;LOLQ[�,6(������VRIWZDUH��V\QWKHVL]HG�RQ�63$57$1��(�)3*$�DQG�YHULILHG�ZLWK�
VRPH� WHVW� FDVHV� WR� HQVXUH� WKDW� $(6� FDQ� EH� HPSOR\HG� LQ� VPDUW� JULG� VHFXULW\� DQG�
FRPPXQLFDWLRQ�LQIUDVWUXFWXUH����

.H\ZRUGV��6PDUW�JULG�FRPPXQLFDWLRQ��6HFXULW\��)3*$�V\QWKHVLV��$(6�DOJRULWKP�
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���� $�&RQWH[W�DZDUH�'DWD�)XVLRQ�$SSURDFK�IRU�+HDOWK�,R7�

=DUWDVKD�%DORFK��)DLVDO�.DULP�6KDLNK��0XNKWLDU�$OL�8QDU��
0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�	�7HFKQRORJ\��-DPVKRUR�

=DUWDVKD�EDORFK#IDFXOW\�PXHW�HGX�SN

$EVWUDFW�7KH�WHFKQRORJLFDO�DGYDQFHV�LQ�ORZ�FRVW�VHQVRU�GHYLFHV�DQG�FRPPXQLFDWLRQ�
WHFKQRORJLHV� EULQJ� UDSLG� LQFUHDVH� LQ� GHYHORSPHQW� RI� VPDUW� KRPHV� DQG� VPDUW�
HQYLURQPHQWV�� 7KH�GHYHORSPHQWV� LQ�ZLUHOHVV� VHQVRU� QHWZRUNV� �:61��� ERG\� VHQVRU�
QHWZRUNV��%61���FORXG�FRPSXWLQJ�DQG�ELJ�GDWD�WHFKQRORJLHV�WULJJHU�WKH�XVH�RI�,QWHUQHW�
RI� 7KLQJV� �,R7�� LQ� KHDOWKFDUH� LQGXVWU\�� 7KLV� SRVHV� PDQ\� FKDOOHQJHV� VXFK� DV�
KHWHURJHQHRXV�GDWD�IXVLRQ��FRQWH[W�DZDUHQHVV��FRPSOH[�TXHU\�SURFHVVLQJ��UHOLDELOLW\�
DQG�DFFXUDF\�HWF��'DWD�IXVLRQ�WHFKQLTXHV�DUH�XVHG�WR�H[WUDFW�PHDQLQJIXO�LQIRUPDWLRQ�
IURP� KHWHURJHQHRXV� ,R7� GDWD�� ,W� FRPELQHV� LQGLYLGXDO� GDWD� IURP� VHQVRU� VRXUFHV� WR�
FROOHFWLYHO\�REWDLQ�D�UHVXOW��ZKLFK�LV�PRUH�UHOLDEOH��DFFXUDWH�DQG�FRPSOHWH��$SDUW�IURP�
ZHDUDEOH� VHQVRUV�� DGGLWLRQDO� FRQWH[W� VHQVRUV� QHHG� WR� EH� DGGHG� WR� EXLOG� D� FRQWH[W��
+HDOWK�
,R7�DSSOLFDWLRQV�KDV�SRWHQWLDO�EHQHILWV�RI�XVLQJ�FRQWH[W�DZDUH�GDWD�IXVLRQ��%\�XVLQJ�
FRQWH[W�LQIRUPDWLRQ��WKH�EHKDYLRU�RI�WKH�DSSOLFDWLRQ�FDQ�EH�FXVWRPL]HG�DFFRUGLQJ�WR�
WKH�VSHFLILF�VLWXDWLRQ��7KLV�SDSHU�SURYLGHV�D�EULHI�FRQFHSW�RI�FRQWH[W�DZDUH�GDWD�IXVLRQ�
DQG� LQFOXGHV� GDWD� PDQDJHPHQW� DSSURDFK� IRU� FRQWH[W�DZDUH� V\VWHPV� IRU� KHDOWKFDUH�
DSSOLFDWLRQV��)LQDOO\��D�FRQWH[W�DZDUH�GDWD�IXVLRQ�DSSURDFK�IRU�KHDOWK�,R7�LV�SURSRVHG��
,W�LQFOXGHV�FRQWH[W�DFTXLVLWLRQ��VLWXDWLRQ�EXLOGLQJ�DQG�UHDVRQLQJ�	�LQIHUHQFH����

.H\ZRUGV��'DWD�IXVLRQ��&RQWH[W�DZDUHQHVV��+HDOWKFDUH��,QWHUQHW�RI�7KLQJV�
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���� ([SHULPHQWDO�(YDOXDWLRQ�RI�%ULGJH�6WUXFWXUDO�+HDOWK�0RQLWRULQJ�
8VLQJ�)LQLWH�(OHPHQW�0HWKRG�

$OL�$NEDU�6KDK��%�6�&KRZGKU\�,QWL]DU�$OL��-DZDLG�'DXGSRWR��
0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\�-DPVKRUR��&RUUHVSRQGLQJ�

$XWKRU��EVFBLWPDQ#\DKRR�FRP�

$EVWUDFW� 7KH� EULGJHV� DUH� VXEMHFWHG� WR� XQSUHGLFWDEOH� ORDGV� OLNH�� DFFLGHQWV��
HDUWKTXDNHV�DQG�IORRGV�HWF�GXULQJ�WKHLU�VHUYLFH�OLIH��7KDW�QRW�RQO\�DIIHFWV�LWV�VHUYLFH�
OLIH� EXW� DOVR� FDXVHV� VWUXFWXUDO� IDLOXUH��)DLOXUH�RI� WKH�EULGJHV� LV� WKH�ELJJHVW� WKUHDW� WR�
KXPDQ�OLIH�DV�ZHOO�DV�WKH�DVVHWV��7R�DYRLG�WKH�VWUXFWXUDO�IDLOXUH��7UDQVLHQW�6WUXFWXUDO�
+HDOWK�0RQLWRULQJ��6+0��RI�EULGJHV�FRXOG�EH�FDUULHG�RXW�GXULQJ�LWV�VHUYLFH� OLIH�� LQ�
RUGHU�WR�PHHW�WKH�VHUYLFH��VDIHW\�DQG�UHOLDELOLW\�UHTXLUHPHQWV��7KLV�UHVHDUFK�ZRUN�KDV�
D� QRYHOW\� RI� FRQGXFWLQJ� WUDQVLHQW� VWUXFWXUDO� DQDO\VLV� �6+0�� XVLQJ� )LQLWH� (OHPHQW�
0HWKRG� �)(0�� RI� LQWDFW� DV� ZHOO� DV� GDPDJHG� WHVW� EULGJH� WKDW� DUH� KDYLQJ� WKH� VDPH�
SK\VLFDO�SDUDPHWHUV�WR�DQDO\]H�EHKDYLRU�FKDQJH�RI�WKH�GDPDJH�LQ�WKH�WHVW�EULGJH��ZKHQ�
VRPH�ORDGLQJ�FRQGLWLRQV�DUH�DSSOLHG�XVLQJ�)(0��7KH�DXWKHQWLFLW\�RI�WKLV�DQDO\VLV�FDQ�
EH�FOHDUO\�VKRZQ��ZKHQ�WKH�WUDQVLHQW�VWUXFWXUDO�SDUDPHWHUV�DUH�FRPSDUHG�EHWZHHQ�WKH�
WZR� WHVW� EULGJHV�� 9DULDWLRQV� LQ� WKH� SDUDPHWHUV� OLNH� HTXLYDOHQW� VWUHVVHV�� SULQFLSOH�
VWUHVVHV��GHIRUPDWLRQ�DQG�PD[LPXP�HTXLYDOHQW�VWUDLQ�DUH�DQDO\]HG�IRU�WKH�VWUXFWXUDO�
FRQGLWLRQ�PRQLWRULQJ�RI�WKH�WHVW�EULGJHV��7KHVH�WZR�WHVW�EULGJHV��UHSUHVHQWV�WKH�DFWXDO�
EULGJHV�WKDW�DUH�EHLQJ�XVHG�LQ�GD\�WR�GD\�OLYHV��7KH�UHVXOWV�REWDLQHG�PD\�OHDG�WR�GHYHORS�
LQWHOOLJHQW�LQVWUXPHQWDWLRQ�IRU�EULGJH�KHDOWK�PRQLWRULQJ���

.H\ZRUGV� WUDQVLHQW� VWUXFWXUDO� DQDO\VLV�� VWUXFWXUDO� IDLOXUH�� LQWDFW� DQG� GDPDJHG� WHVW�
EULGJH��VLPXODWLRQ�DQG�PRGHOLQJ��,QWHOOLJHQW�LQVWUXPHQWDWLRQ�
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���� ,19,752�678',(6�2)�025,1*$�2/(,)(5$�

$6)$1'<$5�&+$8'+$5<��1(+$�)$5,'��.$6+,)�$/,�	�126+((1�
0$4622'��

6KDKHHG�=XOILNDU�$OL�%KXWWR�,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\��6=$%,67��
'HSDUWPHQW�RI�%LRVFLHQFHV��.DUDFKL��������3DNLVWDQ�

$EVWUDFW��0RULQJD�ROHLIHUD��NQRZQ�DV�WKH�PLUDFOH�WUHH��LV�D�SODQW�RI�JUHDW�LPSRUWDQFH��
7KH� SODQW� LV� ZHOO� NQRZQ� IRU� LWV� GLYHUVH� PHGLFLQDO� DQG� QXWULWLRQDO� SURSHUWLHV�� 7KH�
REMHFWLYH�RI�WKH�UHVHDUFK�LV�IRFXVHG�RQ�WLVVXH�FXOWXUH�RI�0RULQJD�ROHLIHUD�WKURXJK�FDOOXV�
LQGXFWLRQ��GLUHFW�PXOWLSOLFDWLRQ�DV�ZHOO�DV�IURP�VHHG�FXOWXUH��7KH�VWXG\�LV�DOVR�IRFXVHG�
RQ�RSWLPL]DWLRQ�RI�VWHULOL]DWLRQ�SURWRFRO�DQG�PHGLD�IRU�WKH�WLVVXH�FXOWXUH�SURFHVVHV��$V�
H[SHFWHG��0RULQJD�ROHLIHUD�JDYH�SURPLVLQJ�UHVXOWV�XVLQJ�06�0HGLD�VXSSOHPHQWHG�ZLWK�
GLIIHUHQW�FRQFHQWUDWLRQV�RI�3ODQW�*URZWK�5HJXODWRUV�VXFK�DV�,$$��1$$��%$3��.LQHWLQ�
DQG� ����'�� 6HHG� LQLWLDWLRQ� JDYH� RSWLPXP� UHVXOWV� RQ� 06� %DVDO� PHGLD�� 'LUHFW�
PXOWLSOLFDWLRQ� RI� WKH� SODQW� ZDV� REVHUYHG� ZLWK� RSWLPXP� UHVXOWV� RQ� 06� PHGLD�
VXSSOHPHQWHG� ZLWK� ���PJ�/� %$3�� )RU� FDOOXV� LQGXFWLRQ�� HIIHFWV� RI� 3ODQW� *URZWK�
5HJXODWRU�DQG�SKRWRSHULRG�ZHUH�REVHUYHG��,Q�'DUN�FRQGLWLRQV��PD[LPXP�JURZWK�ZDV�
VHHQ�RQ�06�PHGLD�VXSSOHPHQWHG�ZLWK������'���PJ�/���DQG�WKDW�LQ�OLJKW�FRQGLWLRQV��06�
PHGLD�ZLWK�����'���PJ�/�DQG��PJ�/��JDYH�DOPRVW�VLPLODU�UHVXOWV��,QLWLDOO\��VHHG�FRDWV�
ZHUH�UHPRYHG�LQVLGH�WKH�/DPLQDU�)ORZ�+RRG�EXW�WKLV�ZDV�DIIHFWLQJ�WKH�VWHULOL]DWLRQ�
QHJDWLYHO\��6HHG�VWHULOL]DWLRQ�ZDV�WKHQ�PRGLILHG�E\�UHPRYLQJ�VHHG�FRDWV�DQG�VWHULOL]LQJ�
WKHP�RXWVLGH�WKH�/DPLQDU�)ORZ�+RRG��7KH�VHHGV�ZHUH�WKHQ�WUDQVIHUUHG�WR�WKH�/)+�IRU�
IXUWKHU�VWHULOL]DWLRQ��DQG�WKHQ�FXOWXUHG�RQ�WKH�JURZWK�PHGLD��)RU�WKH�VWHULOL]DWLRQ�RI�WKH�
H[SODQW�IRU�GLUHFW�PXOWLSOLFDWLRQ�DQG�FDOOXV�LQGXFWLRQ��ILUVWO\�(WKDQRO�ZDV�XVHG�ZKLFK�
FDXVHG�EOHDFKLQJ�HIIHFW��/DWHU��(WKDQRO�ZDV�UHPRYHG�IURP�WKH�SURWRFRO��UHGXFLQJ�WKH�
EOHDFKLQJ�HIIHFW�WR�]HUR��DQG�VWHULOL]DWLRQ�ZDV�PD[LPL]HG�
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���� &+$11(/�&$3$&,7<�$1$/<6,6�2)�'(&2'(�)25:$5'�
%$6('�&2��

23(5$7,9(�&20081,&$7,21�6<67(0�29(5�Į���)$',1*�
&+$11(/�

6+<$0�%$%22�%$0%,:$/���5$-9((5�6,1*+�<$'89$16+,����9,-$<�
.80$5�3$1'(<�

�'U��$�3�-��$EGXO�.DODP�7HFKQLFDO�8QLYHUVLW\��,QGLD���
�$PEHGNDU�,QVWLWXWH�RI�$GYDQFHG�&RPPXQLFDWLRQ�7HFKQRORJLHV�DQG�5HVHDUFK��*HHWD�

&RORQ\��1HZ�'HOKL��'HOKL�,QGLD��
�1RLGD�,QVWLWXWH�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��8WWDU�3UDGHVK��,QGLD�

VEDPELZDO#JPDLO�FRP��\DGXYDDQVKLUV���#JPDLO�FRP�

$EVWUDFW�� ,Q� WKLV� SDSHU�� WKH� DQDO\WLFDO� FKDQQHO� FDSDFLW\� RI� WKH�GHFRGH�DQG�IRUZDUG�
�')�� EDVHG� GXDO�KRS� UDGLR� IUHTXHQF\� �5)�� DQG� IUHH� VSDFH� RSWLFDO� �)62�� V\VWHP� LV�
VWXGLHG��:KHUH�WKH�ILUVW�OLQN�IURP�VRXUFH��6��WR�UHOD\��5��LV�FRQVLGHUHG�DV�PXOWLSDWK�5)�
IDGLQJ�FKDQQHO�DQG�WKH�FKDQQHO�FKDUDFWHULVWLFV�DUH�PRGHOOHG�DV�5D\OHLJK�GLVWULEXWHG��
7KH�VHFRQG�OLQN��IURP�5�WR�GHVWLQDWLRQ��'���LV�DVVXPHG�DV�)62�OLQN�ZKLFK�KDV�EHHQ�
PRGHOOHG� DV� Į��� GLVWULEXWHG�� ,W� LV� IXUWKHU� FRQVLGHUHG� WKDW� WKHUH� LV� LV� QR� GLUHFW� OLQN�
EHWZHHQ�6� DQG�'��)RU� WKH�SURSRVHG�5)�)62�FRRSHUDWLYH� FRPPXQLFDWLRQ�V\VWHP�� D�
PDWKHPDWLFDO�H[SUHVVLRQV�IRU�DYHUDJH�FKDQQHO�FDSDFLW\�LV�GHULYHG��XQGHU�WKH�LQIOXHQFH�
RI�PXOWLSDWK�IDGLQJ�DQG�DWPRVSKHULF� WXUEXOHQFH��)LQDOO\��XVLQJ�GHULYHG�H[SUHVVLRQV��
WKH� HIIHFW� RI� FKDQQHO� FRQGLWLRQV�� RQ� WKH� HUJRGLF� FKDQQHO� FDSDFLW\� �(&�� RI� 5)�)62�
FRRSHUDWLYH�V\VWHP��LV�DQDO\]HG����

.H\ZRUGV��&RRSHUDWLYH�FRPPXQLFDWLRQ��GHFRGH�DQG�IRUZDUG��)62��HUJRGLF�FKDQQHO�
FDSDFLW\�
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���� &RPSDULVRQ�RI�3HUIRUPDQFH�0HWULFV�,Q�5RXWLQJ�3URWRFROV�IRU�
8QGHUZDWHU�6HQVRU�1HWZRUNV�

.RPDO�0HPRQ��1DIHHVD�%RKUD��)DLVDO�.�6KDLNK��
'HSDUWPHQW�RI�7HOHFRPPXQLFDWLRQ��0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�

7HFKQRORJ\�-DPVKRUR�6LQGK��3DNLVWDQ��
(�PDLO��NRPDO�PHPRQ#DGPLQ�PXHW�HGX�SN

$EVWUDFW�7KHUH�LV�D�JUHDW�GHPDQG�RI�DQ�8QGHUZDWHU�6HQVRU�1HWZRUNV��8:61V��LQ�
DSSOLFDWLRQV� RI� ZDWHU� PRQLWRULQJ� DQG� RIIVKRUH� H[SORUDWLRQ�� ,Q� VXFK� DSSOLFDWLRQV��
QHWZRUN�FRPSULVHV�RI�PXOWLSOH�VHQVRU�QRGHV�ZKLFK�DUH�GHSOR\HG�DW�GLIIHUHQW�ORFDWLRQV�
DQG�GHSWKV�RI�ZDWHU��6HQVRU�QRGHV�SHUIRUP�FROOHFWLYH�WDVNV�VXFK�DV�GDWD�FROOHFWLRQ�DQG�
GDWD�WUDQVPLVVLRQ�WR�RWKHU�QRGHV�RU�%DVH�6WDWLRQ��%6���7KH�ERWWRP�QRGHV�DUH�ORFDWHG�
DW� GHSWK� RI�ZDWHU�� DQG� DUH�QRW� DEOH� WR� FRPPXQLFDWH� GLUHFWO\�ZLWK� WKH� VXUIDFH� OHYHO�
QRGHV�� WKHVH� QRGHV� UHTXLUH� PXOWL�KRS� FRPPXQLFDWLRQ� ZLWK� DSSURSULDWH� URXWLQJ�
SURWRFRO��7KHUHIRUH�DQ�HQHUJ\�HIILFLHQW�URXWLQJ�SURWRFROV�DUH�XVHG�IRU�VXFK�VFHQDULRV��
ZKLFK�LV�QHFHVVDU\�DV�ZHOO�DV�FKDOOHQJLQJ�WDVN��$V�VHQVRUV�DUH�EDWWHU\�RSHUDWHG�GHYLFHV��
ZKLFK�DUH�UHDOO\�SUREOHPDWLF�WR�UHFKDUJH�RU�UHSODFH��7KH�HUURU�DQG�SURSDJDWLRQ�SDWK�
GHOD\V� DUH� KLJK� LQ� DFRXVWLF� FKDQQHOV� WKHUHIRUH� XQGHUZDWHU� FRPPXQLFDWLRQ� LV� PXFK�
HIIHFWHG�� 5HDOL]LQJ� WKH� FLUFXPVWDQFHV�� PRUH� DWWHQWLRQ� KDV� EHHQ� JLYHQ� WR� FRPSDUH�
HQHUJ\� HIILFLHQW� URXWLQJ� SURWRFROV� ZKLFK� FRPSDUDWLYHO\� FRQVXPH� ORZ� HQHUJ\� DQG�
DFKLHYH�KLJK�WKURXJKSXW��7KLV�SDSHU��FRPSULVHV�RI�DQDO\VLV�DQG�FRPSDULVRQ�RI�H[LVWLQJ�
8:61� EDVHG� HIILFLHQW� HQHUJ\� URXWLQJ� SURWRFROV�� %DVHG� XSRQ� WKH� DQDO\VLV� DQG�
FRPSDULVRQ�� 9%)� DQG�'%5� KDYH� EHHQ� SURSRVHG� WKDW� IXOILOO� WKH� UHTXLUHPHQWV�� 7KH�
DQDO\VLV� LV� GRQH� RQ�16��� DQG� IRU� FRPSDULVRQ�� WKH� SHUIRUPDQFH�PHWULFV� ZKLFK� DUH�
HYDOXDWHG� DUH�� 3DFNHW� GHOLYHU\� 5DWLR� �3'5��� HQHUJ\� FRQVXPSWLRQ�� WKURXJKSXW� DQG�
DYHUDJH�(QG�WR�(QG��(�(��GHOD\��
7KH�UHVXOWV�VKRZV�WKDW�9%)�SURWRFRO�FRQVXPH�YHU\�ODUJH�DPRXQW�RI�HQHUJ\�DV�
FRPSDUHG� WR� '%5� SURWRFRO�� :KHUHDV� '%5� SURWRFRO� KDYH� FKDUDFWHULVWLFV� OLNH� ORZ�
HQHUJ\� FRQVXPSWLRQ�� PLQLPXP� GHOD\� KLJK� 3'5� DQG� KLJK� WKURXJKSXW� WKDQ� 9%)�
SURWRFRO���

.H\ZRUGV��(QHUJ\�HIILFLHQW��5RXWLQJ��9%)��'%5��8QGHUZDWHU�VHQVRU�QHWZRUNV���
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���� 352326('�()),&,(17�0(7+2'�)25�7,&.(7�%22.,1*�
�3(07%��

.+$/,4�$+0('��0�6$',4�$/,�.+$1��0�6+$+$5<$5�,/<$6��7$+)((0�
$6$'��+$),=$�)$6((+$�)$5=((1�80(5�$',/��

6LU�6\HG�8QLYHUVLW\�2I�(QJLQHHULQJ�$QG�7HFKQRORJ\��3DNLVWDQ��
NNKDQ]DGD#KRWPDLO�FRP��PVDNKDQ#KRN�HGX�SN��6KDLU\���#JPDLO�FRP��

WDKIHHP#KRWPDLO�FRP��IDVHHKDBIDU]HHQ��#KRWPDLO�FRP��XPHUDGLO�#JPDLO�FRP�

$EVWUDFW� ² 7KH� SXUSRVH� RI� WKLV� VWXG\� LV� WR� H[SORUH� WKH� GLIIHUHQW� SODWIRUP� WKDW�
LQIOXHQFH�WKH�FOLHQW�WR�EHFRPH�VRFLDO��2XU�SURMHFW��*2WLFNHWV��LV�EDVLFDOO\�D�PRUH�HDV\�
ZD\�WR�ERRN�WLFNHW�IRU�DOO�FDWHJRULHV�RI�HYHQWV�LQFOXGHV�WKH�PRYLH��IHVWLYDOV��KROLGD\�
WRXU��HYHQWV��VSRUWV�DQG�PXFK�PRUH��7KLV�SURMHFW�LV�EDVHG�RQ�&ORXG�FRPSXWLQJ�DQG�ZH�
LPSOHPHQW�WKH�GLJLWDOL]HG�FRQFHSW�RI�WLFNHW�PDUNHWLQJ�LQ�ZKLFK�SHUVRQ�FDQ�EX\�WLFNHWV�
LQ�GLJLWDO�IRUP�DQG�XVH�VLQJOH�SODWIRUP�IRU�DOO�W\SHV�RI�HYHQWV�ERRNLQJ��:H�XVHG�DQJXODU�
-6��LRQLF�IRU�D�IURQW�HQG�DQG�QRGH�MV��H[SUHVV�MV�IRU�D�EDFN�HQG�DQG�PRQJR�'%�IRU�D�
GDWDEDVH��2XU�DSSOLFDWLRQ�ZRUNV�RQ�ERWK�26�SODWIRUP��,26�DQG�DQGURLG���7KH�SURMHFW�
KDV�EHHQ�VXFFHVVIXOO\�LQ�WKH�GHYHORSLQJ�SURFHVV�DQG�WKH�V\VWHP�SHUIRUPDQFH�LV�IRXQG�
VDWLVIDFWRU\�� 7KH� XVH� RI� FRPSXWHUV� LQ� QRQ�SURGXFWLYH� WDVNV� KHOSV� XVHUV� WR� UHGXFH�
ZDVWHG�WLPH��8VHU�IULHQGO\�PHQX�GULYHQ�LQWHUIDFH�XVHUV�FDQ�WKHQ�XVH�WKH�VHUYLFHV�RI�
WKH� DSS� YLD� D� UHJLVWUDWLRQ� IRUP� FDQ� UHJLVWHU� WKHPVHOYHV�� WKLV� SDSHU� GHDOV� ZLWK� WKH�
GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�VPDUW�SKRQH�ZKLFK�LV�PRUH�HIIHFWLYH�DQG�VLPSOH�
DQG�ZH�DOVR� LQWURGXFH�45�VFDQQLQJ�EDU�FRGH� UHDGHU� WKDW� FRQWDLQ� LQIRUPDWLRQ�DERXW�
WLFNHW� LQ� WKH� IRUP�RI�EDU��0RUHRYHU�� WKH� DXWKHQWLFDWLRQ�RI� WKH� WLFNHW� LV� FKHFNLQJ�E\�
DQRWKHU� SHUVRQ� WKURXJK� 45� VFDQQLQJ� EDU� FRGH� UHDGHU� ZKLFK� YHULILHV�� 45FRGH�
LQIRUPDWLRQ�ZLWK�WKH�GDWDEDVH�DQG�UHGXFHV�WKH�EXUGHQ�RI�HYHQW�PDQDJHU����

.H\ZRUGV�²�,RV���$QGURLG��&ORXG�GDWDEDVH��45�VFDQQLQJ�EDUFRGH�UHDGHU��
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���� +\EULG�7HVW�$XWRPDWLRQ�)UDPHZRUN�IRU�PDQDJLQJ�7HVW�'DWD�

.DPLQL��6LPL��%DMDM��
6FKRRO�RI�&RPSXWLQJ�(QJLQHHULQJ�DQG�0DWKHPDWLFV�:HVWHUQ�6\GQH\�8QLYHUVLW\�

$XVWUDOLD��
N�EDMDM#ZHVWHUQV\GQH\�HGX�DX�

$EVWUDFW�7HVW�'DWD�LV�DQ�HVVHQWLDO�HOHPHQW�IRU�ERWK��0DQXDO�DQG�$XWRPDWLRQ�6RIWZDUH�
7HVWLQJ�DQG�PRUH�VR�LQ�$XWRPDWLRQ�7HVWLQJ�ZKHUH�GDWD�GULYHV�WKH�WHVW�H[HFXWLRQ��7HVW�
'DWD� 0DQDJHPHQW� �7'0�� LV� DQ� LPSRUWDQW� LQJUHGLHQW� IRU� WHVWLQJ� KRZHYHU� WHVW�
DXWRPDWLRQ�KDV�EHHQ�SURYHQ�WR�VXFFHVVIXOO\�WHVW�WKH�GDWD�LQWHQVLYH�DSSOLFDWLRQV��+HQFH��
ZH�ZRXOG�SULPDULO\�IRFXV�7'0�IRU�7HVW�$XWRPDWLRQ�LQ�WKLV�UHVHDUFK��7KH�SXUSRVH�RI�
7'0�LV�WR�LPSURYH�WKH�HIIHFWLYHQHVV�DQG�UHGXFH�WKH�WLPH�DQG�FRVW�RI�WHVWLQJ��+RZHYHU��
LW�LV�HVVHQWLDO�WR�LGHQWLI\�WKH�FRPSRQHQWV�RI�7'0�WKDW�FRQWULEXWH�WRZDUGV�IXOILOOLQJ�WKH�
SXUSRVH�� 7HVW� 'DWD� 0DQDJHPHQW� LQYROYHV� V\VWHPDWLF� DSSURDFK� LQ� FUHDWLQJ� DQG�
PDQDJLQJ� WHVW� GDWD� �WHVW� VFHQDULRV�� WHVW� FDVHV� DQG� WHVW� GDWD�EHLQJ�XVHG��� ,Q�RUGHU� WR�
VXFFHHG��LW�UHTXLUHV�VWUDWHJ\�DQG�D�WRRO�WR�HQDEOH�WHDPV�WR�FUHDWH�DQG�PDQDJH�WHVW�GDWD�
LQ�HIIHFWLYH�DQG�HIILFLHQW�ZD\V��0DQ\�K\EULG�IUDPHZRUNV�DQG�WRROV�KDYH�EHHQ�GHSOR\HG�
WKDW� SHUPLW� GDWD� GULYHQ� VFULSWV� WR� FDUU\� RXW� NH\ZRUG� GULYHQ� WHVWLQJ��+RZHYHU�� LW� LV�
LGHQWLILHG�WKDW�PRVW�RI�WKHP�KDYH�ODFNHG�FRUUHFWQHVV�DQG�FRYHUDJH�RI�FRPSRQHQWV�RI�
7'0�� ,Q� WKLV� SDSHU�� ZH� LQWURGXFH� WHVW� DXWRPDWLRQ� IUDPHZRUN� FDOOHG� 7$)3UR� WKDW�
ZRUNV�DV�D�WHVW�KDUQHVV�IRU�,%0�WHVW�DXWRPDWLRQ�WRROV�DQG�RIIHUV�LQFUHDVH�LQ�HIILFLHQF\�
DQG� UHGXFWLRQ� LQ� DSSOLFDWLRQ� DQG� OLIH� F\FOH� FRVWV�� 6LQFH� RUJDQL]DWLRQV� DUH� PRYLQJ�
WRZDUGV�RSHQ�VRXUFH�WRROV�ZH�DLP�WR�PDNH�WKH�7$)3UR�WRRO�LQGHSHQGHQW�IRU�-DYD�EDVHG�
WHVW�WRROV�DQG�UDQ�D�&$6(�VWXG\�ZLWK�6HOHQLXP�VXFFHVVIXOO\�IRU�7'0�DQG�DFKLHYHG�
WKH�JRDO����

.H\ZRUGV��+\EULG�$XWRPDWLRQ�)UDPHZRUN��7HVW�'DWD�0DQDJHPHQW��+\EULG�
IUDPHZRUN�IRU�6HOHQLXP��7HVW�$XWRPDWLRQ�
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���� 7KH�6RIWZDUH�(QJLQHHULQJ�%RG\�RI�.QRZOHGJH��$�%HQFKPDUNLQJ�7RRO�
IRU�2UJDQL]DWLRQDO�3URFHVV�$VVHVVPHQW�DQG�,PSURYHPHQW�±�&DVH�

6WXG\�

0RKDPPDG�=DURXU���-HDQ�0DUF�'HVKDUQDLV���$ODLQ�$EUDQ���
�&ROOHJH�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFHV��'HSDUWPHQW�RI�6RIWZDUH�
(QJLQHHULQJ��3�2��%R[��������5L\DGK�������.LQJGRP�RI�6DXGL�$UDELD�

�eFROH�GH�7HFKQRORJLH�6XSpULHXUH��'HSDUWPHQW�RI�6RIWZDUH�(QJLQHHULQJ�DQG�,7�
�����1RWUH�'DPH�ZHVW��0RQWUpDO��4XpEHF�+�&��.���&DQDGD�

P]DURXU#SVX�HGX�VD��MHDQ�PDUF�GHVKDUQDLV#HWVPWO�FD�DODLQ�DEUDQ#HWVPWO�FD�

$EVWUDFW 7KH�*XLGH�WR�WKH�6RIWZDUH�(QJLQHHULQJ�%RG\�RI�.QRZOHGJH��WKH�6:(%2.�
*XLGH��UHSUHVHQWV�WKH�FRQVHQVXV�RQ�WKH�NQRZOHGJH�WKDW�VRIWZDUH�HQJLQHHUV��DQG�WKHLU�
RUJDQL]DWLRQV�� VKRXOG� XVH� ZKHQHYHU� DQG� ZKHUHYHU� DSSURSULDWH� LQ� VRIWZDUH�
GHYHORSPHQW�� 7KLV� SDSHU� SUHVHQWV� DQ� LQQRYDWLYH� XVH� RI� WKLV� 6:(%2.�*XLGH� DV� D�
EHQFKPDUNLQJ�UHIHUHQFH�IRU�VRIWZDUH�RUJDQL]DWLRQV�LQWHUHVWHG�LQ�SURFHVV�LPSURYHPHQW�
DQG� ORRNLQJ� IRU�EHVW�SUDFWLFHV��3URFHVV� LPSURYHPHQW� DSSURDFKHV�KHOS�RUJDQL]DWLRQV�
LPSURYH�WKHLU�SURFHVVHV�DQG�WKHLU�SHUIRUPDQFH��%HIRUH�LPSOHPHQWLQJ�LPSURYHPHQWV�WR�
H[LVWLQJ� SURFHVVHV�� LW� LV�QHFHVVDU\� WR�EHQFKPDUN�RUJDQL]DWLRQ¶V�SUDFWLFHV�DOUHDG\� LQ�
SODFH� DJDLQVW� D� UHIHUHQFH�� LGHQWLI\LQJ� SURFHVV� ZHDNQHVVHV� DQG� ORRNLQJ� IRU� EHVW�
SUDFWLFHV�WKDW�FDQ�FRQWULEXWH�WR�SURFHVV�LPSURYHPHQW�DFFRUGLQJ�WR�FRUSRUDWH�SULRULWLHV��
7KLV�SDSHU�SUHVHQWV� WZR� LQGXVWU\� FDVH� VWXGLHV� LOOXVWUDWLQJ� WKH�XVH�RI� WKH�6:(%2.�
*XLGH�IRU�EHQFKPDUNLQJ�SXUSRVHV�DQG�SURFHVV�LPSURYHPHQWV��7KLV�SDSHU�SUHVHQWV�DOVR�
TXDQWLWDWLYH� UHVXOWV� RI� SURGXFWLYLW\� DQG� TXDOLW\� DQDO\VHV� LQ� ERWK� RUJDQL]DWLRQV� DQG�
GLVFXVVHV�WKH�FDQGLGDWH�OLQNDJHV����

.H\ZRUGV��$SSUDLVDO��%HVW�SUDFWLFHV��6:(%2.��3URFHVV�LPSURYHPHQW��
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���� 3HUIRUPDQFH�DQDO\VLV�RYHU�DV\PPHWULF�5D\OHLJK�DQG�N���IDGLQJ�
FKDQQHO�IRU�GXDO�KRS�GHFRGH�IRUZDUG�UHOD\LQJ�

%ULMHVK�.XPDU�6LQJK���'U��0DLQDN�0XNKRSDGK\D\�
�%,7�0HVUD��,QGLD��

�+HDG�RI�WKH�GHSDUWPHQW��(&(�'HSDUWPHQW��%,7�0HVUD��'HRJKDU�&DPSXV��,QGLD��
ENVLQJK����#JPDLO�FRP��PDLQDN#ELWPHVUD�DF�LQ

$EVWUDFW��,Q�WKLV�SDSHU��ZH�KDYH�VWXGLHG�WKH�SHUIRUPDQFH�RI�GHFRGH�DQG�IRUZDUG�EDVHG�
FRRSHUDWLYH� FRPPXQLFDWLRQ� V\VWHP� RYHU� DV\PPHWULF� IDGLQJ� FKDQQHO�� 5D\OHLJK�
GLVWULEXWLRQ� KDV� EHHQ� WDNHQ� IRU� FKDQQHO� EHWZHHQ� VRXUFH� 6� DQG� UHOD\� 5� DQG� N���
GLVWULEXWLRQ�KDV�EHHQ�FRQVLGHUHG�EHWZHHQ�UHOD\�5�DQG�GHVWLQDWLRQ�'��0RUH�VSHFLILFDOO\��
ZH� KDYH� GHULYHG� WKH� H[SUHVVLRQ� RI� RXWDJH� SUREDELOLW\� IRU� WKH� V\VWHP� XQGHU�
FRQVLGHUDWLRQ�� 'HULYHG� H[SUHVVLRQ� RI� RXWDJH� SUREDELOLW\� LV� IXUWKHU� XWLOL]HG� IRU� WKH�
GHYHORSPHQW�RI�H[SUHVVLRQ�RI�ELW�HUURU�UDWH��%(5��IRU�WKH�%36.�PRGXODWLRQ�VFKHPH��
:H� KDYH� DOVR� DQDO\]HG� WKH� HIIHFW� RI� YDULRXV� V\VWHP� SDUDPHWHUV� RQ� WKH� RXWDJH�
SUREDELOLW\�DQG�%(5�LQ�WKH�ODWWHU�SDUW�RI�PDQXVFULSW�

.H\ZRUGV��'HFRGH�IRUZDUG��N���IDGLQJ��ELW�HUURU�UDWH��%(5���5D\OHLJK�IDGLQJ��RXWDJH�
SUREDELOLW\�
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���� (OHFWULFDO�(TXLSPHQW�,QFLSLHQW�)DXOWV�6LPXODWLRQ�XVLQJ�
(OHFWURPDJQHWLF�)LHOG�

(PLVVLRQ�

$PPDU�$KPHG�$ONDKWDQL��)DUDK�+DQL�1RUGLQ��=�$�0�6KDUULI�DQG�0RKG�)XD¶DG�
5DKPDW���

8QLYHUVLWL�7HQDJD�1DVLRQDO��3XWUDMD\D�&DPSXV��6HODQJRU��0DOD\VLD��
��8QLYHUVLWL�7HNQRORJL�0DOD\VLD��6NXGDL�������-RKRU��0DOD\VLD��

DPPDU#XQLWHQ�HGX�P\��IDUDK#XQLWHQ�HGX�P\��]DLQXO#XQLWHQ�HGX�P\��
IXDDG#INH�XWP�P\�&RUUHVSRQGHQW�DXWKRU��$PPDU�$KPHG�$ONDKWDQL��

DPPDU#XQLWHQ�HGX�P\�

$EVWUDFW�3UHGLFWLQJ�IDLOXUHV�RI�HOHFWULFDO�HTXLSPHQW�LV�DQ�LQFUHDVLQJO\�LPSRUWDQW�WRSLF�
LQ�ZLGH� UDQJH� RI� VHWWLQJV� LQFOXGLQJ� LQGXVWU\� DV� ZHOO� DV� KRXVHKROG� DSSOLDQFHV�� 7KH�
SURWHFWLRQ�IURP�IDLOXUHV�FDQ�EH�DFKLHYHG�WKURXJK�HDUO\�SUHYHQWLYH�DFWLRQV�ZKLOH�IDXOWV�
DUH�LQ�HDUO\�VWDJHV��,GHQWLILFDWLRQ�RI�VXFK�LQFLSLHQW�IDXOWV�QHHGV�D�WKRURXJK�VWXG\�DQG�
XQGHUVWDQGLQJ� RI� WKHLU� SDWWHUQV�� 6HYHUDO� PHWKRGV� H[LVW� IRU� FROOHFWLQJ� QHFHVVDU\�
LQFLSLHQW�IDXOW�GDWD�IRU�IXUWKHU�DQDO\VLV�DQG�H[WUDFWLRQ�RI�WKRVH�SDWWHUQV��2QH�DSSURDFK�
LV�WR�XVH�WKH�(OHFWURPDJQHWLF�)LHOGV��(0)��HPLVVLRQ�IURP�HOHFWULFDO�HTXLSPHQW�DV�D�
VLJQDWXUH� RI� LQFLSLHQW� IDXOW�� +RZHYHU�� WKLV� SDUDPHWHU� UHTXLUHV� FRQGXFWLQJ�
PHDVXUHPHQWV�WR�FDSWXUH�WKH�(0)�HPLVVLRQ�IURP�HTXLSPHQW�H[SHULHQFLQJ�RQH�RU�PRUH�
LQFLSLHQW�IDXOWV��ZKLFK�PLJKW�UHTXLUH�LQWHUUXSWLQJ�RU�GDPDJLQJ�WKH�HTXLSPHQW�RU�SDUWV�
RI�LW��SRWHQWLDOO\�OHDGLQJ�WR�KD]DUGRXV�FRQVHTXHQFHV��$QRWKHU�PHWKRG�LV�WR�GHVLJQ�DQ�
DQWHQQD� WKDW� JHQHUDWHV� IDXOW\� VLJQDOV� OLNH� WKRVH� RI� HTXLSPHQW� H[SHULHQFLQJ� UHDO�
LQFLSLHQW� IDXOWV��+RZHYHU�� WKLV�PHWKRG� UHTXLUHV�GHWDLOHG�NQRZOHGJH�DERXW� WKH�IDXOWV�
DQG� WKH�(0)�HPLVVLRQ�SURSDJDWLRQ�PHFKDQLVP�DQG� LV�QRW� LQ� IDYRU�GXH� WR� FRVW� DQG�
GHVLJQ�FRPSOH[LW\��+HQFH��LQ�WKLV�SDSHU��ZH�SURSRVH�WR�VLPXODWH�LQFLSLHQW�IDXOWV�EDVHG�
RQ�D�GHULYHG�PRGHO�RI�WKH�(0)�HPLVVLRQ�RI�D�QRUPDO�RSHUDWLQJ�HTXLSPHQW��7R�JHQHUDWH�
WKH�VLPXODWHG�VLJQDOV��WKH�FRHIILFLHQWV�RI�WKH�PRGHO�WUDQVIHU�IXQFWLRQ�DUH�V\VWHPDWLFDOO\�
YDULHG� WR� \LHOG� GLIIHUHQW� LQFLSLHQW� IDXOW� SDWWHUQV��7KH� UHVXOWV� DUH� YDOLGDWHG�ZLWK� WZR�
PHDVXUHG�LQFLSLHQW�IDXOWV��QDPHO\��LQYHUWHU�DQG�ZLQGLQJ�IDXOWV�DQG�LW�ZDV�IRXQG�WKDW�
WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VLPXODWHG�DQG�DFWXDO�IDXOWV�ZDV�VLJQLILFDQW�ZKLFK�LQGLFDWHV�
WKDW�WKLV�PHWKRG�LV�YLDEOH�DV�DQRWKHU�VRXUFH�RI�GDWD�IRU�LQFLSLHQW�IDXOW�DQDO\VLV����

.H\ZRUGV�)DXOW��(0)�(PLVVLRQV��(0)�6RXUFH�0RGHOLQJ��(OHFWULFDO�(TXLSPHQW��
,GHQWLILFDWLRQ�� �
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���� ,QWHJUDWHG�RSWLFDO�GHOD\�OLQH�EDVHG�RQ�0DFK±=HKQGHU�,QWHUIHURPHWHU

=DUOLVK�0XVKWDT���'DQLHOH�0HODWL���$QGUHD�0HOORQL���%�6�&KRZGKU\���0��$VODP�
8TDLOL�

�0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��
�3ROLWHFQLFR�GL�0LODQR��
=DUOLVKDUDLQ#JPDLO�FRP

$EVWUDFW $Q� LQWHJUDWHG� RSWLFDO� GHOD\� OLQH� LV� SUHVHQWHG� DQG� H[SHULPHQWDOO\�
GHPRQVWUDWHG�ZLWK�D�WUXH�WLPH�GHOD\�FRQWLQXRXVO\�WXQHG�XS�WR�����SV��7KH�SURSRVHG�
GHYLFH� LV� EDVHG� RQ� D�0DFK±=HKQGHU� LQWHUIHURPHWHU� ZLWK� WXQHDEOH� FRXSOHUV�� FDQ� EH�
LGHDOO\�RSHUDWHG�ZLWK�D�VLQJOH�FRQWURO�VLJQDO��DQG�DFKLHYHV�D�EDQGZLGWK�GHOD\�SURGXFW�
FRQVLVWHQWO\�ODUJHU�WKDQ�ULQJ�EDVHG�GHOD\�OLQHV���

.H\ZRUGV� 2SWLFDO�GHOD\�OLQHV��WUXHWLPH�GHOD\��PLFURZDYH�SKRWRQLFV��RSWLFDO�ILOWHUV��
0DFK�=HKQGHU�LQWHUIHURPHWHU��LQWHJUDWHG�SKRWRQLFV��LQGLXP�SKRVSKLGH�ZDYHJXLGHV��
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���� $�)UDPHZRUN�IRU�9LVXDO�5HSUHVHQWDWLRQ�RI�&ULPH�,QIRUPDWLRQ�

6DPLXOODK�6KDK��9LMGDQ�.KDOLTXH��6DODKXGGLQ�6DGGDU��1DHHP�$��0DKRWR��
0HKUDQ�8QLYHUVLW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��-DPVKRUR��6LQGK��3DNLVWDQ�

VKDK�VDPLXOODK#RXWORRN�FRP��^YLMGDQ�NKDOLTXH��VDODKXGGLQ�VDGGDU��
QDHHP�PDKRWR`#IDFXOW\�PXHW�HGX�SN�

$EVWUDFW² 7KH�JURZLQJ�QXPEHU�RI�FULPHV�LV�DOZD\V�WKH�SULPH�FRQFHUQ�RI�VHFXULW\�
DJHQFLHV� UHVSRQVLEOH� IRU�PDLQWDLQLQJ� ODZ�DQG�RUGHU�VLWXDWLRQ��&ULPH�DQDO\VLV� LV� WKH�
DFWLYLW\�RI�DJJUHJDWLQJ�DOO�WKH�FULPH�UHSRUWV�WR�JHQHUDWH�D�VLQJOH�FRPSUHKHQVLYH�UHSRUW�
RI� DOO� FULPHV�� ZKLFK� KHOSV� LQ� GHFLVLRQ�PDNLQJ� DQG� FRQWUROOLQJ� FULPHV�� 7KLV� SDSHU�
SURSRVHV�D�IUDPHZRUN�WKDW�WUDQVIRUPV�WKH�VWUXFWXUDO�FULPH�UHODWHG�GDWD�LQWR�HIIHFWLYH�
YLVXDO�UHSRUWV�WR�VWUHQJWKHQ�WKH�SUR�DFWLYH�DFWLYLWLHV�RI�ODZ�HQIRUFHPHQW�DJHQFLHV��
(VSHFLDOO\�� LW�SHUIRUPV�FRPSUHKHQVLYH�SURFHVVLQJ�RI�FULPH� LQIRUPDWLRQ�WR�GHWHFWLQJ�
KHDW�PDSV� RI� FULPHV�� FOXVWHULQJ� FULPH� SDWWHUQV� DQG� SUHVHQWLQJ� LW� E\� PHDQV� RI�
LQIRUPDWLRQ�YLVXDOL]DWLRQ�WHFKQLTXHV��,Q�SDUWLFXODU��WKH�YLVXDO�LQIRUPDWLRQ�LV�SUHVHQWHG�
LQ�WKUHH�GLIIHUHQW�IRUPDWV�����VWDWLVWLFDOO\�VXPPDUL]HG�UHSRUWV�LQ�JUDSKLFDO�IRUPDWV�����
KHDW�PDSV�RI� FULPHV� DQG� ��� FOXVWHUV� RI� FULPH�SDWWHUQV�EDVHG�RQ� JHR�ORFDWLRQV�� 7KH�
SURSRVHG�IUDPHZRUN�PD\�KHOS�LQ�DVVLVWLQJ�VHFXULW\�RIILFLDOV�WR�FRSH�ZLWK�FULPH�UDWHV�
ZLWKLQ�FHUWDLQ�JHR�ORFDWLRQ��7KH�YLVXDO�FULPH�DQDO\VLV�LQIRUPDWLRQ�PD\�DOVR�KHOS�WKH�
SROLF\�PDNHUV� WR� JDLQ� GHSWK� NQRZOHGJH� DERXW� FULPH� W\SHV�� WKHLU� WLPLQJV� DW� FHUWDLQ�
UHJLRQV��7KLV� LQVLJKW�NQRZOHGJH�PD\� LPSURYH� WKH�SHUIRUPDQFH�RI� ODZ�HQIRUFHPHQW�
DJHQFLHV�LQ�UHGXFLQJ�FULPH�UDWH�DQG�XWLOL]LQJ�UHVRXUFHV�HIILFLHQWO\���

.H\ZRUGV²GDWD�YLVXDOL]DWLRQ��LQIRUPDWLRQ�YLVXDOL]DWLRQ��KHDW�PDSV��FULPH�
LQIRUPDWLRQ��
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���� :((3��:HLJKW�%DVHG�(QHUJ\�(IILFLHQW�3ULRULW\�6FKHGXOLQJ�RI�'DWD�
3DFNHWV�LQ�

0RELOH�$G�KRF�1HWZRUNV�

$EVWUDFW² $�PRELOH�DG�KRF�QHWZRUN�LV�DQ�LQIUDVWUXFWXUH�OHVV�QHWZRUN�ZKHUH�WRSRORJ\�
LV� YHU\� G\QDPLF� DQG� QRGHV� DUH� HQHUJ\� FRQVWUDLQHG�� 7KHUHIRUH�� HQHUJ\� HIILFLHQW�
VFKHGXOLQJ�RI�GDWD�SDFNHWV�LV�QHHG�RI�WKH�KRXU��,Q�PRVW�FDVHV��DQ�H[WHUQDO�SULRULW\�LV�
DVVLJQHG�WR�GDWD�SDFNHWV�ZKLFK�ZH�KDYH�WR�WDNH�FDUH��$ORQJ�ZLWK�WKDW��LQ�:((3��ZH�
FRQVLGHU� UHVLGXDO� OLIHWLPH� RI� VRXUFH� DQG� GHVWLQDWLRQ� QRGHV� WR� HVWLPDWH� ZKHWKHU� WKH�
FXUUHQW�SDFNHW�FDQ�EH�VHQW�WR�GHVWLQDWLRQ��0RUHRYHU��LI�SRVVLELOLW\�RI�FRPSOHWLRQ�RI�D�
FRPPXQLFDWLRQ�VHVVLRQ�LV�OHVV��WKHQ�PRUH�ZHLJKW�LV�JLYHQ�WR�GDWD�SDFNHWV�EHORQJLQJ�WR�
WKRVH� VHVVLRQV�� 7KH� PDLQ� LQWHQWLRQ� KHUH� LV� WR� UHGXFH� WKH� QXPEHU� RI� URXWH� UHTXHVW�
PHVVDJHV�� DV� PXFK� DV� SRVVLEOH�� WKURXJK� WKH� VFKHGXOLQJ� SROLF\�� 7KHUHIRUH�� KLJK�
SULRULWLHV�DUH�JLYHQ�WR�WKRVH�SDFNHWV�ZKLFK�DUH�WUDYHOOLQJ�DORQJ�IUDJLOH�SDWKV�FRPSDUHG�
WR� WKRVH� WUDYHOLQJ� DORQJ� WKH� VWDEOH�SDWKV��6LPXODWLRQ� UHVXOWV� VKRZ� WKDW�SHUIRUPDQFH�
LPSURYHPHQW�SURGXFHG�E\�:((3�LV�YHU\�VLJQLILFDQW�FRPSDUHG�WR�RWKHU�VWDWH�RI�WKH�
DUW�VFKHGXOLQJ�SURWRFROV��7R�WKH�EHVW�RI�DXWKRU¶V�NQRZOHGJH��WKLV�LV�WKH�ILUVW�VFKHGXOLQJ�
DOJRULWKP�LQ�DG�KRF�QHWZRUN�WKDW�FRQVLGHUV�H[SHFWHG�UHVLGXDO�OLIHWLPH�RI�GHVWLQDWLRQ�
DORQJ�ZLWK�SHUIRUPDQFH�DQG�IUDJLOLW\�RI�D�SDWK����

,QGH[� 7HUPV� $G� KRF� 1HWZRUNV�� GDWD� SDFNHW�� (QHUJ\� (IILFLHQF\�� 3ULRULW\��
5RXWHUHTXHVW��6FKHGXOLQJ��:HLJKW��
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���� 3HUIRUPDQFH�&RPSDULVRQ�EHWZHHQ�9DULRXV�&RQILJXUDWLRQV�RI�3,'�
&RQWUROOHU�IRU�1RQOLQHDU�,QYHUWHG�3HQGXOXP�6\VWHP�

=HHVKDQ�0DOLN����0RKVLQ�-DPLO��DQG�6\HG�2PHU�*LODQL�
�&ROOHJH�RI�(	0(��3DNLVWDQ��

�1DWLRQDO�8QLYHUVLW\�RI�6FLHQFHV�DQG�7HFKQRORJ\��,VODPDEDG��3DNLVWDQ��
]HHVKDQ�PDOLN��#PH�FHPH�HGX�SN���PRKVLQ#VPP�HGX�SN��

RPHU#VPPH�QXVW�HGX�SN�

$EVWUDFW�7KH�QRQOLQHDU�LQYHUWHG�SHQGXOXP�V\VWHP�LV�D�VRXUFH�RI�LQWHUHVW�IRU�FRQWURO�
HQJLQHHUV�DQG�URERWLFV�UHVHDUFKHUV��7KH�REMHFWLYH�LV�WR�GHWHUPLQH�D�FRPELQDWLRQ�RI�3,'�
FRQWUROOHUV�IRU�LQYHUWHG�SHQGXOXP�V\VWHP�WKDW�GHOLYHUV�EHWWHU�SHUIRUPDQFH�UHVXOWV�YLVD�
YLV�FRQWURO�RI�SHQGXOXP�DQJOH�DQG�FDUW¶V�SRVLWLRQ��%HLQJ�LQKHUHQWO\�XQVWDEOH�G\QDPLF�
VWUXFWXUH��WKH�V\VWHP�SRVHV�D�FRQVLGHUDEOH�FKDOOHQJH��7KUHH�GLIIHUHQW�DUUDQJHPHQWV�RI�
3,'� FRQWUROOHU� KDYH� EHHQ� GHVLJQHG� DQG� LPSOHPHQWHG� WR� FRQWURO� DQJXODU� DQG�
WUDQVODWLRQDO� UHVSRQVHV�� 0$7/$%� 6,08/,1.� KDV� EHHQ� XVHG� WR� DQDO\VHV� V\VWHP�
UHVSRQVH� LQ� YDULRXV� FRQILJXUDWLRQV�� 6LPXODWLRQ� UHVXOWV� H[SOLFLWO\� MXVWLI\� WKH� EHWWHU�
SHUIRUPDQFH�RI�3,'�3,'�FRQWUROOHU�FRPELQDWLRQ����

.H\ZRUGV��,QYHUWHG�SHQGXOXP��1RQOLQHDU�V\VWHP��3,'�FRQWURO��
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���� 0RGHOLQJ�DQG�6LPXODWLRQ�IRU�'&�0RWRU�8VLQJ�&ODVVLFDO�&RQWURO�DQG�
3ROH�

3ODFHPHQW�&RQWURO�'HVLJQ�

3DOZDVKD�5DXI��0RKVLQ�-DPLO��DQG�6\HG�2PHU�*LODQL��
1DWLRQDO�8QLYHUVLW\�RI�6FLHQFHV�DQG�7HFKQRORJ\��1867���,VODPDEDG��3DNLVWDQ��
3DOZDVKD�UDXI#KRWPDLO�FRP���PRKVLQ#VPPH�HGX�SN��RPHU#VPPH�QXVW�HGX�SN�

$EVWUDFW²WKLV�SDSHU�HOXFLGDWHV�YDULRXV�WHFKQLTXHV�WR�FRQWURO�WKH�VSHHG�RI�'&�PRWRU�
DQG�DOVR�VWXGLHG�DERXW�3,'�DQG�WKH�VWDWH�VSDFH�FRQWUROOHU�DQG�PRGHOLQJ�RI�'&�PRWRU��
'&�PRWRU�LV�H[WHQVLYHO\�XVHG�LQ�LQGXVWULHV�GXH�WR�LWV�HDVH�RI�FRQWUROODELOLW\��7KH�3,'�
DQG�VWDWH�VSDFH�FRQWUROOHU�DUH�GHVLJQHG�DQG�LPSOHPHQWHG�LQ�0$7/$%�6LPXOLQN�IRU�
FRQWURO�RI�'&�PRWRU� VSHHG��7KH� SHUIRUPDQFH�RI�ERWK� FRQWUROOHUV� DUH� DQDO\]HG� DQG�
FRPSDUHG�LQ�WKH�WLPH�GRPDLQ�XVLQJ�VWHS�UHVSRQVH�WKURXJK�0$7/$%�VLPXODWLRQ��7KH�
SROH�SODFHPHQW�JLYHV�VDWLVIDFWRU\�UHVSRQVH�WKDQ�WKH�3,'�FRQWUROOHU���

.H\�ZRUGV²'&�PRWRU��7KH�3,'�FRQWUROOHU��6WDWH�VSDFH�FRQWUROOHU�
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���� ,QYHVWLJDWLRQ�RI�2SWLPXP�7HPSHUDWXUH�5HJXODWLQJ�7HFKQLTXH�IRU�
6KHOO�DQG�

7XEH�7\SH�+HDW�([FKDQJHU�

0XKDPPDG�=LD�8OODK�.KDQ��0RKVLQ�-DPLO��DQG�6\HG�2PHU�*LODQL��
1DWLRQDO�8QLYHUVLW\�RI�6FLHQFHV�DQG�7HFKQRORJ\��1867���,VODPDEDG��3DNLVWDQ��

HQJU�]LDXOODK����#JPDLO�FRP��PRKVLQ#VPPH�QXVW�HGX�SN��
RPHU#VPPH�QXVW�HGX�SN�

$EVWUDFW�+HDW�H[FKDQJHU�LV�XVHG�IRU�WUDQVIHU�RI�KHDW�IURP�RQH�IRUP�RI�PDWWHU�WR�DQRWKHU�
IRUP��0DWWHU�LV�PRVWO\�OLTXLG��DLU��RLO�DQG�VWHDP��+HDW�H[FKDQJHUV�DUH�IUHTXHQWO\�XVHG�
LQ� FKHPLFDO� SODQWV�� RLO� UHILQHULHV� DQG� SURFHVV� LQGXVWU\� DV� WKH\� LQYROYHV�ZRUNLQJ� RI�
SURGXFW�DW�GLIIHUHQW� WHPSHUDWXUH��)RU�JHWWLQJ�PD[LPXP�RXW�RI�SURGXFW�ZKHWKHU� LW� LV�
KHDWLQJ�RU�FRROLQJ��UHJXODU�PRQLWRULQJ�DQG�FRQWUROOLQJ�RI�SURGXFW�LV�QHFHVVDU\�ZKLFK�
FDQ�EH�DFKLHYHG�E\�SURSHU�PRGHOOLQJ�RI�KHDW�H[FKDQJHU��,Q�WKLV�SDSHU��PDWKHPDWLFDO�
PRGHOLQJ�RI�VKHOO�WXEH�W\SH�KHDW�H[FKDQJHU�FRPSRQHQWV�ZLOO�EH�GHYHORSHG�DQG�WKHQ�LW�
ZLOO�VLPXODWHG�RQ�6LPXOLQN�E\�XVLQJ�IHHGEDFN�FRQWURO��IHHG�IRUZDUG�ZLWK�IHHGEDFN�DQG�
LQWHUQDO� PRGHO� FRQWUROOHU�� 7KHVH� WKUHH� PRGHOV� ZLOO� EH� SURFHVVHG� IRU� PDWKHPDWLFDO�
PRGHO�DQG�VLPXODWLRQ�E\�XVLQJ�H[SHULPHQWDO�GDWD�IURP�UHIHUHQFH�SDSHU��)XUWKHUPRUH��
SHUIRUPDQFH� RI� WKUHH� PRGHOV� ZLOO� EH� HYDOXDWHG� GHSHQGLQJ� XSRQ� WKHLU� UHVSRQVH�
SDUDPHWHUV�OLNH�RYHUVKRRW��ULVH�WLPH��VHWWOLQJ�WLPH��DQG�VWDELOLW\���

.H\ZRUGV��3,'�FRQWUROOHU��)HHGEDFN��)HHG�IRUZDUG��,QWHUQDO�PRGHO�FRQWUROOHU��,0&���
6KHOO�7XEH�KHDW�H[FKDQJHU�
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���� $QDO\WLFDO�6WXG\�RI�([LVWLQJ�;*�321�DQG�3URSRVHG�1*�321�
1HWZRUNV�ZLWK�'436.�'RZQVWUHDP�DQG�,5=�8SVWUHDP�0RGXODWLRQ�

7HFKQLTXHV�

)DL]DQ�XU�5HKPDQ��$KPHG�0XGGDVVLU�.KDQ��6D\HG�+\GHU�$EEDV�0XVDYL��$UHH]�
.KDOLO�0HPRQ��$WLI�0HKPRRG��6DMLG�$KPDG��=DKLG�$OL��6DMLG�+XVVDLQ�

)DFXOW\�RI�(QJLQHHULQJ��6FLHQFH�	�7HFKQRORJ\��)(67���,QGXV�8QLYHUVLW\��.DUDFKL��
IDL]DQ�UHKPDQ#LQGXV�HGX�SN��DKPHG�PXGGDVVLU#LQGXV�HGX�SN��GHDQ#LQGXV�HGX�SN��

DUHH]�PHPRQ#LQGXV�HGX�SN��DWLIPHKPRRG#LQGXV�HGX�SN�FRP��
VDMLG�DKPHG#LQGXV�HGX�SN��DULDQ�]DKLG#LQGXV�HGX�SN��VDMLGKXVVDLQ#LQGXV�HGX�SN�

$EVWUDFW ,Q� ODVW� IHZ� \HDUV�� HYROXWLRQ� LQ� SDVVLYH� RSWLFDO� QHWZRUNV� �321��KDV� EHHQ�
LQFUHDVHG�GXH�WR�LQFUHDVH�LQ�UHTXLUHPHQW�RI�KLJK�EDQGZLGWK�GHPDQGHG�IURP�FXVWRPHUV��
,Q�WKLV�SDSHU��;*�321��1*�321��DQG�1*321��DUH�DQDO\]HG�E\�HPSOR\LQJ�'436.�
DQG� ,5=� PRGXODWLRQ� WHFKQLTXHV� IRU� GRZQVWUHDP� DQG� XSVWUHDP� WUDQVPLVVLRQ�
UHVSHFWLYHO\��7KH�SHUIRUPDQFH�RI� WKH�V\VWHP�KDV�EHHQ�HYDOXDWHG�RQ� WKH�EDVLV�RI�ELW�
HUURU� UDWH� �%(5�� UHODWLQJ� WR� UHFHLYHG� SRZHU� DQG� WUDQVPLVVLRQ� GLVWDQFH�� 7KH� UHVXOWV�
VKRZ�WKDW�UHFHLYHU�VHQVLWLYLW\�RI�1*�321���LV����WR���G%P�VKRUWHU�WKDQ�RWKHU�321¶V�
LQ�GRZQVWUHDP�WUDQVPLVVLRQ�DQG���G%P�WR���G%P�OHVV�IRU�XSVWUHDP�WUDQVPLVVLRQ�ZKLOH�
DFKLHYLQJ����*ESV�WUDQVPLVVLRQ�UDWH�RYHU�WKH�GLVWDQFH�RI���NP�ILEHU�RSWLF�FKDQQHO���

.H\ZRUGV��)LEHU�WR�WKH�KRPH��)77+�����*ESV�3DVVLYH�2SWLFDO�1HWZRUN��;*�321���
1H[W�*HQHUDWLRQ�3DVVLYH�2SWLFDO�1HWZRUN��1*�321���'LIIHUHQWLDO�4XDGUDWXUH�3KDVH�
6KLIW�.H\LQJ��'436.���,QYHUVH�5HWXUQ�WR�]HUR��,5=�
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���� +LVWRU\�RI�1DQRWHFKQRORJ\��3DVW��&XUUHQW�DQG�)XWXUH�$SSOLFDWLRQV�LQ�
'UXJ�

'HOLYHU\�DQG�,PDJLQJ�

7RRED��6\HG�2PHU�*LODQL��DQG�0RKVLQ�-DPLO��
1DWLRQDO�8QLYHUVLW\�RI�6FLHQFHV�DQG�7HFKQRORJ\��1867���,VODPDEDG��3DNLVWDQ��

WRRED�VKDID#\DKRR�FRP���RPHU#VPPH�QXVW�HGX�SN���PRKVLQ#VPPH�QXVW�HGX�SN�

$EVWUDFW�7KLV�DUWLFOH�VXUYH\V�WKH�XWLOL]DWLRQV�RI�QDQRWHFKQRORJ\�LQ�WKH�ILHOGV�RI� OLIH�
VFLHQFHV� DQG�PHGLFDO�� 'LIIHUHQW� W\SHV� RI� GHYLFHV� GHULYHG� IURP� FKHPLVWU\�� SK\VLFV��
ELRORJ\�DQG�HQJLQHHULQJ�FRYHUHG�E\�WKLV�PXOWLGLVFLSOLQDU\�ILHOG��1HZ�RSSRUWXQLWLHV�LQ�
PHGLFLQH� DQG� DLOPHQW� WKHUDS\� LQ� KXPDQ� RSHQHG� XS� E\� IORXULVKHG� ILHOG� RI�
QDQRWHFKQRORJ\��7KH�SXUSRVH�RI�GHYLFHV�WR�LQWHUDFW�ZLWK�ERG\�DW�VXE�FHOOXODU�OHYHO�ZLWK�
JUHDW�WDUJHW�VSHFLILFLW\�DFKLHYHG�E\�WKLV�SKHQRPHQRQ�ZLWK�PLQLPDO�VLGH�HIIHFWV��5HFHQW�
GHYHORSPHQW�LQ�QDQRWHFKQRORJ\�DOVR�SURYLGHV�WRROV�IRU�GLIIHUHQW�GLVHDVH�WUHDWPHQW�DQG�
LPDJLQJ�� 1DQRWHFKQRORJ\� SOD\V� NH\� UROH� LQ� GUXJ� WKHUDS\� DQG� SDWKRORJ\� GLDJQRVLV�
VXFFHVVIXOO\���

.H\ZRUGV��1DQRWHFKQRORJ\��PHGLFDO� LPDJLQJ��QDQRSDUWLFOHV��GUXJ�GHOLYHU\��FOLQLFDO�
GLDJQRVLV
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���� /LQN�'XUDWLRQ�$QDO\VLV�RI�(QWLW\�0RELOLW\�0RGHOV�LQ�WKH�1HWZRUN�RI�
0RYLQJ�2EMHFWV�

$PEHU�,VUDU���%LODO�$OYL���0XKDPPDG�$DPLU���0XKDPPDG�$VLI�
�6LU�6\HG�8QLYHUVLW\�RI�(QJLQHHULQJ�	�7HFKQRORJ\��.DUDFKL��3DNLVWDQ��

�,OPD�8QLYHUVLW\��.DUDFKL��3DNLVWDQ��
�=LDXGGLQ�8QLYHUVLW\��.DUDFKL��3DNLVWDQ��

EHHQD�DKPHG��#JPDLO�FRP��DOYLELODO#KRWPDLO�FRP��PXDDPLU�#\DKRR�FRP��
PDVLI�VVXHW#JPDLO�FRP�

$EVWUDFW²,Q�WKLV�UHVHDUFK�DUWLFOH��WKH�3UREDELOLW\�'HQVLW\�)XQFWLRQ�RI�/LQN�'XUDWLRQ�
KDV�EHHQ�DQDO\]HG�E\�XVLQJ�WKUHH�PRELOLW\�PRGHOV�LQ�WKH�QHWZRUNV�RI�PRYLQJ�REMHFWV��
/LQN�GXUDWLRQ�LV�D�GHULYHG�PHWULF�RI�JUDSK�WKHRU\��)RU�WKH�DQDO\VLV� WZR�ZHOO�NQRZQ�
DORQJ�ZLWK�D�SURSRVHG�PRELOLW\�PRGHO�KDV�EHHQ�VHOHFWHG��6HYHUDO�SHUIRUPDQFH�FULWHULRQ�
KDYH�EHHQ�FRQVLGHUHG�IRU�WKH�DQDO\VLV� LQFOXGLQJ�VSHHG�RI�QRGH��7UDQVPLVVLRQ�UDQJH��
QRGH� GHQVLW\�� VLPXODWLRQ� DUHD� DQG� FRPSXWDWLRQDO� FRPSOH[LW\� LQ� WHUPV� RI� WLPH�� 7KH�
UREXVWQHVV�� UHOLDELOLW\�RI� WKH�SURSRVHG�VFKHPHV�KDV�EHHQ�H[DPLQHG�E\�XVLQJ�0RQWH�
&DUOR� VLPXODWLRQV� DQG� WKHLU� VWDWLVWLFDO�DQDO\VLV��7KH� UHDO� DGYDQWDJH�RI� WKH�SURSRVHG�
VFKHPH� LV� WR� VWXG\� WKH� HQWLW\� EDVHG�PRELOLW\� RI� REMHFWV� ZKLFK� GR� QRW� VKRZ�PXFK�
YDULDQFH�RI�DQJOH�DQG�GLUHFWLRQ�LQ�WKHLU�PRYHPHQW�VW\OH�OLNH�YHKLFOHV�RQ�KLJKZD\��WKLV�
PRGHO�SURYLGH�HDVH�RI�LPSOHPHQWDWLRQ�GXH�WR�VLPSOLFLW\�RI�WKH�FRGH�DQG�FRQFHSW�LQ�
HQWLW\�PRELOLW\�PRGHOV����

,QGH[� 7HUPV²$G�KRF� 1HWZRUNV�� &RQQHFWLYLW\�� /LQN� 'XUDWLRQ�� 0RELOLW\� 0RGHOV��
0RQWH�&DUOR�6LPXODWLRQV�
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���� 3,��)X]]\�DQG�$1),6�EDVHG�3HUIRUPDQFH�$QDO\VLV�RQ�WKH�+\EULG�
6KXQW�$FWLYH�

)LOWHU�&RQWUROOHG�E\�D�&RPSRVLWH�&RQWURO�7HFKQLTXH�

6DQGK\D�3����'U��5�1DJDUDM�
�(((�'HSDUWPHQW��7KH�2[IRUG�&ROOHJH�RI�(QJLQHHULQJ�%DQJDORUH��,QGLD�

�VDQGK\DUDL#\DKRR�FR�LQ�
'LUHFWRU��7KH�2[IRUG�&ROOHJH�RI�(QJLQHHULQJ�%DQJDORUH��,QGLD�

�QDJDUDM�UDPUDR#JPDLO�FRP��

$EVWUDFW�7KLV� SDSHU� GHPRQVWUDWHV� WKH� K\EULG� DFWLYH� SRZHU� ILOWHU� �+$3)��
LPSOHPHQWDWLRQ�LQ�WKH�WZR�EXV�V\VWHP�ZLWK�QRQ�OLQHDU�ORDGV�FRPSULVLQJ�RI�LQGXFWDQFH��
FDSDFLWDQFH�DQG�WKH�UHFWLILHU�XVLQJ�LQWHOOLJHQW�FRQWUROOHUV��$FWLYH�3RZHU�ILOWHU��$3)��LV�
GHYHORSHG� XVLQJ� WKH�SRLQW�RI� FRPPRQ� FRXSOLQJ� �3&&�� YROWDJH� UHJXODWLRQ� SULQFLSOH�
EDVHG� FRPSRVLWH� FRQWUROOHU�� 0DWODE� EDVHG� LPSOHPHQWDWLRQ� XVLQJ� 3,�� )X]]\� DQG�
$GDSWLYH�1HXUR�)X]]\�,QIHUHQFH�6\VWHP��$1),6��FRQWUROOHUV�LV�FDUULHG�RXW�DQG�WKH�
UHVXOWV�DUH�WDEXODWHG�DQG�REVHUYHG��,W�LV�SHUFHLYHG�WKDW�WKH�1HXUR�)X]]\�LPSOHPHQWDWLRQ�
RI�WKH�+$3)�LV�DFKLHYLQJ�EHWWHU�UHVXOWV��$�WZR�EXV�V\VWHP�ZLWK�DOO�WKH�WKUHH�W\SHV�RI�
ORDGV�OLNH�UHFWLILHU�ZLWK�UHVLVWDQFH�� LQGXFWDQFH�DQG�FDSDFLWDQFH�LV�FRQVLGHUHG�IRU�WKH�
DQDO\VLV��7KLV�SDSHU�XVHV�WKH�FRPSRVLWH�FRQWURO� WHFKQLTXH��7KH�FRUUHFWLRQ�LQ�SRZHU�
IDFWRU�� 7RWDO� +DUPRQLF� 'LVWRUWLRQ� �7+'�� LPSURYHPHQW� DQG� UHDFWLYH� SRZHU�
FRPSHQVDWLRQ�DUH�XVHG�DV�WKH�PHDVXUH�RI�WKH�SHUIRUPDQFH�LQ�WKH�SHUIRUPDQFH�DQDO\VLV�
FDUULHG�RXW�LQ�WKLV�SDSHU���

.H\ZRUGV��3,�&RQWUROOHU��)X]]\�&RQWUROOHU��$1),6�&RQWUROOHU��$FWLYH�3RZHU�)LOWHU��
+\EULG�$FWLYH�3RZHU�)LOWHU��3RZHU�)DFWRU�&RUUHFWLRQ�DQG�7+'
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���� $QDO\VLV�RI�'71�5RXWLQJ�3URWRFROV�LQ�'5+7�DQG�763�

(O�$UEL�$%'(//$28,�$/$28,����DQG�.KDOLG�1$66,5,�
�(QJLQHHULQJ�6FKRRO�(,*6,������5RXWH�RI�WKH�2DVLV��&DVDEODQFD��0RURFFR��

�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��)DFXOW\�RI�6FLHQFHV�DQG�7HFKQRORJLHV�0\�,VPDLO�
8QLYHUVLW\��(UUDFKLGLD��0RURFFR�

HODUEL�DEGHOODRXL#HLJVLFD�PD��QDVVNKDOLG#JPDLO�FRP�

$EVWUDFW��:H�SURSRVH� LQ� WKLV�ZRUN� D� WRSRORJ\� DGDSWHG� WR� WKH� URXWLQJ� LQ� WKH� GHOD\�
WROHUDQW�QHWZRUNV��'71���7KLV�WRSRORJ\�SOD\V�D�YHU\�LPSRUWDQW�UROH�LQ�WKH�GHVLJQ�DQG�
WKH� LPSOHPHQWDWLRQ� RI� URXWLQJ� SURWRFROV� LQ� WKLV� W\SH� RI� QHWZRUNV� GHYRLG� RI� DQ\�
LQIUDVWUXFWXUH� DQG� DQ\� FHQWUDOL]HG� DGPLQLVWUDWLRQ�ZLWK� DQ� LQWHUPLWWHQW� FRQQHFWLYLW\��
,QGHHG��ZH�GHYHORS�D�'71�URXWLQJ�KLHUDUFKLFDO�WRSRORJ\��'5+7��ZKLFK�LQFRUSRUDWHV�
WKUHH� IXQGDPHQWDO� FRQFHSWV�� IHUULHV� PHVVDJHV�� IHUULHV� URXWHV� DQG� FOXVWHUV�� 7KH�
LQWUDFOXVWHU�URXWLQJ�LV�PDQDJHG�E\�WKH�FOXVWHU�KHDG��ZKLOH�WKH�LQWHU�FOXVWHU�URXWLQJ�LV�
PDQDJHG� E\� WKH� IHUULHV� PHVVDJHV�� 7KLV� DSSURDFK� DOORZV� XV� WR� LPSURYH� WKH�
SHUIRUPDQFHV�RI�'71�QHWZRUNV��7KH�VLPXODWLRQV�UHVXOWV�KDYH�VKRZQ�WKDW�RXU�VROXWLRQ�
WKH�'5+7�SURYHV�WR�EH�HIIHFWLYH�DQG�DGHTXDWH�LQ�WKH�FRQWH[W�RI�WKH�'71�QHWZRUNV�
FRPSDUHG�WR�RWKHU�H[LVWLQJ�DSSURDFKHV����

.H\ZRUGV��'HOD\�7ROHUDQW�1HWZRUNV��'71���'5+7��763��0HVVDJH�)HUU\��+LHUDUFK\�
5RXWLQJ
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���� &DSDFLW\�DQG�%(5�$QDO\VLV�RI�)62�/LQN�LQ�$GYHUVH�:HDWKHU�
&RQGLWLRQV�RYHU�.�'LVWULEXWLRQ�

5DKXO�.DXVKLN��%DONULVKQD�6KXNOD��9LVKDO�6D[HQD�
'HSDUWPHQW�RI�(OHFWURQLFV�DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ�

-D\SHH�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��1RLGD��,1',$���������
UDKXO�NDXVKLN#MLLW�DF�LQ

$EVWUDFW�� ,Q� D� IUHH�VSDFH� RSWLFDO� �)62�� OLQN�� WKH� SURSDJDWLQJ� RSWLFDO� VLJQDO� LV�
GHWHULRUDWHG�E\� WXUEXOHQFH�LQGXFHG� IDGLQJ� LQ� WKH�DWPRVSKHUH�DQG�DWWHQXDWLRQ�GXH�WR�
DGYHUVH� ZHDWKHU� FRQGLWLRQV�� 7KH� SHUIRUPDQFH� RI� WKH� OLQN� LV� DOVR� GHJUDGHG� GXH� WR�
SRLQWLQJ� HUURU� UHVXOWLQJ� IURP� WKH� PLVDOLJQPHQW� RI� ODVHU� DW� WKH� WUDQVPLWWHU� DQG�
SKRWRGHWHFWRU� DW� WKH� UHFHLYHU�� ,Q� WKLV� SDSHU�� FORVHG� IRUP� DQDO\WLFDO� H[SUHVVLRQV� WR�
HYDOXDWH�DYHUDJH�FDSDFLW\�DQG�%(5�LQ� WXUEXOHQFH�DORQJZLWK�SRLQWLQJ�HUURU�DQG�SDWK�
ORVV�GXH�WR�DGYHUVH�ZHDWKHU�DUH�JLYHQ��7KH�WXUEXOHQFH�LQ�WKH�DWPRVSKHUH�LV�DVVXPHG�WR�
EH�PRGHOOHG�E\�N�GLVWULEXWLRQ��7KLV�DQDO\VLV�UHYHDOV�WKDW�SHUIRUPDQFH�RI�D�)62�OLQN�LV�
GHJUDGHG� LQ� DGYHUVH� ZHDWKHU� FRQGLWLRQV� DQG� WKH� PRVW� VHYHUH� GHJUDGDWLRQ� LQ� WKH�
SHUIRUPDQFH�LV�REVHUYHG�LQ�IRJJ\�FRQGLWLRQV�

.H\ZRUGV��7XUEXOHQFH��N�GLVWULEXWLRQ��IUHH�VSDFH�RSWLFV��SRLQWLQJ�HUURU��ELW�HUURU�UDWH��
FDSDFLW\��SDWK�ORV�
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���� 6PDUW�*ULG���6HFXULW\�DQG�+DUGZDUH�&U\SWRJUDSK\�8VLQJ�7$&,7�
$OJRULWKP�$GHVK�.XPDU�

'HSDUWPHQW�RI�(OHFWURQLFV��,QVWUXPHQWDWLRQ�DQG�&RQWURO�(QJLQHHULQJ��
8QLYHUVLW\�RI�3HWUROHXP�	�(QHUJ\�6WXGLHV���83(6��'HKUDGXQ�,QGLD�

DGHVKPDQDY#JPDLO�FRP�
9DUXQ�.DNNDU�

'HSDUWPHQW�RI�(OHFWURQLFV�DQG�&RPPXQLFDWLRQ�(QJLQHHULQJ��
%�7�.XPDRQ�,QVWLWXWH�RI�7HFKQRORJ\��'ZDUDKDW��8WWDUDNKQDG��,QGLD�

NDNDUYDUXQ#JPDLO�FRP�
*DXUDY�9HUPD��5DKXO�.DXVKLN�

'HSDUWPHQW�RI�(OHFWURQLFV	�&RPPXQLFDWLRQ�(QJLQHHULQJ��
-D\SHH�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��-,,7���1RLGD�

JDXUDY�LLWNJ#JPDLO�FRP��UDKXO�NDXVKLN#MLLW�DF�LQ

$EVWUDFW²� 7KH� VPDUW� JULG� LV� WKH� XSJUDGDWLRQ� LQ� WKH� H[LVWLQJ� JULGV� LQ� WHUPV� RI�
SHUIRUPDQFH�� FRVW�� UHOLDEOH� WHFKQRORJLHV�� ,27� DQG� FRPPXQLFDWLRQ� LQIUDVWUXFWXUH��
FRQVLGHUHG�DV�QH[W�JHQHUDWLRQ�SRZHU�V\VWHPV�DQG�HYROXWLRQDU\�UHJLPH�RI�FRQYHQWLRQDO�
JULGV��7KH�SDSHU�IRFXVHV�RQ�WKH�QHHG�RI�VPDUW�JULG�RYHU�WUDGLWLRQDO�VPDUW�JULG��VHFXULW\�
LVVXHV�DQG�SURSRVHG�VROXWLRQ�DV�FU\SWRJUDSK\�HQFU\SWLRQ�DQG�GHFU\SWLRQ�WHFKQLTXHV�LQ�
FRQVXPHU�VLGH��7KH�WHFKQRORJ\�DGRSWHG�E\�WKH�WUDGLWLRQDO�JULGV�LV�RXWGDWHG�DQG�LQ�PDQ\�
FDVHV� QRW� UHOLDEOH�� FRVWLQJ� XQQHFHVVDU\� PRQH\� WR� WKH� XWLOLWLHV�� DQG� FRQVXPHUV�� 7KH�
VPDUW�JULG�SURYLGHV�WKH�WZR�ZD\V�FRPPXQLFDWLRQ�ZKLFK�HQDEOHV�FRQVXPHUV� WR�VDYH�
HQHUJ\�DQG�DGYDQFHG�PHWHULQJ�WHFKQRORJLHV�SURYLGHV�VXFK�HQYLURQPHQW�WKDW�SHUPLWV�
WR�VHOO�EDFN�HQHUJ\� LQWR�WKH�JULG��7R�XSJUDGH�WKH�FRQYHQWLRQDO�JULG�� LW� LV�HVVHQWLDOO\�
UHTXLUHG�WR�XSGDWH�WKH�V\VWHP�ZLWK�GLVWULEXWHG�VXE�V\VWHPV��LQWHOOLJHQFH�DQG�EURDGEDQG�
FRPPXQLFDWLRQ�QHWZRUN��,Q�WKH�QHWZRUN�FRPPXQLFDWLRQ��QHWZRUN�VHFXULW\�LV�DQ�LVVXH�
WR�SUHYHQW�WKH�VPDUW�JULG�IURP�DWWDFNHUV��0RUHRYHU��VPDUW�JULG�PXVW�EH�FRQILJXUHG�LQ�
VXFK�D�ZD\�WKDW�WKH�HQHUJ\�XVDJH�VKRXOG�EH�OHVV��ZKLOH�GHDOLQJ�ZLWK�HQHUJ\�GHOLYHU\�
QHWZRUNV� DQG� HQHUJ\� PDQDJHPHQW�� 7KH� SDSHU� SURYLGHV� D� VROXWLRQ� ZKLFK� FDQ� EH�
LQWHJUDWHG�ZLWK�VPDUW�JULG�GHYLFHV�EHFDXVH�VPDUW�JULG�KDV�HOHFWURQLFV�GHYLFHV�DQG�UHDO�
WLPH�GDWD�EDVH�DFFHVV��7$&,7�&U\SWRJUDSKLF�HQFU\SWLRQ�DQG�GHFU\SWLRQ�DOJRULWKPV�DUH�
SURSRVHG� WR� LQWHJUDWH� ZLWK� WKH� VPDUW� JULG� HOHFWURQLFV� GHYLFHV�� HPEHGGHG� DV� )LHOG�
3URJUDPPDEOH�*DWH�$UUD\��)3*$��FKLSV�IRU�KLJKHU�WKURXJKSXW�DQG�SURYHQ�H[WUHPHO\�
VHFXUHG�QHWZRUN��7KH�DOJRULWKP�LV�GHYHORSHG�XVLQJ�9+'/�SURJUDPPLQJ�ODQJXDJH�DQG�
WDUJHWHG�RQ�9LUWH[���)3*$�WR�HQVXUH� WKDW� WKH� DOJRULWKP�FDQ�EH�DSSOLFDEOH� LQ� VPDUW�
JULGV�DQG�SURYLGHV�WKH�QHZ�SODWIRUP�IRU�JULG�VHFXULW\����

.H\ZRUGV²6PDUW�*ULG��1HWZRUN�6HFXULW\��)LHOG�3URJUDPPDEOH�*DWH�$UUD\��)3*$���
&U\SWRJUDSK\
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���� /LJKW�ZHLJKW�DQG�/RZ�FRVW�+HDOWK&DUH���$�&ORXG�EDVHG�%$1�IRU�
5HPRWH�

+HDOWK�0RQLWRULQJ�

�7HHQD�+LQHVK�%DFKDQL���+LPHVK�.XPDU���6DQD�+RRU�-RNKLR���,PUDQ�$OL�-RNKLR��
�,,&7�08(7�-DPVKRUR��3DNLVWDQ���

�,%(7�/80+6�8QLYHUVLW\�-DPVKRUR��3DNLVWDQ��
�'HSW��RI�&6(�08(7�-DPVKRUR��3DNLVWDQ���

�6FKRRO�RI�,QIRUPDWLRQ�7HFK��	�(QJ���0HOERXUQH�,QVWLWXWH�RI�7HFKQRORJ\��
0HOERXUQH��$XVWUDOLD��

�WHHQDNXPDUL��#KRWPDLO�FRP���KLQHVK�NXPDU#OXPKV�HGX�SN��
�VDQD�KRRU#IDFXOW\�PXHW�HGX�SN����LMRNKLR#PLW�HGX�DX���

$EVWUDFW²$�%$1��ZKLFK�IXQGDPHQWDOO\�FRPSULVHV�RI�UHPRWH�ZHDUDEOH�VHQVRU�QRGHV�
W\SLFDOO\�RUJDQL]HG�E\�PHDQV�RI�D�VWD�WLRQDU\�RU�SRUWDEOH�GHYLFH��LV�SULQFLSDOO\�DGRSWHG�
WR�H[DPLQH�VLQJOH�DLGHG�OLYLQJV��$�V\VWHP�RI�%$1V�ZRUQ�E\�D�JURXS�RI�LQGLYLGXDOV�IRU�
FRQWLQXRXV�PRQLWRULQJ�GHOLYHUV� KXJH� VXP�RI� FRQWH[WXDO� LQIRUPDWLRQ� WKDW� UHTXLUH�DQ�
DGDSWDEOH�� VFDODEOH� DQG� FRVW� HIIHFWLYH� DSSURDFK� IRU� VWRUDJH� FDSDFLW\� DV� ZHOO� DV�
HODERUDWLRQ��,Q�WKLV�SDSHU��ZH�SURSRVH�D�FORXG�LQWHJUDWHG�OLJKW�ZHLJKW�DQG�ORZ�FRVWV�
KHDOWK�FDUH�ZLUHOHVV�%$1��2XU�SURSRVHG�V\VWHP�LV�LQWHQGHG�WR�HYDOXDWH�DQG�REVHUYH�
VLJQLILFDQW�SK\VLRORJLFDO�LQIRUPDWLRQ�RI�D�SDWLHQW�ZLWK�D�VSHFLILF�HQG�JRDO�WR�SUHFLVHO\�
SRUWUD\� WKH� VWDWXV� RI� KHU�KLV� ZHOOEHLQJ� DQG� ZHOOQHVV� DQ\WLPH� DQ\ZKHUH�� 7R� HQVXUH�
DFFXUDF\�DQG�UHOLDELOLW\�WKH�SURSRVHG�%$1�KDV�EHHQ�ILHOG�WHVWHG��7KH�WHVW�RXWFRPHV�
GHPRQVWUDWH�WKDW�LW�LV�DEOH�WR�FDOFXODWH�WKH�SDWLHQW¶V�SK\VLRORJLFDO�YLWDOV�ZLWK�D�YHU\�KLJK�
DFFXUDF\����

,QGH[�7HUPV²:LUHOHVV�%RG\�$UHD�1HWZRUN��&ORXG�&RPSXW�LQJ��6PDUW�+HDOWK�&DUH��
5HPRWH�3DWLHQW�PRQLWRULQJ�V\VWHP
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���� $QRPDO\�GHWHFWLRQ�RI�VWUHDPLQJ�GDWD�XVLQJ�ELJ�GDWD�DQDO\WLFV�

6KHHUD]�1LD]�/LJKDUL��'LO�0XKDPPDG�$NEDU�+XVVDLQ�
�������'HSDUWPHQW�RI�(QHUJ\�7HFKQRORJ\��$DOERUJ�8QLYHUVLW\��(VEMHUJ��'HQPDUN�

$EVWUDFW��7KH� VWUHDPLQJ� GDWD� LV� SURGXFHG� FRQWLQXRXVO\� E\�PLOOLRQV� RI� GHYLFHV� LQ�
HQRUPRXV� DPRXQW� DW� KLJK� VSHHG�� 7KH� PRVW� RI� WKH� ZRUN� LV� GRQH� RQ� GDWD� ZKLFK� LV�
JHQHUDWHG�RIIOLQH�RU�LQ�EDWFK�IRUPDW�EXW�ZRUN�UHODWHG�WR�RQOLQH�RU�VWUHDPLQJ�GDWD�LV�VWLOO�
DQ�RSHQ�LVVXH�IRU�UHVHDUFKHUV��7KH�VWUHDPLQJ�GDWD�DVFHQGV�QHZ�SUREOHPV�LQ�WKH�ILHOG�RI�
GDWD�VWUHDPLQJ�EHFDXVH�RI�LWV�SURGXFWLRQ�DW�IDVW�UDWH��7KH�DSSOLFDWLRQV�SHUIRUPLQJ�WKH�
DQRPDO\�GHWHFWLRQ�HVSHFLDOO\�RQ�WKH�VWUHDPLQJ�GDWD�DUH�GHDOLQJ�ZLWK�GLIIHUHQW�LVVXHV�
EHFDXVH�RI�WKH�G\QDPLF�FKDQJH�LQ�LWV�VL]H�DQG�VWUXFWXUH��)RU�GHWHFWLRQ�RI�DQRPDOLHV�LQ�
D� VWUHDP� RI� GDWD�� ZH� KDYH� SLFNHG� 6WUHDPLQJ� RU� 2QOLQH� .0HDQV� DOJRULWKP�� 7R�
LPSOHPHQW�WKLV�DOJRULWKP��ZH�DSSO\�DQ�DUFKLWHFWXUH�RI�ELJ�GDWD�HFRV\VWHP�LQFOXGLQJ�
$SDFKH�.DIND�DQG�6SDUN�6WUHDPLQJ�SURFHVVLQJ��7KH�DOJRULWKP�LV�DQDO\]HG�EDVHG�RQ�
VWDQGDORQH��<$51���DQG�0HVRV�PRGHV��7KH�DQDO\VHV�PDLQO\�LQYHVWLJDWHV�WZR�IDFWRUV��
WKH�SURFHVVLQJ�WLPH�DQG�DFFXUDF\�RI�DOJRULWKP��7R�LPSURYH�WKH�SURFHVVLQJ�WLPH��ZH�
KDYH�SURSRVHG�DQG�LPSOHPHQWHG�WKH�GLVWULEXWHG�RU�SDUDOOHO�DUFKLWHFWXUH��,Q�WKH�UHVXOW��
ZH� REVHUYHG� SURSRVHG� DUFKLWHFWXUH� LV� WDNLQJ� OHVV� WLPH� DV� FRPSDUHG� WR� WKH� VLQJOH�
VWDQGDORQH� PRGH�� )XUWKHUPRUH�� ZH� KDYH� DOVR� LQYHVWLJDWHG� WKH� DFFXUDF\� RI� WKH�
6WUHDPLQJ�.0HDQV�XVLQJ�WKUHH�DIRUHPHQWLRQHG�PRGHV���

.H\ZRUGV²�%LJ�GDWD��6WUHDPLQJ�GDWD��$QRPDO\�GHWHFWLRQ��0DFKLQH�/HDUQLQJ��
6WUHDP�&OXVWHULQJ
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