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/ŶĨŽƌŵĂƟŽŶ�^ǇƐƚĞŵƐ�Θ�'ƌŝĚ�dĞĐŚŶŽůŽŐŝĞƐ

^ŝǆƚŚ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�/^'d͛ϮϬϭϮ

^ŽĮĂ͕��ƵůŐĂƌŝĂ͕�:ƵŶĞ�ϭʹϯ͕͘�ϮϬϭϮ͘



�

/^'d͛ϮϬϭϮ��ŽŶĨĞƌĞŶĐĞ��ŽŵŵŝƩĞĞƐ�

�ŽͲĐŚĂŝƌƐ
ͻ WƌŽĨ�/ǀĂŶ�^K^<Ks�
ͻ WƌŽĨ�<ŝƌŝů��Kz�EKs�

WƌŽŐƌĂŵ��ŽŵŵŝƩĞĞ
ͻ DşĐŚĠĂů�DĂĐ�ĂŶ��/Z�,/EE/',͕�dƌŝŶŝƚǇ��ŽůůĞŐĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƵďůŝŶ
ͻ WĂǀĞů����>Ks͕�WĞŶŶƐǇůǀĂŶŝĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ
ͻ DĂƌĂƚ� �/<d/D/ZKs͕� :ŽŝŶƚ� ^ƵƉĞƌĐŽŵƉƵƚĞƌ� �ĞŶƚĞƌ͕ � ZƵƐƐŝĂŶ� �ĐĂĚĞŵǇ� ŽĨ�

^ĐŝĞŶĐĞƐ
ͻ DĂƌŬŽ��KE��͕��ĐĂĚĞŵŝĐ�ĂŶĚ�ZĞƐĞĂƌĐŚ�EĞƚǁŽƌŬ�ŽĨ�^ůŽǀĞŶŝĂ
ͻ DĂƌĐŽ����D�Z�K͕��ĂƚŚŽůŝĐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝůĂŶ
ͻ DŝůĞŶĂ��K�Z�s�͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ƚƌĂƚŚĐůǇĚĞ͕�'ůĂƐŐŽǁ
ͻ sŝĂĐŚĞƐůĂǀ�/>/E͕�DŽƐĐŽǁ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ
ͻ sůĂĚŝŵŝƌ�'�dKs͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tĞƐƚŵŝŶƐƚĞƌ
ͻ :ĂŶ�'ZhEdKZ��͕��ǌĞĐŚ�ZĞƐĞĂƌĐŚ�ĂŶĚ��ĐĂĚĞŵŝĐ�EĞƚǁŽƌŬ
ͻ WĂǀŽů�,KZs�d,͕�^ůŽǀĂŬ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ
ͻ ^ĞŝĨĞĚŝŶĞ�<��Zz͕ ��ŵĞƌŝĐĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�ƚŚĞ�DŝĚĚůĞ��ĂƐƚ͕�<ƵǁĂŝƚ
ͻ �ƌƚŽ�<�Z/>�͕�,ĞůƐŝŶŬŝ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ
ͻ �ŝĞƚĞƌ�<Z�E�Dh�>>�Z͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�sŝĞŶŶĂ
ͻ ^ŚǇ�<hdd�E͕�/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ
ͻ sĂƐŝůŝƐ�D�'>�Z/^͕�EĂƟŽŶĂů�dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƚŚĞŶƐ
ͻ /ǀĂŶ�W>�E��Z͕�^ůŽǀĂŬ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞ�
ͻ �Žǀ�d�Ζ�E/͕�dĞůͲ�ǀŝǀ�hŶŝǀĞƌƐŝƚǇ�
ͻ ^ƚĂŶŝƐůĂǁ�tZz���͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�'ĚĂŶƐŬ
ͻ &ĂŶŝ��>�d�ZKs�͕��ůŝǌĂďĞƚŚƚŽǁŶ��ŽůůĞŐĞ

KƌŐĂŶŝǌŝŶŐ��ŽŵŵŝƩĞĞ
ͻ sůĂĚŝŵŝƌ��/D/dZKs
ͻ DĂƌŝĂ�E/^,�s�
ͻ <ĂůŝŶŬĂ�<�>Kz�EKs�
ͻ sĂƐŝů�'�KZ'/�s



�

sůĂĚŝŵŝƌ��ŝŵŝƚƌŽǀ�;�ĚŝƚŽƌͿ

/ŶĨŽƌŵĂƟŽŶ�^ǇƐƚĞŵƐ�Θ�'ƌŝĚ�dĞĐŚŶŽůŽŐŝĞƐ
^ŝǆƚŚ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�/^'d͛ϮϬϭϮ

^ŽĮĂ͕��ƵůŐĂƌŝĂ͕�:ƵŶĞ�ϭʹϯ͕͘�ϮϬϭϮ͘

WƌŽĐĞĞĚŝŶŐƐ

^ƚ͘�<ůŝŵĞŶƚ�KŚƌŝĚƐŬŝ�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ



�

Ξ ϮϬϭϮ��sůĂĚŝŵŝƌ��ŝŵŝƚƌŽǀ�;�ĚƐ͘Ϳ
/^^E�ϭϯϭϰͲϰϴϱϱ
^ƚ͘�<ůŝŵĞŶƚ�KŚƌŝĚƐŬŝ�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ

WƌĞĨĂĐĞ

dŚŝƐ�ĐŽŶĨĞƌĞŶĐĞ�ǁĂƐ�ďĞŝŶŐ�ŚĞůĚ�ĨŽƌ�ƚŚĞ�ƐŝǆƚŚ�ƟŵĞ�ŝŶ�ƚŚĞ�ďĞŐŝŶŶŝŶŐ�ŽĨ�:ƵŶĞ͕�ϮϬϭϮ�
ŝŶ� ƚŚĞ�ŵŽƵŶƚĂŝŶ� ƌĞƐŽƌƚ�'ǇŽůĞĐŚŝĐĂ�ŶĞĂƌ�^ŽĮĂ͕��ƵůŐĂƌŝĂ͘� /ƚ� ŝƐ� ƐƵƉƉŽƌƚĞĚ�ďǇ� ƚŚĞ�
EĂƟŽŶĂů�^ĐŝĞŶĐĞ�&ƵŶĚ͕�ďǇ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ŽĮĂ�͞^ƚ͘�<ůŝŵĞŶƚ�KŚƌŝĚƐŬŝ͟�ĂŶĚ�ďǇ�
ƚŚĞ��ƵůŐĂƌŝĂŶ��ŚĂƉƚĞƌ�ŽĨ�ƚŚĞ��ƐƐŽĐŝĂƟŽŶ�ĨŽƌ�/ŶĨŽƌŵĂƟŽŶ�^ǇƐƚĞŵƐ�;�Ƶů�/^Ϳ͘�dŚĞ�
KƌŐĂŶŝǌŝŶŐ��ŽŵŵŝƩĞĞ�ĐŽŶƐŝƐƚƐ�ŽĨ�ƐĐŝĞŶƟƐƚƐ�ĨƌŽŵ�ƚŚĞ�&ĂĐƵůƚǇ�ŽĨ�DĂƚŚĞŵĂƟĐƐ�ĂŶĚ�
/ŶĨŽƌŵĂƟĐƐ�ŽĨ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�̂ ŽĮĂ͘�dƌĂĚŝƟŽŶĂůůǇ�ƚŚŝƐ�ĐŽŶĨĞƌĞŶĐĞ�ŝƐ�ŽƌŐĂŶŝǌĞĚ�ŝŶ�
ĐŽŽƉĞƌĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�/ŶĨŽƌŵĂƟŽŶ�ĂŶĚ��ŽŵŵƵŶŝĐĂƟŽŶ�dĞĐŚŶŽůŽŐŝĞƐ�
ŽĨ�ƚŚĞ��ƵůŐĂƌŝĂŶ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͘�

dŽƚĂů�ŶƵŵďĞƌ�ŽĨ�ƉĂƉĞƌƐ�ƐƵďŵŝƩĞĚ�ĨŽƌ�ƉĂƌƟĐŝƉĂƟŽŶ�ŝŶ�/^'d͛ϮϬϭϮ�ǁĂƐ�ϱϯ͘�dŚĞǇ�
ƵŶĚĞƌŐŽ� ƚŚĞ� ĚƵĞ� ƐĞůĞĐƟŽŶ� ďǇ� Ăƚ� ůĞĂƐƚ� ƚǁŽ� ŽĨ� ƚŚĞ� ŵĞŵďĞƌƐ� ŽĨ� ƚŚĞ� WƌŽŐƌĂŵ�
�ŽŵŵŝƩĞĞ͘� dŚŝƐ� ďŽŽŬ� ĐŽŵƉƌŝƐĞƐ� ϯϲ� ƉĂƉĞƌƐ� ŽĨ� ϯϱ� �ƵůŐĂƌŝĂŶ� ĂƵƚŚŽƌƐ� ĂŶĚ� ϭϱ�
ĨŽƌĞŝŐŶ� ĂƵƚŚŽƌƐ� ŝŶĐůƵĚĞĚ� ŝŶ� ŽŶĞ� ŽĨ� ƚŚĞ� ƚŚƌĞĞ� ĐŽŶĨĞƌĞŶĐĞ� ƚƌĂĐŬƐ͘� /Ŷ� ŽƌĚĞƌ� ƚŽ�
ĨĂĐŝůŝƚĂƚĞ�ĂĐĐĞƐƐ�ƚŽ�ƚŚĞ�ƌĞƐƵůƚƐ�ƌĞƉŽƌƚĞĚ�ŝŶ�ƚŚŝƐ�ĐŽŶĨĞƌĞŶĐĞ�ƚŚĞ�ƉĂƉĞƌƐ�ǁŝƚŚ�ŚŝŐŚĞƌ�
ƌĞĨĞƌĞĞ Ɛ͛� ƐĐŽƌĞ� ǁŝůů� ďĞ� ƵƉůŽĂĚĞĚ� Ăƚ� �/^� ;�ƐƐŽĐŝĂƟŽŶ� ŽĨ� /ŶĨŽƌŵĂƟŽŶ� ^ǇƐƚĞŵƐͿ�
ĐŚĂƉƚĞƌ� ͞�ŽŶĨĞƌĞŶĐĞƐ͘͟ � ZĞƐƉŽŶƐŝďŝůŝƚǇ� ĨŽƌ� ƚŚĞ� ĂĐĐƵƌĂĐǇ� ŽĨ� Ăůů� ƐƚĂƚĞŵĞŶƚƐ� ŝŶ�
ĞĂĐŚ�ƉĞĞƌͲƌĞǀŝĞǁĞĚ�ƉĂƉĞƌ�ƌĞƐƚƐ�ƐŽůĞůǇ�ǁŝƚŚ�ƚŚĞ�ĂƵƚŚŽƌ;ƐͿ͘�WĞƌŵŝƐƐŝŽŶ�ŝƐ�ŐƌĂŶƚĞĚ�
ƚŽ� ƉŚŽƚŽĐŽƉǇ� Žƌ� ƌĞĨĞƌ� ƚŽ� ĂŶǇ� ƉĂƌƚ� ŽĨ� ƚŚŝƐ� ďŽŽŬ� ĨŽƌ� ƉĞƌƐŽŶĂů� Žƌ� ĂĐĂĚĞŵŝĐ� ƵƐĞ�
ƉƌŽǀŝĚŝŶŐ�ĐƌĞĚŝƚ�ŝƐ�ŐŝǀĞŶ�ƚŽ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ĂŶĚ�ƚŽ�ƚŚĞ�ĂƵƚŚŽƌƐ͘�

dŚĞ��ĚŝƚŽƌ
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d � � ½ � � Ê ¥ � � Ê Ä ã � Ä ã Ý

/ Ä ¥ Ê Ù Ã � ã ® Ê Ä � ^ ù Ý ã � Ã Ý

ϭ͘� dĞŶĚĞŶĐŝĞƐ�ŝŶ��ĂƚĂ�tĂƌĞŚŽƵƐĞ�^ĐŽƉĞ��ĞǀĞůŽƉŵĞŶƚ�
�ůĂƟŶŬĂ�<ŽǀĂĐŚĞǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϭϭ

Ϯ͘� ZĞůĂƟŽŶĂů��ĂƚĂ�DŽĚĞů�ĂƐ��ǀŽůƵƟŽŶ
/ǀĂŶ�^ƚĂŶĞǀ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϮϮ

ϯ͘� �ĞƉĞŶĚĞŶĐŝĞƐ�ĂŶĚ�/ŶƚĞƌƌĞůĂƟŽŶƐ�ŽĨ��ŽƵƌƐĞƐ�ŝŶ�ĂŶ hŶĚĞƌŐƌĂĚƵĂƚĞ�
�ƵƌƌŝĐƵůƵŵ�ŝŶ�/ŶĨŽƌŵĂƟŽŶ�^ǇƐƚĞŵƐ�
WĂǀĞů�/͘�WĂǀůŽǀ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �Ϯϴ

ϰ͘� tĞďͲďĂƐĞĚ�^ǇƐƚĞŵ�ĨŽƌ�dĞĂŵǁŽƌŬ��ǀĂůƵĂƟŽŶ
ZĂĚŽƐůĂǀĂ�,ƌŝƐƚŽǀĂ͕�'ŽƌĂŶ�'ŽƌĂŶŽǀ͕��ůĞŶĂ�,ŝŶŽǀĂ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϴ

ϱ͘� ^ǇƐƚĞŵ��ŶĂůǇƐŝƐ�ŽĨ�/ŶĨŽƌŵĂƟŽŶ�^ǇƐƚĞŵƐ�ĨŽƌ�>ŽĐĂů��ĐŽŶŽŵŝĐ�
�ĞǀĞůŽƉŵĞŶƚ�DŽĚĞůŝŶŐ�ʹ��ĂƐĞ�^ƚƵĚǇ�ĨŽƌ�ƚŚĞ�ZĞŐŝŽŶ�WĞůĂŐŽŶŝĂ�ŝŶ�
Z͘�ŽĨ�DĂĐĞĚŽŶŝĂ�
^ŶĞǌĂŶĂ�^ĂǀŽƐŬĂ͕��ƌĂŶŬŽ��ŝŵĞƐŬŝ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϰϰ

ϲ͘� ���ŽŵƉĂƌŝƐŽŶ�ŽĨ��ŚĂŶŐĞ�DĂŶĂŐĞŵĞŶƚ�/ŵƉůĞŵĞŶƚĂƟŽŶ�ŝŶ�/d/>͕�
�DD/�ĂŶĚ�WƌŽũĞĐƚ�DĂŶĂŐĞŵĞŶƚ
<ĂůŝŶŬĂ�<ĂůŽǇĂŶŽǀĂ͕��ŵĂŶƵĞůĂ�DŝƚƌĞǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϱϱ

ϳ͘� DŽĚĞůŝŶŐ��ͲƐƉĞĐŝĮĐĂƟŽŶ�ŝŶ�hD>
^ŶĞǌĂŶĂ�^ĂǀŽƐŬĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϲϱ

ϴ͘� >ŽŐŝĐĂů��ĞƐŝŐŶ�ĨŽƌ��ŽŶĮŐƵƌĂƟŽŶ�DĂŶĂŐĞŵĞŶƚ��ĂƐĞĚ�ŽŶ�/d/>�
,ƌŝƐƚŽ�<ǇƵƌŬĐŚŝĞǀ͕�<ĂůŝŶŬĂ�<ĂůŽǇĂŶŽǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϳϵ

ϵ͘� �Ŷ�KǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞ�DŽŽĚůĞ�WůĂƞŽƌŵ
sůĂĚŝŵŝƌ��ŝŵŝƚƌŽǀ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϵϬ

ϭϬ͘� WůĂŶŶĞĚ�/ŵƉƌŽǀĞŵĞŶƚƐ�ĨŽƌ�������Ŝ�������Ŝ����
�ƚĂŶĂƐ�^ĞŵĞƌĚǌŚŝĞǀ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϵϰ

ϭϭ͘� �ŚŽŽƐŝŶŐ��ƉƉƌŽĂĐŚ�ĨŽƌ��ĂƚĂ�/ŶƚĞŐƌĂƟŽŶ�
,ƌŝƐƚŽ�,ƌŝƐƚŽǀ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϵϴ

ϭϮ͘� DŝŶŝŶŐ��ŝďůŝŽŐƌĂƉŚŝĐ��ĂƚĂ�
dƐǀĞƚĂŶŬĂ�'ĞŽƌŐŝĞǀĂͲdƌŝĨŽŶŽǀĂ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϭϰ



�

ϭϯ͘� �ƵŝůĚ�Ă�ŵŽĚĞů�ƚŽ�ƉƌĞĚŝĐƚ�ƚŚĞ�ƐƵĐĐĞƐƐ�ŽĨ�ƐƚƵĚĞŶƚƐ�ďǇ�ŚĞƌĞĚŝƚĂƌǇ�
ĂŶĚ�ƐŽĐŝĂů�ĨĂĐƚŽƌƐ�ƵƐŝŶŐ�ƚŚĞ�ƚŽŽů�ĨŽƌ�ĚĂƚĂ�ŵŝŶŝŶŐ�tĞŬĂ�
:ĂƐŵŝŶĂ�EĞĚĞůŬŽƐŬĂ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϭϮϱ

ϭϰ͘� /ŶŝƟĂů�ZĞƐƵůƚƐ�ŽĨ�Ă�WůĂŐŝĂƌŝƐŵ��ĞƚĞĐƟŽŶ�^ǇƐƚĞŵ�
�ƚĂŶĂƐ�^ĞŵĞƌĚǌŚŝĞǀ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϭϯϰ

ϭϱ͘� �Ŷ�KǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞĨĞŶƐĞ��ƌĐŚŝƚĞĐƚƵƌĞ�
&ƌĂŵĞǁŽƌŬ�;�Ž��&Ϳ�
sůĂĚŝŵŝƌ��ŝŵŝƚƌŽǀ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϭϯϵ

/ Ä ã � ½ ½ ® ¦ � Ä ã � ^ ù Ý ã � Ã Ý

ϭϲ͘� �ŝŐŝƚĂů�^ƉĂĐĞƐ�ŝŶ�͞WŽƉƵůĂƌ͟��ƵůƚƵƌĞ�KŶƚŽůŽŐŝǌĞĚ�
DşĐŚĞĄů�DĂĐ�ĂŶ��ŝƌĐŚŝŶŶŝŐŚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϰϱ

ϭϳ͘� �ƉƉůŝĐĂƟŽŶ�ŽĨ�ŬŶŽǁůĞĚŐĞ�ŵĂŶĂŐĞŵĞŶƚ�ŝŶĨŽƌŵĂƟŽŶ�ƐǇƐƚĞŵƐ��ŝŶ�
ĚŝŐŝƚĂů�ƌĞĚĂĐƟŽŶƐ�
�ůĞŶĂ�DŝĐĞƐŬĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϭϱϰ

ϭϴ͘� dŚĞ�EĂŢǀĞ�KŶƚŽůŽŐŝƐƚ�ĂŶĚ�͞/ŶƚĞůůŝŐĞŶƚ͟�^ƚŽƌǇ�dĞůůŝŶŐ�
DşĐŚĞĄů�DĂĐ�ĂŶ��ŝƌĐŚŝŶŶŝŐŚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϲϯ

ϭϵ͘� �ŶĂƚKD�ʹ��Ŷ�ŝŶƚĞůůŝŐĞŶƚ�ƐŽŌǁĂƌĞ�ƉƌŽŐƌĂŵ�ĨŽƌ�ƐĞŵŝͲĂƵƚŽŵĂƟĐ�
ŵĂƉƉŝŶŐ�ĂŶĚ�ŵĞƌŐŝŶŐ�ŽĨ�ĂŶĂƚŽŵǇ�ŽŶƚŽůŽŐŝĞƐ�
WĞƚĞƌ�WĞƚƌŽǀ͕�EŝŬŽůĂǇ�EĂƚĐŚĞǀ͕��ŝŵŝƚĂƌ�sĂƐƐŝůĞǀ͕�DŝůŬŽ�<ƌĂĐŚŽƵŶŽǀ͕�
DĂƌŝĂ�EŝƐŚĞǀĂ͕�KŐŶǇĂŶ�<ƵůĞǀ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϭϳϯ

ϮϬ͘� hƐĂŐĞ�ŽĨ��ͲůĞĂƌŶŝŶŐ�ĨŽƌ�/ŵƉƌŽǀŝŶŐ�ŽĨ�<ŶŽǁůĞĚŐĞ�DĂŶĂŐĞŵĞŶƚ�ŝŶ�
KƌŐĂŶŝǌĂƟŽŶƐ�
sĞƐŶĂ�DƵĨĂ͕�sŝŽůĞƚĂDĂŶĞǀƐŬĂ͕�EĂƚĂƐŚĂ �ůĂǌĞƐŬĂͲdĂďĂŬŽƐŬĂ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϴϴ

Ϯϭ͘� �^W͘E�dͲďĂƐĞĚ�dŽŽů�ĨŽƌ�^ĞĂƌĐŚŝŶŐ�ŝŶ�&ŽůŬůŽƌĞ�>ǇƌŝĐƐ�^ƚŽƌĞĚ�ŝŶ�yD>�&ŽƌŵĂƚ�
�ŝĐŚŽ�^ŚƵŬĞƌŽǀ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϭϵϲ

ϮϮ͘� /ŶŇƵĞŶĐĞ�ŽĨ��ŝīĞƌĞŶƚ�<ŶŽǁůĞĚŐĞ�DĂŶĂŐĞŵĞŶƚ�dĞĐŚŶŝƋƵĞƐ�ĂŶĚ�
dĞĐŚŶŽůŽŐǇ�ŽŶ�KƌŐĂŶŝǌĂƟŽŶ��īĞĐƟǀĞŶĞƐƐ�
EĂƚĂƐŚĂ��ůĂǌĞƐŬĂͲdĂďĂŬŽǀƐŬĂ͕�sŝŽůĞƚĂ�DĂŶĞǀƐŬĂ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϮϬϲ

Ϯϯ͘� /d��ƐƉĞĐƚƐ�ŽĨ�ƚŚĞ��ƉƉůŝĐĂƟŽŶ�ŽĨ�KŶƚŽůŽŐŝĞƐ�ŝŶ��ĐĂĚĞŵŝĐ��ŝŐŝƚĂů�>ŝďƌĂƌŝĞƐ�
�ĂŶŝĞůĂ�<ũƵƌĐŚŝĞǀƐŬĂ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �Ϯϭϯ

Ϯϰ͘� ��DĞƚŚŽĚ�ĨŽƌ��ĞĐŝƐŝŽŶ�DĂŬŝŶŐ�ŝŶ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ�ZĞƐĞĂƌĐŚ�
EĞůŝ�DĂŶĞǀĂ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �ϮϮϬ



�

� ® Ý ã Ù ® � ç ã � � � ^ ù Ý ã � Ã Ý

Ϯϱ͘� �ŝŐŝƚĂů�>ŝďƌĂƌŝĞƐ�ĂŶĚ��ůŽƵĚ��ŽŵƉƵƟŶŐ�
DĂƌŝĂ�D͘�EŝƐŚĞǀĂͲWĂǀůŽǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϯϭ

Ϯϲ͘� WĞƌĨŽƌŵĂŶĐĞ��ǀĂůƵĂƟŽŶ�ŽĨ�ƚŚĞ�^ĐŚĞŵĞƐ�ĨŽƌ��ǇŶĂŵŝĐ�
�ƌĂŶĐŚ�WƌĞĚŝĐƟŽŶ�ǁŝƚŚ���W^�^ŝŵƵůĂƚŽƌ�
DŝůĐŽ�WƌŝƐĂŐĂŶĞĐ͕�WĞĐĞ�DŝƚƌĞǀƐŬŝ͕�EŝŬŽůĂ�ZĞŶĚĞǀƐŬŝ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϮϰϬ

Ϯϳ͘� �ĂƚĂ��ŶĂůǇƐŝƐ�ĨŽƌ�EĞǆƚ�'ĞŶĞƌĂƟŽŶ�^ĞƋƵĞŶĐŝŶŐ�ʹ�WĂƌĂůůĞů��ŽŵƉƵƟŶŐ��ƉƉƌŽĂĐŚĞƐ�ŝŶ�
ĚĞ�EŽǀŽ��ƐƐĞŵďůǇ��ůŐŽƌŝƚŚŵƐ�
�ŝŵŝƚĂƌ�sĂƐƐŝůĞǀ͕ sĂůĞƌŝĂ�^ŝŵĞŽŶŽǀĂ͕�DŝůŬŽ�<ƌĂĐŚƵŶŽǀ͕��ůĞŶĂ�dŽĚŽƌŽǀƐŬĂ͕�DĂƌŝĂ�
EŝƐŚĞǀĂ͕KŐŶǇĂŶ�<ƵůĞǀ͕�
�ĞǇĂŶ�WĞǇĐŚĞǀ͕�WĞƚĞƌ�WĞƚƌŽǀ͕��ŝŵŝƚĂƌ�^ŚŝǇĂĐŚŬŝ͕�/ƌĞŶĂ��ǀĚũŝĞǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�Ϯϰϵ

Ϯϴ͘� ZĞƋƵŝƌĞŵĞŶƚƐ�ĨŽƌ��ůŽƵĚ�^ĞƌǀŝĐĞ��ŝƐĐŽǀĞƌǇ�^ǇƐƚĞŵƐ�
'ĞŽƌŐŝ�WĂƐŚŽǀ͕�<ĂůŝŶŬĂ�<ĂůŽǇĂŶŽǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϮϴϬ

Ϯϵ͘� DŽŶŝƚŽƌŝŶŐ�ŽĨ��ƵƐŝŶĞƐƐ�WƌŽĐĞƐƐĞƐ�ŝŶ�ƚŚĞ��'/�
ZĂĚŽƐůĂǀĂ�,ƌŝƐƚŽǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ �Ϯϵϰ

ϯϬ͘� �ŽŵƉƵƚĂƟŽŶĂů��ŚĂůůĞŶŐĞƐ�ŝŶ�Ă�DĞƚĂŐĞŶŽŵŝĐ�
�ĂƚĂ�WƌŽĐĞƐƐŝŶŐ�WŝƉĞůŝŶĞ�
DŝůŬŽ�<ƌĂĐŚƵŶŽǀ͕��ŝŵŝƚĂƌ�sĂƐƐŝůĞǀ͕�/ǀĂŶ�WŽƉŽǀ͕�WĞƚĞƌ�WĞƚƌŽǀ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϬϮ

ϯϭ͘� ^ŝŵƵůĂƟŽŶ�ŽĨ�ƚŚĞ��ĞŚĂǀŝŽƌ�ŽĨ�Ă�WƵƌĞ�/ŵƉĞƌĂƟǀĞ�^ǇŶĐŚƌŽŶŽƵƐ�
WƌŽŐƌĂŵŵŝŶŐ�>ĂŶŐƵĂŐĞ�ďǇ�DĞĂŶƐ�ŽĨ�'ĞŶĞƌĂůŝǌĞĚ�EĞƚƐ�
ǁŝƚŚ�^ƚŽƉͲ�ŽŶĚŝƟŽŶƐ�
DĂŐĚĂůŝŶĂ�s͘�dŽĚŽƌŽǀĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�ϯϭϮ
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7HQGHQFLHV�LQ�'DWD�:DUHKRXVH�6FRSH�'HYHORSPHQW

=ODWLQND�.RYDFKHYD�

+LJKHU�&ROOHJH�RI�7HOHFRPPXQLFDWLRQV�DQG�3RVW��6R¿D��%XOJDULD
+LJKHU�&ROOHJH�RI�7HFKQRORJ\��0XVFDW��2PDQ�

]NRYDFKHYD#KRWPDLO�FRP

$EVWUDFW��$� GDWD�ZDUHKRXVH� LV� D� UHSRVLWRU\� RI� DQ� RUJDQL]DWLRQ¶V� � HOHFWURQLFDOO\�
VWRUHG� GDWD�� � 'DWD� � ZDUHKRXVHV� � DUH� GHVLJQHG� � WR� IDFLOLWDWH� � UHSRUWLQJ� � DQG�
DQDO\VLV�� �7KH�'DWD�:DUHKRXVH��HQYLURQPHQW� �SRVLWLRQV�D�EXVLQHVV� � WR� �XWLOL]H�DQ�
HQWHUSULVH�ZLGH� GDWD� VWRUH� WR� OLQN� LQIRUPDWLRQ� IURP� GLYHUVH� VRXUFHV� � DQG� PDNH�
WKH�LQIRUPDWLRQ�DFFHVVLEOH��IRU��D�YDULHW\�RI�XVHU�SXUSRVHV��PRVW�QRWDEO\��VWUDWHJLF�
DQDO\VLV�� 'DWD� :DUHKRXVLQJ� UHTXLUHV� ERWK� EXVLQHVV� DQG� � WHFKQLFDO� H[SHUWLVH�
DQG� LQYROYHV� PDQ\� DFWLYLWLHV�� ,Q� WKH� EHJLQQLQJ� LW� LV� QHFHVVDU\� WR� LGHQWLI\� WKH�
EXVLQHVV� LQIRUPDWLRQ� DQG� � WR� SULRULWL]H� VXEMHFW� DUHDV� WR� EH� LQFOXGHG� LQ� WKH�'DWD�
:DUHKRXVH���7KLV�SDSHU�FRQFHUQV�WKH�PDQDJHPHQW�RI��WKH��VFRSH�RI��'DWD:DUHKRXVH�

.H\ZRUGV�� GDWD� ZDUHKRXVH�� GDWD� PDUW�� VFRSH�� JDWKHULQJ� GDWD�� RSHUDWLRQDO� GDWD��
¿OWHULQJ��VXEMHFW�RULHQWDWLRQ

���,QWURGXFWLRQ

'DWD�ZDUHKRXVLQJ�EHJDQ� LQ� WKH�����V� DV� D� UHVSRQVH� WR�JDWKHU� WKH� LQIRUPDWLRQ�
SURYLGHG�E\�WKH�PDQ\�DSSOLFDWLRQ�V\VWHPV�WKDW�ZHUH�EHLQJ�EXLOW��2QOLQH�DSSOLFDWLRQV�
VHUYHG�WKH�QHHGV�RI�D�OLPLWHG�FRPPXQLW\�RI�XVHUV��DQG�WKH\�ZHUH�UDUHO\�LQWHJUDWHG�
ZLWK�HDFK�RWKHU��$GGLWLRQDOO\��RQOLQH�DSSOLFDWLRQV�KDG�QR�DSSUHFLDEOH�DPRXQW�RI�
KLVWRULFDO�GDWD�EHFDXVH�WKH\�MHWWLVRQHG�WKHLU�KLVWRULFDO�GDWD�DV�TXLFNO\�DV�SRVVLEOH�
LQ�WKH�QDPH�RI�KLJK�SHUIRUPDQFH��7KXV��FRUSRUDWLRQV�KDG�ORWV�RI�GDWD�DQG�YHU\�
OLWWOH�LQIRUPDWLRQ��'DWD�ZDUHKRXVLQJ�EHJDQ�DV�D�ZD\�WR�UHGXFH�XVHUV¶�IUXVWUDWLRQ�
ZLWK�WKHLU�LQDELOLW\�WR�JHW�LQWHJUDWHG��UHOLDEOH��DFFHVVLEOH�GDWD�

8VXDOO\� 'DWD� ZDUHKRXVH� LV� GH¿QHG� DV� D� FROOHFWLRQ� RI� GDWD� WKDW� LV� VXEMHFW�
RULHQWHG��LQWHJUDWHG�DQG�WLPH�YDULDQW�IRU�WKH�SXUSRVH�RI�PDQDJHPHQW¶V�GHFLVLRQ�
SURFHVVHV�>���@��6LQFH�WKH�����V��GDWD�ZDUHKRXVLQJ�KDV�JRQH�IURP�EHLQJ�D�FRQFHSW�
WKDW�ZDV�GHULGHG�E\�WKH�GDWDEDVH�WKHRUHWLFLDQV�WR�FRQYHQWLRQDO�ZLVGRP��2QFH�WKH�
LGHD�RI�WKH�GDWD�ZDUHKRXVH�EHFDPH�SRSXODU��YHQGRUV�DQG�FRQVXOWDQWV�ODWFKHG�RQWR�
WKH�FRQFHSW�DV�D�JRRG�ZD\� WR�VHOO� WKHLU�SURGXFWV���$V�D� UHVXOW�� WKHUH�ZDV�PXFK�
FRQIXVLRQ�RYHU�ZKDW�ZDV�DQG�ZDV�QRW�D�GDWD�ZDUHKRXVH��1RZDGD\V��SHRSOH�EXLOW�
GLIIHUHQW�PDQLIHVWDWLRQV� RI� GDWD�ZDUHKRXVHV�ZKLFK� IXO¿OOHG� D� UHDO� QHHG� LQ� WKH�
PDUNHWSODFH�

7KH� GDWD� LQ� WKH� :DUHKRXVH� FRPHV� IURP� WKH� RSHUDWLRQDO� HQYLURQPHQW� DQG�
H[WHUQDO� VRXUFHV�� 'DWD�:DUHKRXVHV� DUH� SK\VLFDOO\� VHSDUDWHG� IURP� RSHUDWLRQDO�
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V\VWHPV��HYHQ� WKRXJK� WKH�RSHUDWLRQDO�V\VWHPV�IHHG� WKH�:DUHKRXVH�ZLWK�VRXUFH�
GDWD��$OO�GDWD�LQ�WKH�GDWD�ZDUHKRXVH�LV�LGHQWL¿HG�ZLWK�D�SDUWLFXODU�WLPH�SHULRG�

$�GDWD�ZDUHKRXVH�ZDV�WKH�¿UVW�DWWHPSW�DW�DUFKLWHFWXUH�WKDW�PRVW�RUJDQL]DWLRQV�
KDG� HYHU� HQFRXQWHUHG�� 3ULRU� WR� GDWD�ZDUHKRXVLQJ�� HYHU\WKLQJ� KDG� EHHQ� D� QHZ�
DSSOLFDWLRQ��KRZHYHU��LW�EHFDPH�DSSDUHQW�WKDW�DSSOLFDWLRQV�ZHUH�QRW�JRLQJ�WR�JHW�
WKH�RUJDQL]DWLRQ�ZKHUH�LW�QHHGHG�WR�JR�RYHU�WLPH��7KH�VROXWLRQ�ZDV�WR�EXLOG�DQ�
DUFKLWHFWXUH�RU�DW�OHDVW�WKH�¿UVW�ÀHGJOLQJ�VWHSV�RI�DQ�DUFKLWHFWXUH�

'DWD�:DUHKRXVH� DSSOLFDWLRQV� DUH� GHVLJQHG� SULPDULO\� WR� VXSSRUW� H[HFXWLYHV��
VHQLRU�PDQDJHUV��DQG�EXVLQHVV�DQDO\VWV� LQ�PDNLQJ�FRPSOH[�EXVLQHVV�GHFLVLRQV��
'DWD�:DUHKRXVH� DSSOLFDWLRQV� SURYLGH� WKH� EXVLQHVV� FRPPXQLW\� ZLWK� DFFHVV� WR�
DFFXUDWH�� FRQVROLGDWHG� LQIRUPDWLRQ� IURP� YDULRXV� LQWHUQDO� DQG� H[WHUQDO� VRXUFHV�
>��@�

7KH�'DWD�:DUHKRXVH�SURFHVV�JXLGHV�WKH�GHYHORSPHQW�WHDP�WKURXJK�LGHQWLI\LQJ�
WKH�EXVLQHVV�UHTXLUHPHQWV��GHYHORSLQJ�WKH�EXVLQHVV�SODQ�DQG�:DUHKRXVH�VROXWLRQ�
WR� EXVLQHVV� UHTXLUHPHQWV�� DQG� LPSOHPHQWLQJ� WKH� FRQ¿JXUDWLRQ�� WHFKQLFDO� � DQG�
DSSOLFDWLRQ� DUFKLWHFWXUH� IRU� WKH� RYHUDOO� 'DWD�:DUHKRXVH�� ,W� WKHQ� VSHFL¿HV� WKH�
LWHUDWLYH�DFWLYLWLHV�IRU�WKH�F\FOLFDO�SODQQLQJ��GHVLJQ��FRQVWUXFWLRQ��DQG�GHSOR\PHQW�
RI�HDFK�SURMHFW�>�@��

2QH�RI�WKH�¿UVW�VWDJHV�RI�WKLV�SURFHVV�LV�WKH�HVWDEOLVKPHQW�RI�WKH�VFRSH�RI�WKH�
:DUHKRXVH�DQG�LWV�LQWHQGHG�XVH��7R�SDUDSKUDVH�GDWD�ZDUHKRXVLQJ�DXWKRU�:��+��
,QPRQ�>���@��WUDGLWLRQDO�SURMHFWV�VWDUW�ZLWK�UHTXLUHPHQWV�DQG�HQG�ZLWK�GDWD��'DWD�
ZDUHKRXVLQJ�SURMHFWV�VWDUW�ZLWK�GDWD�DQG�HQG�ZLWK�UHTXLUHPHQWV��2QFH�ZDUHKRXVH�
XVHUV�VHH�ZKDW�WKH\�FDQ�GR�ZLWK�WKH�WHFKQRORJ\��WKH\�ZLOO�ZDQW�PXFK�PRUH��7KDW¶V�
ZK\�WKH�'DWD�:DUHKRXVH�VFRSH�GHYHORSPHQW�LV�D�QHYHU�HQGLQJ�SURFHVV��

� 5HTXLUHPHQWV�*DWKHULQJ

��� 6RXUFH�'ULYHQ�5HTXLUHPHQWV�*DWKHULQJ

6RXUFH�GULYHQ� UHTXLUHPHQWV� JDWKHULQJ� LV� D� PHWKRG� EDVHG� RQ� GH¿QLQJ� WKH�
UHTXLUHPHQWV�E\�XVLQJ� WKH�VRXUFH�GDWD� LQ�SURGXFWLRQ�RSHUDWLRQDO�V\VWHPV��7KLV�
LV�GRQH�E\�DQDO\]LQJ�DQ�(5�PRGHO�RI�VRXUFH�GDWD�LI�RQH�LV�DYDLODEOH�RU�WKH�DFWXDO�
SK\VLFDO�UHFRUG�OD\RXWV�DQG�VHOHFWLQJ�GDWD�HOHPHQWV�GHHPHG�WR�EH�RI�LQWHUHVW��7KH�
PDMRU�DGYDQWDJH�RI�WKLV�DSSURDFK�LV�WKDW�LW�LV�NQRZQ�IURP�WKH�EHJLQQLQJ�ZKDW�GDWD�
FDQ�EH�VXSSOLHG�EHFDXVH�LW�GHSHQGV�RQ�WKH�DYDLODELOLW\��$QRWKHU�EHQH¿W�LV�WKDW�LW�
PLQLPL]HV� WKH� WLPH�UHTXLUHG�E\� WKH�XVHUV� LQ� WKH�HDUO\�VWDJHV�RI� WKH�SURMHFW��2I�
FRXUVH��E\�PLQLPL]LQJ�XVHU�LQYROYHPHQW��WKH�ULVN�RI�SURGXFLQJ�DQ�LQFRUUHFW�VHW�
RI�UHTXLUHPHQWV�LV�LQFUHDVHG��'HSHQGLQJ�RQ�WKH�YROXPH�RI�VRXUFH�GDWD��DQG�WKH�
DYDLODELOLW\�RI�(5�PRGHOV�IRU�LW��WKLV�FDQ�DOVR�EH�D�YHU\�WLPH�FRQVXPLQJ�DSSURDFK��
3HUKDSV�� VRPH�RI� WKH� XVHU¶V� NH\� UHTXLUHPHQWV�PD\�QHHG�GDWD� WKDW� LV� FXUUHQWO\�
XQDYDLODEOH��:LWKRXW�WKH�RSSRUWXQLW\�WR�LGHQWLI\�VXFK�UHTXLUHPHQWV�� WKHUH�LV�QR�
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FKDQFH� WR� LQYHVWLJDWH�ZKDW� LV� LQYROYHG� LQ�REWDLQLQJ�H[WHUQDO�GDWD� IURP�RXWVLGH�
WKH�RUJDQL]DWLRQ��(YHQ�VR��H[WHUQDO�GDWD�FDQ�RIWHQ�EH�RI�VLJQL¿FDQW�YDOXH�WR�WKH�
EXVLQHVV�XVHUV�>�@�

$�FRPSDULVRQ�EHWZHHQ�RSHUDWLRQDO�GDWD�DQG�'DWD�:DUHKRXVH�GDWD�LV�JLYHQ�RQ�
7DEOH��>���@�

7DEOH����2SHUDWLRQDO�YV��'DWD�:DUHKRXVH�GDWD
0DLQ�FKDUDFWHULVWLFV 2SHUDWLRQDO�GDWD 'DWD�:DUHKRXVH�GDWD
7\SH� &XUUHQW��WUDQVLHQW +LVWRULFDO��SHULRGLF
)RUP 5DZ�� GHWDLOHG�� QRW�

QRUPDOL]HG
6XPPDUL]HG��QRUPDOL]HG

4XDOLW\ ,QFRQVLVWHQFLHV�DQG�HUURUV�DUH�
LQFOXGHG

4XDOLW\� FRQWUROOHG� ±� DFFXUDWH�
ZLWK�IXOO��LQWHJULW\

6FRSH 5HVWULFWHG &RPSUHKHQVLYH
$FFHVV 6SHFLDOL]HG )OH[LEOH
8SGDWH 0DQ\�XSGDWHV� 3HULRGLF�XSGDWHV
8VDJH 5XQ�WKH�EXVLQHVV�RQ�D�FXUUHQW�

EDVLV
6XSSRUW� PDQDJHULDO� GHFLVLRQ�
PDNLQJ

$OWKRXJK�VLPLODU�LQ�QDWXUH�WR�PRGHOLQJ�DQG�GHVLJQ�LQ�WKH�RSHUDWLRQDO�ZRUOG��
WKH�DFWXDO�VWHSV�LQ�GDWD�ZDUHKRXVLQJ�DUH�GLIIHUHQW��2SHUDWLRQDO�PRGHOV�DUH�W\SLFDOO\�
(5�PRGHOV�DQG�WKH�GDWD�ZDUHKRXVLQJ�PRGHOV�DUH�GLPHQVLRQDO�PRGHOV���7KH�GDWD�
ZDUHKRXVH�PRGHO�ORRNV�PRUH�SK\VLFDO�LQ�QDWXUH�WKDQ�D�PRGHO�RI�DQ�RSHUDWLRQDO�
V\VWHP��3UREDEO\�WKH�IHDWXUH�WKDW�PRVW�GLIIHUHQWLDWHV�WKH�GDWD�ZDUHKRXVH�PRGHO�
IURP� WKH� ORJLFDO� RSHUDWLRQDO�PRGHO� LV� WKH� GHQRUPDOL]DWLRQ� RI� WKH� GLPHQVLRQV��
7KH\�KDYH�WR�EH�RUJDQL]HG�IRU�WKH�SXUSRVHV�RI�PDQDJHPHQW�DQG�VXLWDEOH�IRU�WKH�
HQG�XVHUV�SRLQWV�RI�YLHZ�WR�WKH�EXVLQHVV�GDWD�

7KH� UHVXOW� RI� WKH� VRXUFH�GULYHQ� DSSURDFK� LV� WR�SURYLGH� WKH�XVHU�ZLWK�ZKDW�
LV� DYDLODEOH�� 5HODWLYH� WR� GLPHQVLRQDO� PRGHOLQJ�� LW� FDQ� EH� XVHG� WR� GULYH� RXW� D�
IDLUO\�FRPSUHKHQVLYH�OLVW�RI�WKH�PDMRU�GLPHQVLRQV�RI�LQWHUHVW�WR�WKH�RUJDQL]DWLRQ��
7KLV�FRXOG�PLQLPL]H�WKH�SUROLIHUDWLRQ�RI�GXSOLFDWH�GLPHQVLRQV�DFURVV�VHSDUDWHO\�
GHYHORSHG�GDWD�PDUWV��$OVR��DQDO\]LQJ�UHODWLRQVKLSV�LQ�WKH�VRXUFH�GDWD�FDQ�LGHQWLI\�
DUHDV�RQ�ZKLFK�WR�IRFXV�\RXU�GDWD�ZDUHKRXVH�GHYHORSPHQW�HIIRUWV���

����8VHU�'ULYHQ�5HTXLUHPHQWV�*DWKHULQJ

8VHU�GULYHQ�UHTXLUHPHQWV�JDWKHULQJ�LV�D�PHWKRG�EDVHG�RQ�GH¿QLQJ�WKH�UHTXLUHPHQWV�
E\� LQYHVWLJDWLQJ� WKH� IXQFWLRQV� WKH�XVHUV�SHUIRUP��7KLV� LV�XVXDOO\�GRQH� WKURXJK�
D�VHULHV�RI�PHHWLQJV�DQG�RU� LQWHUYLHZV�ZLWK�XVHUV��7KH�PDMRU�DGYDQWDJH�WR� WKLV�
DSSURDFK� LV� WKDW� WKH� IRFXV� LV�RQ�SURYLGLQJ�ZKDW� LV�QHHGHG�� UDWKHU� WKDQ�ZKDW� LV�
DYDLODEOH��,Q�JHQHUDO�� WKLV�DSSURDFK�KDV�D�VPDOOHU�VFRSH�WKDQ�WKH�VRXUFH�GULYHQ�
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DSSURDFK��7KHUHIRUH��LW�JHQHUDOO\�SURGXFHV�D�XVHIXO�GDWD�ZDUHKRXVH�LQ�D�VKRUWHU�
WLPH��7KH�XVHUV�PXVW�FOHDUO\�XQGHUVWDQG�WKDW�LW�LV�SRVVLEOH�WKDW�VRPH�RI�WKH�GDWD�
WKH\�QHHG�FDQ�VLPSO\�QRW�EH�PDGH�DYDLODEOH��,I�D�XVHU�LV�WRR�WLJKWO\�IRFXVHG��LW�LV�
SRVVLEOH�WR�PLVV�XVHIXO�GDWD�WKDW�LV�DYDLODEOH�LQ�WKH�SURGXFWLRQ�V\VWHPV�>�@�

8VHU�GULYHQ� UHTXLUHPHQWV� JDWKHULQJ� LV� WKH� DSSURDFK� RI� FKRLFH�� HVSHFLDOO\�
ZKHQ�GHYHORSLQJ�GDWD�PDUWV��)RU�D�IXOO�VFDOH�GDWD�ZDUHKRXVH��ERWK�PHWKRGV�DUH�
DSSOLFDEOH��,W�ZRXOG�EH�ZRUWKZKLOH�WR�XVH�WKH�VRXUFH�GULYHQ�DSSURDFK�WR�EUHDN�WKH�
SURMHFW�LQWR�PDQDJHDEOH�SLHFHV��ZKLFK�PD\�EH�GH¿QHG�DV�VXEMHFW�DUHDV��7KH�XVHU�
GULYHQ�DSSURDFK�FRXOG�WKHQ�EH�XVHG�WR�JDWKHU�WKH�UHTXLUHPHQWV�IRU�HDFK�VXEMHFW�
DUHD�

��� 5HTXLUHPHQWV�*DWKHULQJ�3UREOHPV�

8VXDOO\�DURXQG�����RI� WKH� WLPH�EXLOGLQJ�D�GDWD�ZDUHKRXVH�KDV�EHHQ�VSHQW�RQ�
H[WUDFWLQJ��FOHDQLQJ�DQG�ORDGLQJ�GDWD�>��@��$�ORW�RI�SUREOHPV�DSSHDU�GXULQJ�WKH�
SURFHVV�RI�UHTXLUHPHQWV�JDWKHULQJ��

6RPH�SUREOHPV�FRPH�IURP�2/73��2Q�OLQH�WUDQVDFWLRQ�SURFHVVLQJ��V\VWHPV��
6RPH�RI� WKHLU� HUURUV� FDQ�EH�¿[HG� LQ� WKH�'DWD�:DUHKRXVH��6RPHWLPHV� WKH�GDWD�
LQ�2/73�V\VWHPV�DUH�QRW�YDOLGDWHG��7\SLFDOO\�RQFH�GDWD�DUH�LQ�ZDUHKRXVH�PDQ\�
LQFRQVLVWHQFLHV� DUH� IRXQG�ZLWK� ¿HOGV� FRQWDLQLQJ� µGHVFULSWLYH¶� LQIRUPDWLRQ�� )RU�
H[DPSOH��PDQ\�WLPHV�QR�FRQWUROV�DUH�SXW�RQ�FXVWRPHU�QDPHV��7KLV� LV�JRLQJ� WR�
FDXVH�SUREOHPV�IRU�D�ZDUHKRXVH�XVHU�ZKR�H[SHFWV�WR�SHUIRUP�DQ�DG�KRF�TXHU\�
VHOHFWLQJ�RQ�FXVWRPHU�QDPH��7KH�ZDUHKRXVH�GHYHORSHU��DJDLQ��PD\�KDYH�WR�PRGLI\�
WKH� WUDQVDFWLRQ� SURFHVVLQJ� V\VWHPV� RU� GHYHORS� �RU� EX\�� VRPH� GDWD� VFUXEELQJ�
WHFKQRORJ\�

8VXDOO\�2/73�V\VWHPV�DUH�EXLOW�E\�GLIIHUHQW�VRIWZDUH�WRROV�DQG�WKH�SUREOHP�
RI�FRPSDUDELOLW\�DSSHDUV��,Q�HYHU\�ELJ�FRPSDQ\�WKHUH�DUH�PDQ\�2/73�V\VWHPV�
IRU�WKH�SXUSRVHV�RI�GLIIHUHQW�DFWLYLWLHV��H�J��¿QDQFLDO��ELOOLQJ��PDUNHWLQJ��KXPDQ�
UHFRXUVHV�DQG�RWKHU�V\VWHPV��7KH\�DUH�GHYHORSHG�E\�GLIIHUHQW�GHSDUWPHQWV�RI�WKH�
FRPSDQ\�� XVLQJ� GLIIHUHQW� VRIWZDUH� HQYLURQPHQWV� DQG� YHU\� RIWHQ� WKH\� SURGXFH�
FRQWUDGLFWLRQV��7KH�SURFHVV�RI� XSORDGLQJ� WKH�GDWD� IURP� WKHVH� V\VWHPV� LQWR� WKH�
GDWD�ZDUHKRXVH�KDV�WR�VROYH�VXFK�FRQÀLFWV��

$�YHU\�FRPPRQ�SUREOHP�LV�WR�¿QG�WKH�QHHG�WR�VWRUH�GDWD�WKDW�DUH�QRW�NHSW�LQ�
DQ\�WUDQVDFWLRQ�SURFHVVLQJ�V\VWHP��)RU�H[DPSOH��ZKHQ�EXLOGLQJ�VDOHV�UHSRUWLQJ�
GDWD� ZDUHKRXVHV�� WKHUH� LV� RIWHQ� D� QHHG� WR� LQFOXGH� LQIRUPDWLRQ� RQ� RII±LQYRLFH�
DGMXVWPHQWV�QRW�UHFRUGHG�LQ�DQ�RUGHU�HQWU\�V\VWHP��,Q�WKLV�FDVH�WKH�GDWD�ZDUHKRXVH�
GHYHORSHU�IDFHV�WKH�SRVVLELOLW\�RI�PRGLI\LQJ�WKH�WUDQVDFWLRQ�SURFHVVLQJ�V\VWHP�RU�
EXLOGLQJ�D�V\VWHP�GHGLFDWHG�WR�FDSWXULQJ�WKH�PLVVLQJ�LQIRUPDWLRQ�>��@�

$QRWKHU� SUREOHP� LV� VR� FDOOHG� µJUDQXODULW\¶� SUREOHP�� 6RPH� WUDQVDFWLRQ�
SURFHVVLQJ� V\VWHPV� GRQ¶W� FRQWDLQ� GHWDLOV�� 7KLV� SUREOHP� LV� RIWHQ� HQFRXQWHUHG�
LQ� FXVWRPHU� RU� SURGXFW� RULHQWHG� ZDUHKRXVLQJ� V\VWHPV�� 2IWHQ� LW� LV� IRXQG� WKDW�



��

D� V\VWHP�ZKLFK�FRQWDLQV� LQIRUPDWLRQ� WKDW� WKH�GHVLJQHU�ZRXOG� OLNH� WR� IHHG� LQWR�
WKH�ZDUHKRXVLQJ� V\VWHP�GRHV� QRW� FRQWDLQ� LQIRUPDWLRQ� GRZQ� WR� WKH� SURGXFW� RU�
FXVWRPHU�OHYHO�

,Q�DGGLWLRQ�WR�XQGHUVWDQGLQJ�WKH�IHHGHU�V\VWHP�GDWD��LW�FDQ�EH�DGYDQWDJHRXV�WR�
EXLOG�VRPH�RI�WKH�³FOHDQLQJ´�ORJLF�RQ�WKH�IHHGHU�V\VWHP�SODWIRUP�LI�WKDW�SODWIRUP�
LV�D�PDLQIUDPH��2IWHQ�FOHDQLQJ�LQYROYHV�D�JUHDW�GHDO�RI�VRUW�PHUJLQJ�±�WDVNV�DW�
ZKLFK�PDLQIUDPH�XWLOLWLHV�RIWHQ�H[FHO��$OVR��LW�LV�SRVVLEOH�WR�EXLOG�DJJUHJDWHV�RQ�
WKH�PDLQIUDPH�EHFDXVH�DJJUHJDWLRQ�DOVR�LQYROYHV�VXEVWDQWLDO�VRUWLQJ��

9HU\�RIWHQ��WKH�HQG�XVHUV�LQFUHDVH�WKHLU�UHTXLUHPHQWV�ZKHQ�WKH\�VWDUWHG�WR�XVH�
WKH�GDWD�ZDUHKRXVH�DQG�UHDOL]H�LWV�UHDO�DGYDQWDJHV��,W�FRPHV�DERXW�EHFDXVH�WKH�
TXHU\�DQG�UHSRUW�WRROV�DOORZ�WKH�XVHU�WKH�XVHUV�WR�JDLQ�D�PXFK�EHWWHU�DSSUHFLDWLRQ�
RI�ZKDW�WHFKQRORJ\�FRXOG�GR��

0DQ\�ZDUHKRXVH�XVHUV�GH¿QH�FRQÀLFWLQJ�EXVLQHVV�UXOHV�RU�WKH\�GRQ¶W�NQRZ�
KRZ�WR�XVH�WKH�GDWD�HYHQ�LI�WKH\�SDVVHG�WUDLQLQJ�FRXUVHV��7KDW¶V�ZK\�SHULRGLFDOO\�
WUDLQLQJ�RI�WKH�XVHUV�LV�UHTXLUHG��WR�SURYLGH�D�FRQWHPSRUDU\�YLHZ�WR�WKH�LQIRUPDWLRQ�
RI�WKH�XSGDWHG�GDWD�ZDUHKRXVH�

/DUJH�VFDOH�GDWD�ZDUHKRXVLQJ�FDQ�EHFRPH�DQ�H[HUFLVH�LQ�GDWD�KRPRJHQL]LQJ��
$�SRSXODU�ZD\�WR�GHVLJQ�D�GHFLVLRQ�VXSSRUW�UHODWLRQDO�GDWDEDVHV�LV�ZLWK�VWDU�RU�
VQRZÀDNH� VFKHPDV��3HUVRQV� WDNLQJ� WKLV� DSSURDFK�XVXDOO\� DOVR�EXLOG� DJJUHJDWH�
IDFW� WDEOHV�� ,I� WKHUH� DUH�PDQ\� GLPHQVLRQV� WR� WKH� GDWD�� WKH� FRPELQDWLRQ� RI� WKH�
DJJUHJDWH�WDEOHV�DQG�LQGH[HV�WR�WKH�IDFW�WDEOHV�DQG�DJJUHJDWH�IDFW�WDEOHV�FDQ�XVH�
PDQ\�WLPHV�PRUH�VSDFH�WKDQ�WKH�UDZ�GDWD��,I�PXOWLGLPHQVLRQDO�GDWDEDVHV�DUH�XVHG��
FHUWDLQ�SURGXFWV�SUH±FDOFXODWH�DQG�VWRUH�VXPPDUL]HG�GDWD��$V�ZLWK�VWDU�VQRZÀDNH�
VFKHPDV��VWRUDJH�RI� WKLV�FDOFXODWHG�GDWD�FDQ�XVH�IDU�PRUH�VWRUDJH� WKDQ�WKH�UDZ�
GDWD�

6HFXULW\�SUREOHPV�DUH�DOVR�YHU\�LPSRUWDQW��HVSHFLDOO\�LI�WKH�GDWD�ZDUHKRXVH�
LV�:HE�DFFHVVLEOH��7KH�LQIRUPDWLRQ�RI�WKH�GDWD�ZDUHKRXVH�FDQ�EH�XSORDGHG�DQG�
GRZQORDGHG� E\�PDQ\� DXWKRUL]HG� XVHUV� IRU� GLIIHUHQW� SXUSRVHV��7KDW¶V�ZK\� WKH�
DFFHVV� WR� WKH� GDWD� VKRXOG� EH�PDQDJHG� SURSHUO\� DQG� WKH� GDWD� RQ� HDFK� OHYHO� RI�
VXPPDUL]DWLRQ�VKRXOG�EH�ZHOO�SURWHFWHG�

5HRUJDQL]DWLRQV��SURGXFW�LQWURGXFWLRQV��QHZ�SULFLQJ�VFKHPHV��QHZ�FXVWRPHUV��
FKDQJHV� LQ� SURGXFWLRQ� V\VWHPV�� HWF�� DUH� JRLQJ� WR� DIIHFW� WKH�ZDUHKRXVH�� ,I� WKH�
ZDUHKRXVH�LV�JRLQJ�WR�VWD\�XS�WR�GDWH��FKDQJHV�WR�WKH�ZDUHKRXVH�KDYH�WR�EH�PDGH�
IDVW��&XVWRPHU�PDQDJHPHQW�LVVXHV�UHTXLUH�D�SURSHU�PDLQWHQDQFH�RI�WKH�GDWD��

���'DWD�:DUHKRXVH�6FRSH�(VWDEOLVKPHQW�DV�D�6WDJH�RI�WKH�'DWD�
:DUHKRXVH�3URFHVV�

7KH�'DWD�:DUHKRXVH�SURFHVV�LV�FRQGXFWHG�LQ�DQ�LWHUDWLYH�IDVKLRQ�DIWHU�WKH�LQLWLDO�
EXVLQHVV�UHTXLUHPHQWV�DQG�DUFKLWHFWXUDO� IRXQGDWLRQV�KDYH�EHHQ�GHYHORSHG�ZLWK�
WKH� HPSKDVLV� RQ� SRSXODWLQJ� WKH� 'DWD�:DUHKRXVH� ZLWK� IXQFWLRQDO� VXEMHFW�DUHD�



��

LQIRUPDWLRQ�LQ�HDFK�LWHUDWLRQ��7KH�SURFHVV�JXLGHV�WKH�GHYHORSPHQW�WHDP�WKURXJK�
LGHQWLI\LQJ�WKH�EXVLQHVV�UHTXLUHPHQWV��GHYHORSLQJ�WKH�EXVLQHVV�SODQ�DQG�:DUHKRXVH�
VROXWLRQ�WR�EXVLQHVV�UHTXLUHPHQWV��DQG�LPSOHPHQWLQJ�WKH�FRQ¿JXUDWLRQ��WHFKQLFDO��
DQG�DSSOLFDWLRQ�DUFKLWHFWXUH�IRU�WKH�RYHUDOO�'DWD�:DUHKRXVH��,W�WKHQ�VSHFL¿HV�WKH�
LWHUDWLYH�DFWLYLWLHV�IRU�WKH�F\FOLFDO�SODQQLQJ��GHVLJQ��FRQVWUXFWLRQ��DQG�GHSOR\PHQW�
RI�HDFK�SRSXODWLRQ�SURMHFW��

7KH�PRVW�LPSRUWDQW�VWUDWHJLF�LQLWLDWLYH�LV�DQDO\]HG�WR�GHWHUPLQH�WKH�VSHFL¿F�
EXVLQHVV�TXHVWLRQV�WKDW�QHHG�WR�EH�DQVZHUHG�WKURXJK�D�:DUHKRXVH�LPSOHPHQWDWLRQ��
(DFK� EXVLQHVV� TXHVWLRQ� LV� DVVHVVHG� WR� GHWHUPLQH� LWV� RYHUDOO� LPSRUWDQFH� WR� WKH�
RUJDQL]DWLRQ��DQG�D�KLJK�OHYHO�DQDO\VLV�RI�WKH�GDWD�QHHGHG�WR�SURYLGH�WKH�DQVZHUV�
LV�XQGHUWDNHQ��$�EXVLQHVV�TXHVWLRQ�FDQ�EH�DQVZHUHG�WKURXJK�REMHFWLYH�DQDO\VLV�RI�
WKH�GDWD�WKDW�LV�DYDLODEOH��7KH�GDWD�LV�DVVHVVHG�IRU�TXDOLW\��DYDLODELOLW\��DQG�FRVW�
DVVRFLDWHG�ZLWK�EULQJLQJ�LW�LQWR�WKH�'DWD�:DUHKRXVH��7KH�EXVLQHVV�TXHVWLRQV�DUH�
WKHQ�UHYLVLWHG�DQG�SULRULWL]HG�EDVHG�XSRQ�WKHLU�UHODWLYH�LPSRUWDQFH�DQG�WKH�FRVW�
DQG�IHDVLELOLW\�RI�DFTXLULQJ�WKH�DVVRFLDWHG�GDWD��7KH�SULRULWL]HG�OLVW�RI�EXVLQHVV�
TXHVWLRQV� LV� XVHG� WR�GHWHUPLQH� WKH� VFRSH�RI� WKH�¿UVW� DQG� VXEVHTXHQW� LWHUDWLRQV�
RI�WKH�'DWD�:DUHKRXVH��LQ�WKH�IRUP�RI�SRSXODWLRQ�SURMHFWV��,WHUDWLRQ�VFRSLQJ�LV�
GHSHQGHQW�RQ�VRXUFH�GDWD�DFTXLVLWLRQ�LVVXHV�DQG�LV�JXLGHG�E\�GHWHUPLQLQJ�KRZ�
PDQ\�EXVLQHVV�TXHVWLRQV�FDQ�EH�DQVZHUHG�LQ�D�WKUHH�WR�VL[�PRQWK�LPSOHPHQWDWLRQ�
WLPH�IUDPH��$�³EXVLQHVV�TXHVWLRQ´�LV�D�TXHVWLRQ�GHHPHG�E\�WKH�EXVLQHVV�WR�SURYLGH�
XVHIXO�LQIRUPDWLRQ�LQ�GHWHUPLQLQJ�VWUDWHJLF�GLUHFWLRQ��

����9DOLGDWLQJ�WKH�0RGHO

%HIRUH�LQYHVWLQJ�D�ORW�RI�WLPH�DQG�HIIRUW�LQ�GHVLJQLQJ�WKH�ZDUHKRXVH��LW�LV�DEVROXWHO\�
QHFHVVDU\��WR�YDOLGDWH�WKH�PRGHO�ZLWK�WKH�HQG�XVHUV��7KH�SXUSRVH�RI�VXFK�D�UHYLHZ�
LV�WZRIROG��)LUVW��LW�VHUYHV�WR�FRQ¿UP�WKDW�WKH�PRGHO�FDQ�DFWXDOO\�PHHW�WKH�XVHUV¶�
UHTXLUHPHQWV��6HFRQG�� DQG� MXVW� DV� LPSRUWDQW�� D� UHYLHZ�VKRXOG�FRQ¿UP� WKDW� WKH�
XVHU� FDQ� XQGHUVWDQG� WKH�PRGHO��2QFH� WKH�ZDUHKRXVH� LV� LPSOHPHQWHG�� WKH� XVHU�
ZLOO�EH�UHO\LQJ�RQ�WKH�PRGHO�RQ�D�UHJXODU�EDVLV�WR�DFFHVV�GDWD�LQ�WKH�ZDUHKRXVH��
1R�PDWWHU�KRZ�ZHOO�WKH�PRGHO�PHHWV�WKH�XVHUV¶�UHTXLUHPHQWV��WKH�ZDUHKRXVH�ZLOO�
IDLO�LI�WKH�XVHU�FDQQRW�XQGHUVWDQG�WKH�PRGHO�DQG��FRQVHTXHQWO\��FDQQRW�DFFHVV�WKH�
GDWD��9DOLGDWLRQ�DW�WKLV�SRLQW�LV�GRQH�DW�D�KLJK�OHYHO��7KLV�PRGHO�LV�UHYLHZHG�ZLWK�
WKH�XVHU�WR�FRQ¿UP�WKDW�LW�LV�XQGHUVWDQGDEOH��7RJHWKHU�ZLWK�WKH�XVHU��WKH�PRGHO�KDV�
WR�EH�WHVWHG�E\�UHVROYLQJ�KRZ�LW�ZLOO�DQVZHU�VRPH�RI�WKH�TXHVWLRQV�LGHQWL¿HG�LQ�
WKH�UHTXLUHPHQWV��,W�LV�DOPRVW�FHUWDLQ�WKDW�WKH�PRGHO�ZLOO�QRW�PHHW�DOO�RI�WKH�XVHUV¶�
UHTXLUHPHQWV�

(LWKHU�WKH�UHTXLUHPHQWV�QHHG�WR�EH�EHWWHU�XQGHUVWRRG�RU��DV�LV�RIWHQ�WKH�FDVH��
WKH\�KDYH�FKDQJHG�DQG�QHHG�WR�EH�UHGH¿QHG��8VXDOO\��WKLV�ZLOO�OHDG�WR�DGGLWLRQV��
DQG�SRVVLEO\�FKDQJHV��WR�WKH�PRGHO�DOUHDG\�FUHDWHG��,Q�WKH�PHDQ�WLPH��WKH�YDOLGDWHG�
SRUWLRQ�RI�WKH�PRGHO�ZLOO�JR�WKURXJK�WKH�GHVLJQ�SKDVH�DQG�EHJLQ�SURYLGLQJ�EHQH¿WV�
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WR�WKH�XVHU��7KH�LWHUDWLRQ�RI�GHYHORSPHQW�DQG�WKH�FRQWLQXHG�FUHDWLRQ�RI�SDUWLDOO\�
FRPSOHWH�PRGHOV�DUH�WKH�NH\�HOHPHQWV�WKDW�SURYLGH�WKH�DELOLW\�WR�UDSLGO\�GHYHORS�
GDWD�ZDUHKRXVHV�

�����,GHQWLI\LQJ�WKH�6RXUFHV

2QFH�WKH�YDOLGDWHG�SRUWLRQ�RI�WKH�PRGHO�SDVVHV�RQ�WR�WKH�GHVLJQ�VWDJH��WKH�¿UVW�
VWHS�LV�WR�LGHQWLI\�WKH�VRXUFHV�RI�WKH�GDWD�WKDW�ZLOO�EH�XVHG�WR�ORDG�WKH�PRGHO��7KHVH�
VRXUFHV� VKRXOG� WKHQ�EH�PDSSHG� WR� WKH� WDUJHW�ZDUHKRXVH� GDWD�PRGHO��0DSSLQJ�
VKRXOG�EH�GRQH�IRU�HDFK�GLPHQVLRQ��GLPHQVLRQ�DWWULEXWH��IDFW��DQG�PHDVXUH��)RU�
GLPHQVLRQV�DQG�IDFWV��RQO\�WKH�VRXUFH�HQWLWLHV��IRU�H[DPSOH��UHODWLRQDO�WDEOHV��ÀDW�
¿OHV��,06�'%'V�DQG�VHJPHQWV��QHHG�EH�GRFXPHQWHG��)RU�GLPHQVLRQ�DWWULEXWHV�
DQG�PHDVXUHV��DORQJ�ZLWK�WKH�VRXUFH�HQWLWLHV��WKH�VSHFL¿F�VRXUFH�DWWULEXWHV��VXFK�
DV�FROXPQV�DQG�¿HOGV��PXVW�EH�GRFXPHQWHG�

&RQYHUVLRQ�DQG�GHULYDWLRQ�DOJRULWKPV�PXVW�DOVR�EH�LQFOXGHG�LQ�WKH�PHWDGDWD��
$W�WKH�GLPHQVLRQ�DWWULEXWH�DQG�PHDVXUH�OHYHO��WKLV�LQFOXGHV�GDWD�W\SH�FRQYHUVLRQ��
DOJRULWKPV� IRU� PHUJLQJ� DQG� VSOLWWLQJ� VRXUFH� DWWULEXWHV�� FDOFXODWLRQV� WKDW� PXVW�
EH� SHUIRUPHG�� GRPDLQ� FRQYHUVLRQV�� DQG� VRXUFH� VHOHFWLRQ� ORJLF� >�@��$� GRPDLQ�
FRQYHUVLRQ�LV�WKH�FKDQJLQJ�RI�WKH�GRPDLQ�LQ�WKH�VRXUFH�V\VWHP�WR�D�QHZ�VHW�RI�
YDOXHV�LQ�WKH�WDUJHW��6XFK�D�FRQYHUVLRQ�VKRXOG�EH�GRFXPHQWHG�LQ�WKH�PHWDGDWD�

,Q� VRPH� FDVHV� WDUJHW� DWWULEXWHV� DUH� ORDGHG� IURP� GLIIHUHQW� VRXUFH� DWWULEXWHV�
EDVHG�RQ� FHUWDLQ� FRQGLWLRQV�� �$W� WKH� IDFW� DQG�GLPHQVLRQ� OHYHO�� FRQYHUVLRQ� DQG�
GHULYDWLRQ�PHWDGDWD� LQFOXGHV� WKH� ORJLF� IRU�PHUJLQJ� DQG� VSOLWWLQJ� URZV� RI� GDWD�
LQ� WKH�VRXUFH�� WKH� UXOHV� IRU� MRLQLQJ�PXOWLSOH�VRXUFHV��DQG� WKH� ORJLF� IROORZHG� WR�
GHWHUPLQH�ZKLFK�RI�PXOWLSOH�VRXUFHV�ZLOO�EH�XVHG�

,GHQWLI\LQJ� VRXUFHV� FDQ� DOVR� FDXVH� FKDQJHV� WR� WKH�PRGHO��7KLV�ZLOO� RFFXU�
ZKHQ�D�YDOLG�VRXUFH� LV�QRW�DYDLODEOH��6RPH�WLPH�WKHUH� LV�QR�VRXUFH� WKDW�FRPHV�
FORVH�WR�PHHWLQJ�WKH�XVHUV¶�UHTXLUHPHQWV��7KLV�VKRXOG�EH�D�YHU\�UDUH�FDVH��EXW�LW�LV�
SRVVLEOH��,I�RQO\�D�SRUWLRQ�RI�WKH�PRGHO�LV�DIIHFWHG��LW�LV�UHFRPPHQGHG�WR�UHPRYH�
WKDW�FRPSRQHQW�DQG�FRQWLQXH�GHVLJQLQJ�WKH�UHPDLQGHU��$�EHWWHU�VFHQDULR�KDSSHQV�
ZKHQ�WKHUH�ZLOO�EH�D�VRXUFH�WKDW�FRPHV�FORVH�EXW�GRHVQ¶W�H[DFWO\�PHHW�WKH�XVHU¶V�
UHTXLUHPHQWV��,Q�WKLV�FDVH�LW�ZLOO�EH�QHFHVVDU\�RQO\�WR�PRGLI\�VOLJKWO\�WKH�PRGHO�

���6RPH�7HQGHQFLHV�LQ�'DWD�:DUHKRXVH�VFRSH�'HYHORSPHQW

'DWD�:DUHKRXVH� LV� GHYHORSHG� LQ� DQ� HQYLURQPHQW� ZKHUH� WHFKQRORJ\� FRXOG� EH�
FKDQJHG� DV� IDVW� DV� WKH� EXVLQHVV� UHTXLUHPHQWV� FKDQJH�� 7KH� 'DWD� :DUHKRXVH�
HQYLURQPHQW�KDV�IHDWXUHV�OLNH�OLIH�F\FOH��LQWHJUDWLRQ�RI�VWUXFWXUHG�DQG�XQVWUXFWXUHG�
GDWD�� PHWDGDWD�� HWF�� ,Q� RUGHU� WR� DGDSW� WR� WKH� RQJRLQJ� FKDQJH� RI� WKH� EXVLQHVV��
VHPDQWLFDOO\� WHPSRUDO� GDWD� �GDWD� WKDW� XQGHUJRHV� FKDQJHV�� VKRXOG� EH� VHSDUDWHG�
IURP� VHPDQWLFDOO\� VWDWLF� GDWD�� ZKLFK� GRHV� QRW� FKDQJH� RYHU� WLPH�� :KHQ� WKLV�
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KDSSHQV�D�QHZ�VQDSVKRW�RI�WKH�GDWD�LV�FUHDWHG��(DFK�VQDSVKRW�LV�GHOLPLWHG�E\�WLPH�
DQG�D�KLVWRULFDO�UHFRUG�IRU�WKH�VHPDQWLFDOO\�WHPSRUDO�GDWD�LV�FUHDWHG��,Q�RUGHU�WR�
PHHW�WKH�FKDQJHV�LQ�WKH�HQYLURQPHQW��D�QHZ�JHQHUDWLRQ�RI�'DWD�:DUHKRXVH�KDV�
EHHQ�GHYHORSHG�±�':�����>�@�

7KH�DQDO\VLV�RI�WKH�FKDUDFWHULVWLFV�RI�':�����SUHVHQWV�WKH�EDVLF�GLIIHUHQFHV�
EHWZHHQ� WKH� WZR� JHQHUDWLRQV� GDWD� ZDUHKRXVHV�� 7KH\� FRYHU� FUXFLDO� DVSHFWV� RI�
WKH� GDWD� ZDUHKRXVLQJ� DQG� VSDQ� IURP� WKH� EXLOGLQJ� PHWKRGRORJ\�� WKURXJK� WKH�
GHYHORSPHQW��WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�¿QDO�SURGXFW�

6HYHUDO�IXQGDPHQWDO�DVSHFWV�XQGHUOLH�WKH�GLIIHUHQFH�EHWZHHQ�':�����DQG�WKH�
¿UVW�JHQHUDWLRQ�GDWD�ZDUHKRXVLQJ��7KH�QHZ�IHDWXUHV�RI�':�����FRQFHUQLQJ�WKH�
VFRSH�RI�WKH�'DWD�:DUHKRXVH�DUH�WKH�IROORZLQJ�>���@�

�����7KH�/LIHF\FOH�RI�'DWD

$V�GDWD�DJHV��LWV�FKDUDFWHULVWLFV�FKDQJH��$V�D�FRQVHTXHQFH��WKH�GDWD�LQ�':�����LV�
GLYLGHG�LQWR�GLIIHUHQW�VHFWRUV�EDVHG�RQ�WKH�DJH�RI�WKH�GDWD��,Q�WKH�¿UVW�JHQHUDWLRQ�
RI�GDWD�ZDUHKRXVHV��WKHUH�ZDV�QR�VXFK�GLVWLQFWLRQ�

$FFRUGLQJ� WR� WKH� FRQFHSW�RI� ³OLIH� F\FOH�RI�GDWD´�GDWD�SDVVHV� WKURXJK� IRXU�
GLIIHUHQW�VHFWRUV��

x� 7KH�,QWHUDFWLYH�6HFWRU
x� 7KH�,QWHJUDWHG�6HFWRU
x� 7KH�1HDU�/LQH�6HFWRU
x� 7KH�$UFKLYDO�6HFWRU
7KH� ,QWHUDFWLYH� 6HFWRU� LV� WKH� SODFH� ZKHUH� WKH� GDWD� HQWHUV� WKH� ':� ����

HQYLURQPHQW�HLWKHU�IURP�DQ�DSSOLFDWLRQ�RXWVLGH�':�����RU�DV�SDUW�RI�D�WUDQVDFWLRQ�
IURP�DQ� DSSOLFDWLRQ�ZKLFK� LV� ORFDWHG� LQ� WKH� ,QWHUDFWLYH�6HFWRU��2Q� OHDYLQJ� WKH�
,QWHUDFWLYH�6HFWRU� WKH�GDWD�JRHV�WR�WKH�,QWHJUDWHG�6HFWRU��$W� WKLV�PRPHQW�³GDWD�
TXDOLW\�SURFHVVLQJ´�OLNH�³GRPDLQ�FKHFNLQJ�DQG�UDQJH�FKHFNLQJ´�LV�GRQH��'DWD�LV�
FROOHFWHG�DQG�NHSW�ZLWK�PD[LPXP�WLPH�VSDQ�RI�WKUHH�WR�¿YH�\HDUV��$IWHU�OHDYLQJ�
WKH� ,QWHJUDWHG�6HFWRU� WKH� GDWD� FDQ� JR� HLWKHU� WR� WKH�1HDU�/LQH�6HFWRU� RU� WR� WKH�
$UFKLYDO�6HFWRU�

����6WUXFWXUHG�DQG�8QVWUXFWXUHG�'DWD

$QRWKHU�DVSHFW�RI�WKH�':�����HQYLURQPHQW�LV�WKDW�LW�FRQWDLQV�QRW�RQO\�VWUXFWXUHG�
EXW�DOVR�XQVWUXFWXUHG�GDWD��8QVWUXFWXUHG�GDWD�LV�D�YDOLG�SDUW�RI�WKH�':�����>��@��
6RPH�RI�WKH�PRVW�YDOXDEOH�LQIRUPDWLRQ�LQ�WKH�FRUSRUDWLRQ�UHVLGHV�LQ�XQVWUXFWXUHG�
GDWD��7KH�¿UVW�JHQHUDWLRQ�RI�GDWD�ZDUHKRXVHV�GLG�QRW� UHFRJQL]H� WKDW� WKHUH�ZDV�
YDOXDEOH�GDWD�LQ�WKH�XQVWUXFWXUHG�HQYLURQPHQW�DQG�WKDW�WKH�GDWD�EHORQJHG�LQ�WKH�
GDWD�ZDUHKRXVH�

7ZR� EDVLF� IRUPV� RI� XQVWUXFWXUHG� GDWD� ±� ³WH[WXDO´� DQG� ³QRQ�WH[WXDO´� DUH�
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VXSSRUWHG�� 7H[WXDO� XQVWUXFWXUHG� GDWD� FRXOG� EH� IRXQG� LQ� HPDLOV�� WHOHSKRQH�
FRQYHUVDWLRQV�� VSUHDGVKHHWV��GRFXPHQWV�DQG�VR� IRUWK��1RQ�WH[WXDO�XQVWUXFWXUHG�
GDWD�RFFXUV�DV�JUDSKLFV�DQG�LPDJHV��7KH�LQWHJUDWLRQ�RI�VWUXFWXUHG�DQG�XQVWUXFWXUHG�
GDWD�LQ�':�����HQDEOHV�GLIIHUHQW�NLQGV�RI�DQDO\VLV���DJDLQVW�XQVWUXFWXUHG�GDWD�RU�
D�FRPELQDWLRQ�RI�VWUXFWXUHG�DQG�XQVWUXFWXUHG�GDWD��

8QVWUXFWXUHG�GDWD�H[LVWV�LQ�VHYHUDO�IRUPV�LQ�':�������DFWXDO�VQLSSHWV�RI�WH[W��
HGLWHG�ZRUGV�DQG�SKUDVHV��DQG�PDWFKLQJ�WH[W��7KH�PRVW�LQWHUHVWLQJ�RI�WKHVH�IRUPV�RI�
XQVWUXFWXUHG�GDWD�LQ�WKH�':�����HQYLURQPHQW�LV�WKH�PDWFKLQJ�WH[W��,Q�WKH�VWUXFWXUHG�
HQYLURQPHQW��PDWFKHV�DUH�PDGH�SRVLWLYHO\�DQG�VXUHO\��1RW�VR�ZLWK�XQVWUXFWXUHG�
GDWD��,Q�':������ZKHQ�PDWFKHV�DUH�PDGH��HLWKHU�EHWZHHQ�XQVWUXFWXUHG�GDWD�DQG�
XQVWUXFWXUHG�GDWD�RU�EHWZHHQ�XQVWUXFWXUHG�GDWD�DQG�VWUXFWXUHG�GDWD��WKH�PDWFK�LV�
VDLG�WR�EH�SUREDELOLVWLF��7KH�PDWFK�PD\�RU�PD\�QRW�EH�YDOLG��DQG�D�SUREDELOLW\�
RI�DQ�DFWXDO�PDWFK�FDQ�EH�FDOFXODWHG�RU�HVWLPDWHG��7KH�FRQFHSW�RI�D�SUREDELOLVWLF�
PDWFK�LV�KDUG�WR�IDWKRP�IRU�WKH�SHUVRQ�WKDW�KDV�RQO\�GHDOW�ZLWK�VWUXFWXUHG�V\VWHPV��
EXW�LW�UHSUHVHQWV�WKH�SURSHU�ZD\�WR�OLQN�VWUXFWXUHG�DQG�XQVWUXFWXUHG�GDWD�

�����$�1HZ�&RQFHSW�RI��0HWDGDWD

0HWDGDWD� LV� WKH�JOXH� WKDW�KROGV� WKH�GDWD� WRJHWKHU�RYHU� LWV�GLIIHUHQW� VWDWHV� >��@��
7KH� ¿UVW� JHQHUDWLRQ� RI� GDWD� ZDUHKRXVLQJ� RPLWWHG� PHWDGDWD� DV� SDUW� RI� WKH�
LQIUDVWUXFWXUH�

0HWDGDWD�LV�IRXQG�LQ�PDQ\�SODFHV�WRGD\���PXOWLGLPHQVLRQDO�WHFKQRORJ\��GDWD�
ZDUHKRXVHV� GDWDEDVH� PDQDJHPHQW� V\VWHP� FDWDORJV�� VSUHDGVKHHWV�� GRFXPHQWV��
HWF��7KHUH�LV�OLWWOH�RU�QR�FRRUGLQDWLRQ�RI�PHWDGDWD�IURP�RQH�DUFKLWHFWXUDO�FRQVWUXFW�
WR�DQRWKHU��KRZHYHU�� WKHUH� LV� VWLOO�D�QHHG� IRU�D�JOREDO� UHSRVLWRU\��7KHVH�VHWV�RI�
QHHGV�DUH�UHFRJQL]HG�DQG�DGGUHVVHG�DUFKLWHFWXUDOO\�LQ�':�����

,Q�':�����HYHU\�VHFWRU�KDV�PHWDGDWD�RI�LWV�RZQ��7KH�PHWDGDWD�IRU�WKH�$UFKLYDO�
6HFWRU�LV�SODFHG�GLUHFWO\�ZLWK�WKH�DUFKLYDO�GDWD�ZKLOH�WKH�PHWDGDWD�IRU�WKH�RWKHU�
VHFWRUV�LV�NHSW�VHSDUDWHO\�IURP�WKH�GDWD��7KH�GLIIHUHQW�VHFWRUV�VXSSRUW�PHWDGDWD�
IRU�WKH�VWUXFWXUHG�DQG�IRU�WKH�XQVWUXFWXUHG�GDWD��

�����,QWHJULW\�RI�WKH�'DWD

7KH�QHHG�IRU�LQWHJULW\�RI�GDWD�LV�UHFRJQL]HG�DV�GDWD�SDVVHV�IURP�RQOLQH�SURFHVVLQJ�
WR�LQWHJUDWHG��SURFHVVLQJ�>��@�

7KH� ':� ���� HQYLURQPHQW� KDV� IHDWXUHV� OLNH� LQWHJUDWLRQ� RI� VWUXFWXUHG� DQG�
XQVWUXFWXUHG�GDWD�DQG�PHWDGDWD��,Q�RUGHU�WKH�WHFKQRORJ\�WR�DGDSW�WR�WKH�RQJRLQJ�
FKDQJH�RI�WKH�EXVLQHVV��VHPDQWLFDOO\�WHPSRUDO�GDWD��GDWD�WKDW�XQGHUJRHV�FKDQJHV��
VKRXOG�EH�VHSDUDWHG�IURP�VHPDQWLFDOO\�VWDWLF�GDWD��ZKLFK�GRHV�QRW�FKDQJH�RYHU�
WLPH��:KHQ�WKLV�KDSSHQV�D�QHZ�VQDSVKRW�RI�WKH�GDWD�LV�FUHDWHG��(DFK�VQDSVKRW�LV�
GHOLPLWHG�E\�WLPH�DQG�KDV�WR�GDWH�DQG�IURP�GDWH��,Q�WKLV�ZD\�D�KLVWRULFDO�UHFRUG�
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IRU�WKH�VHPDQWLFDOO\�WHPSRUDO�GDWD�LV�FUHDWHG��

�����7KH�6SLUDO�0HWKRGRORJ\

2QH�RI�WKH�PRVW�SURPLQHQW�FKDUDFWHULVWLFV�RI�':�����LV�WKH�VSLUDO�PHWKRGRORJ\��
ZKLFK� DGRSWV� WKH� VR� FDOOHG� ³VHYHQ� VWUHDPV� DSSURDFK´�� 'LIIHUHQW� DFWLYLWLHV� DUH�
LQLWLDWHG�DQG�FRPSOHWHG�LQ�HDFK�VWUHDP�>�@�

x� 7KH� (QWHUSULVH� UHIHUHQFH� PRGHO� VWUHDP� FRQFHUQV� WKH� FUHDWLRQ� DQG�
FRQWLQXHG� PDLQWHQDQFH� RI� D� FRUSRUDWH� GDWD� PRGHO� ZKLFK� FRQVLVWV� RI�
(QWLW\�5HODWLRQVKLS�'LDJUDPV�DQG�EDFNJURXQG�LQIRUPDWLRQ�

x� 7KH�(QWHUSULVH�NQRZOHGJH�FRRUGLQDWLRQ�VWUHDP�UHOLHV�RQ�YDULRXV�DUWLIDFWV�
WKDW� FRPH� RXW� RI� WKH� FRUSRUDWH� GDWD� PRGHOLQJ�� LQIRUPDWLRQ� IDFWRU\�
GHYHORSPHQW��DQG�GDWD�SUR¿OLQJ�VWUHDPV�

x� 7KH�,QIRUPDWLRQ�IDFWRU\�GHYHORSPHQW�VWUHDP�LV�EXLOW�³WRSLF�E\�WRSLF´�
x� 7KH�'DWD�SUR¿OLQJ�DQG�PDSSLQJ�VWUHDP�LQFOXGHV�WKH�DQDO\VLV�RI�WKH�GDWD�

IURP�WKH�VRXUFH�V\VWHPV
�LQ�WHUPV�RI�TXDOLW\�DQG�FRPSOHWHQHVV�

x� 7KH�'DWD�FRUUHFWLRQ�VWUHDP���WKH�GDWD�LV�H[DPLQHG�DQG�GHFLGHG�ZKLFK�SDUW�
RI�LW�ZLOO�EH�FRUUHFWHG�

x� 7KH� ,QIUDVWUXFWXUH� PDQDJHPHQW� VWUHDP� DGGUHVVHV� WKH� GHFLVLRQ� ZKDW�
SHRSOH�UHVRXUFHV�DQG�WRROV�ZLOO�EH�XVHG�

x� 7KH�7RWDO�LQIRUPDWLRQ�TXDOLW\�PDQDJHPHQW�VWUHDP�SURYLGHV�GDWD�TXDOLW\�
PRQLWRULQJ�DQG�SURFHVV�LPSURYHPHQW��

��&RQFOXVLRQ

7KH� DQDO\VLV� RI� WKH� FKDUDFWHULVWLFV� RI� ':� ���� SUHVHQWV� WKH� EDVLF� GLIIHUHQFHV�
EHWZHHQ�WKH�WZR�JHQHUDWLRQV�GDWD�ZDUHKRXVHV��7KH\�FRYHU�FUXFLDO�DVSHFWV�RI�WKH�
GDWD�ZDUHKRXVLQJ�IURP�WKH�EXLOGLQJ�PHWKRGRORJ\��WKURXJK�WKH�GHYHORSPHQW��WR�
WKH�LPSOHPHQWDWLRQ�RI�WKH�¿QDO�SURGXFW��

7KH� KXJH� DPRXQW� RI� XQVWUXFWXUHG� DQG� XQSURFHVVHG� GDWD� IURP� GLIIHUHQW�
VRXUFHV� IURP� RQH� VLGH� DQG� D� ODUJH� QXPEHU� RI� RQ�OLQH� WUDQVDFWLRQ� SURFHVVLQJ�
V\VWHPV�RUJDQL]HG�RQ�GLIIHUHQW�SODWIRUPV�IURP�WKH�RWKHU�VLGH�KDYH�WR�EH�LQWHJUDWHG�
XQLIRUPO\�LQ�RUGHU�WR�VDWLVI\�WKH�UDSLGO\�LQFUHDVLQJ�EXVLQHVV�UHTXLUHPHQWV��

7KH�WHQGHQFLHV�FRQFHUQLQJ�'DWD�:DUHKRXVH�6FRSH�GHYHORSPHQW�DUH�GLVFXVVHG�
LQ�WKLV�SDSHU��7KH\�IROORZ�WKH�SURFHVV�RI�HQODUJLQJ�DQG�FRPSOH[QHVV�RI�WKH�GDWD�
VWRUHG�QRZDGD\V��WKH�LQFUHDVLQJ�QXPEHU�RI�GDWD�VRXUFHV�RI�GLIIHUHQW�W\SH�DQG�WKH�
QHFHVVLW\�RI�LQWHJUDWLRQ�RI�WKH�GDWD�LQ�RUGHU�WR�SURYLGH�PRUH�SRZHUIXO�LQIRUPDWLRQ�
IRU�WKH�SXUSRVHV�RI�WKH�PDQDJHPHQW��PDUNHWLQJ��¿QDQFLDO�DQG�DOO�RWKHU�DFWLYLWLHV��
LQ�WKH�IDVW�JURZLQJ�DQG�UDSLGO\�FKDQJLQJ�EXVLQHVV�HQYLURQPHQW�
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