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ĐŽŶĐĞƉƚƐ�ƚŽŐĞƚŚĞƌ�ƚŽ�ĐƌĞĂƚĞ�ŽŶĞ�ŵĞĂŶŝŶŐĨƵů�
concept. 
WĂƌƚ�ŽĨ�ƚŚĞ�ƉƌŽũĞĐƚ�ďƌŝĞĨ�ĂůƐŽ�ǁĂƐ�ƚŚĞ�ŶŽƟŽŶ�
ƚŚĂƚ�ĐŝƟĞƐ�ĂƌĞ�ďĞĐŽŵŝŶŐ�ŵŽƌĞ�ĂůŝǀĞ�ŝŶ�ƚŚĞ�ĚŝŐŝƚĂů�
ƐƉĂĐĞ�ĂƐ�ǁĞůů�ĂŶĚ�ƚŚĂƚ�ƚŚŝƐ�ŚĂƐ�ĂŶ�ŝŶŇƵĞŶĐĞ�
ŽŶ�ƚŚĞ�ĚĂŝůǇ�ůŝǀĞƐ�ŽĨ�ŝŶŚĂďŝƚĂŶƚƐ�ŽĨ�ƐĂŝĚ�ĐŝƚǇ͘�dŽ�
ĐŽŶƐŝĚĞƌ�ƚŚŝƐ͕�ƚŚĞ�ŝŶƚĞƌŶĞƚ�ŽĨ�ƚŚŝŶŐƐ�ǁĂƐ�ƚĂŬĞŶ�ĂƐ�
ĂŶŽƚŚĞƌ�ƐƚĂƌƟŶŐ�ƉŽŝŶƚ͘�DŽƌĞ�ƐƉĞĐŝĮĐĂůůǇ͕��ƌƵĐĞ�
^ƚĞƌůŝŶŐ͛Ɛ͛�ǀŝĞǁƐ�ŽŶ�ƚŚĞ�ŝŶƚĞƌŶĞƚ�ŽĨ�ƚŚŝŶŐƐ�ĂƐ�ŚĞ�
ĚĞƐĐƌŝďĞƐ�ƚŚĞŵ�ŝŶ�ŚŝƐ�ďŽŽŬ�^ŚĂƉŝŶŐ�dŚŝŶŐƐ͘
dŚĞ�ƚŚƌĞĞ�ƐƚĂƌƟŶŐ�ƉŽŝŶƚƐ�ŽĨ�ƚŚŝƐ�ƉƌŽũĞĐƚ�ŚĂǀĞ�ůĞĚ�
ƚŽ�Ă�ĚĞƐŝŐŶ�ďƌŝĞĨ�ĨƌŽŵ�ǁŚŝĐŚ�ƚŚĞ�ĮŶĂů�ĐŽŶĐĞƉƚ�ŽĨ�
ƚŚŝƐ�ƉƌŽũĞĐƚ�ǁĂƐ�ĚĞǀĞůŽƉĞĚ͘

Intro
dŚĞ�ƉƌŽũĞĐƚ�'ƌŽǁŝŶŐ�^ǇƐƚĞŵƐ�ǁĂƐ�ĐŽŶĚƵĐƚĞĚ�Ăƚ�
ƚŚĞ�/ŶĚƵƐƚƌŝĂů��ĞƐŝŐŶ�ĚĞƉĂƌƚŵĞŶƚ�ŽĨ��ŝŶĚŚŽǀĞŶ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ�ĂƐ�Ă�ďĂĐŚĞůŽƌ�
ŐƌĂĚƵĂƟŽŶ�ƉƌŽũĞĐƚ�ďǇ�DĂƌƟũŶ�>ĂŵŵĞƌƐ͘�dŚĞ�
�ĞƐŝŐŶ�ďƌŝĞĨ�;ϭͿ�ƐƚĂƚĞĚ�ƚŚĞ�ŐĞŶĞƌĂů�ĐŽŶƚĞǆƚ�ƚŽ�
ďĞ�͚ƚŚĞ�ĐŝƚǇ͛͘ �dŚĞƌĞĨŽƌĞ͕�ƚŚĞ�ŽǀĞƌĂůů�ŐŽĂů�ŽĨ�ƚŚŝƐ�
ƉƌŽũĞĐƚ�ǁĂƐ�ƚŽ�ĐƌĞĂƚĞ�Ă�ŐƌŽǁŝŶŐ�ƐǇƐƚĞŵ�ŝŶ�ƚŚĞ�
ĐŽŶƚĞǆƚ�ŽĨ�Ă�ĐŝƚǇ͘
��ŐƌŽǁŝŶŐ�ƐǇƐƚĞŵ�ďƵŝůĚƐ�ŽŶ�ƚŚĞ�ŽůĚ͕�ŝƐ�ƌĞĂĚǇ�
ĨŽƌ�ƚŚĞ�ŶĞǁ�ĂŶĚ�ŝƐ�ŽƉĞŶ�ĨŽƌ�ĂƉƉƌŽƉƌŝĂƟŽŶ�ďǇ�
ŝƚƐ�ƵƐĞƌƐ;ϭͿ͘�/Ŷ�ƚŚŝƐ�ƉƌŽũĞĐƚ͕�Ă�ŐƌŽǁŝŶŐ�ƐǇƐƚĞŵ�
ŝƐ�ĐŽŵŝŶŐ�ƚŽŐĞƚŚĞƌ�ǁŝƚŚ�Ă�ĐŝƚǇ͘�dŚĞ�ƚǁŽ�ƉůĂǇĞƌƐ�
ŝŶ�ƚŚŝƐ�ƐĐŽƉĞ�ĂƌĞ�ƋƵŝƚĞ�ƚŚĞ�ŽƉƉŽƐŝƚĞ͘��ŝƟĞƐ�ĂƌĞ�
ƉĞƌĐĞŝǀĞĚ�ĂƐ�ďŝŐ͕�ƐůŽǁ�ŵŽǀŝŶŐ�ĐƌĞĂƚƵƌĞƐ�ƚŚĂƚ�ĚŽ�
ŶŽƚ�ĂůůŽǁ�ĨŽƌ�ŵƵƚƵĂů�ŝŶƚĞƌĂĐƟŽŶ�ǁŚĞƌĞĂƐ�ƚŚĞŝƌ�
ŝŶĚŝǀŝĚƵĂů�ĐŝƟǌĞŶƐ�ĂĚĂƉƚ�ƚŽ�;ĂŶĚ�ƐŽŵĞƟŵĞƐ�
ƌĞƐŚĂƉĞͿ�ƚŚĞ�ƵƌďĂŶ�ĐŽŵŵƵŶŝƚǇ�;ϮͿ͘�dŚŝƐ�ŝƐ�
ƚĂŬĞŶ�ĂƐ�Ă�ƐƚĂƌƟŶŐ�ƉŽŝŶƚ�ƚŽ�ƚƌǇ�ĂŶĚ�ďƌŝŶŐ�ƚŚĞƐĞ�
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/ŶĚĞǆ
Intro     2
/ŶĚĞǆ� � � � � ϱ
/ŶƚĞƌĨĂĐĞ�ŽĨ�Ă�ĐŝƚǇ� � � ϲ
dŚĞ�ŝŶƚĞƌŶĞƚ�ŽĨ�ƚŚŝŶŐƐ�� � ϴ
�ǆƉůŽƌĂƟŽŶ͗
ŚŝĚĚĞŶ�ƐĞŶƐŽƌƐ� � � ϭϬ
�ǆƉůŽƌĂƟŽŶ͗
ŝŶƚĞƌĂĐƟǀĞ�ĨŽƵŶƚĂŝŶ� � � ϭϮ
�ǆƉůŽƌĂƟŽŶ͗
Shape     14
�ǆƉůŽƌĂƟŽŶ͗
/ŶĨŽƌŵĂƟŽŶ��ĞĐŽƌĂƟŽŶ� � ϭϲ
^ƉĞĂŬĞƌƐ�WĂŶĞůƐ͕�ƚŚĞ�ĐŽŶĐĞƉƚ� ϭϴ
,ƵŵĂŶ�ĨĂĐƚŽƌƐ� � � ϮϬ
^ĐĂůĞ�DŽĚĞů� � � � ϮϮ
ZĞĨĞƌĞŶĐĞ� � � � ϯϬ
�ƉƉĞŶĚŝǆ� � � � ϯϮ



ϲ

dŚĞ�ŝŶƚĞƌĨĂĐĞ�ŽĨ�Ă�
�ŝƚǇ
�Ŷ�ŝŶƚĞƌĨĂĐĞ�ŝƐ�ĂŶ�ĞŶǀŝƌŽŶŵĞŶƚ�ǁŚĞƌĞ�ƚǁŽ�
ƐǇƐƚĞŵƐ�ĐĂŶ�ĂĚĂƉƚ�ƚŽ�ĞĂĐŚ�ŽƚŚĞƌ;ϮͿ͘�/Ŷ�
ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�Ă�ĐŝƚǇ͕�ĂŶ�ŝŶƚĞƌĨĂĐĞ�ĐĂŶ�ďĞ�
ƉůĂĐĞĚ�Ăƚ�ĚŝīĞƌĞŶƚ�ƉůĂĐĞƐ�ŝŶ�Ă�ĐŝƚǇ͘�dŚĞ�ŵĂŝŶ�
ŶŽƟŽŶ�ƚŚĂƚ�ƚŚĞ�ŝŶƚĞƌĨĂĐĞ�ƐŚŽƵůĚ�ďĞ�ĚĞƐŝŐŶĞĚ�
ǁŝƚŚ�ŝƐ�ƚŚĂƚ�ƉĞŽƉůĞ�ŝŶ�Ă�ĐŝƚǇ�ĂƌĞ�ŝŶ�ŵŽƐƚ�ĐĂƐĞƐ�͚ŽŶ�
ƚŚĞ�ŐŽ͛�ǁŚŝĐŚ�ŵĞĂŶƐ�ƚŚĞǇ�ŚĂǀĞ�Ă�ĐĞƌƚĂŝŶ�ŐŽĂů�
ƚŚĞǇ�ĂƌĞ�ŵŽǀŝŶŐ�ƚŽǁĂƌĚƐ�ƚŚĞ�ŝŶƚĞƌĨĂĐĞ�ǁŝůů�ďĞ�
ƉĂƌƚ�ŽĨ�ĂŶ�ŽďũĞĐƚ�ƚŚĂƚ�ŝƐ�ƚŚĂƚ�ŐŽĂů͘�dŚĞ�ĚĞƐŝŐŶ�
ĐŚĂůůĞŶŐĞ�ƚŚĂƚ�ǁĂƐ�ƐĞƚ�ŝƐ͖�ĐƌĞĂƚĞ�ĂŶ�ŽďũĞĐƚ�ĨŽƌ�
ƚŚĞ�ƉƵďůŝĐ�ƐƉĂĐĞ�ƚŚĂƚ�ďĞĐŽŵĞƐ�Ă�ŐŽĂů�ĨŽƌ�ƉĞŽƉůĞ�
ƚŽ�ĐŽŵĞ�ƚŽ͘�ĂŶĚ�ƚŚĂƚ�ĞŶŐĂŐĞƐ�ƚŚĞŵ�ƚŽ�ƵƐĞ�ĂŶĚ�
ƚŚŝŶŬ�ŽĨ�ƚŚĞ�ĐŝƚǇ�ŝŶ�Ă�ĚŝīĞƌĞŶƚ�ǁĂǇ͘
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ϴ

dŚĞ�/ŶƚĞƌŶĞƚ�KĨ�
dŚŝŶŐƐ
/Ŷ�ŚŝƐ�ďŽŽŬ�^ŚĂƉŝŶŐ�dŚŝŶŐƐ͕��ƌƵĐĞ�^ƚĞƌůŝŶŐ�ĚŝƐ-
ĐƵƐƐĞƐ�ƚŚĞ�ĨƵƚƵƌĞ�ŽĨ�ƉƌŽĚƵĐƚƐ�ĂŶĚ�ƉƌŽĚƵĐƚ�ĚĞƐŝŐŶ͘�
,Ğ�ĂƌŐƵĞƐ�ƚŚĂƚ�ƚŚĞƌĞ�ĂƌĞ�ĚŝīĞƌĞŶƚ�ƐƚĂŐĞƐ�ŝŶ�ŝŶ-
ĚƵƐƚƌǇ�ƚŚĂƚ�ďƌŝŶŐ�ĨŽƌƚŚ�ĚŝīĞƌĞŶƚ�ŬŝŶĚƐ�ŽĨ�ƉƌŽĚƵĐƚƐ�
;ƐĞĞ�ĮŐƵƌĞ�ϭͿ͘�
/ŶƚĞƌĞƐƟŶŐ�ŝƐ�ŚŽǁ�^ƚĞƌůŝŶŐ�ĚŝƐƟŶŐƵŝƐŚĞƐ�ƚŚĞ�ŵŽƐƚ�
ƌĞĐĞŶƚ�ƚǁŽ�ĚĞǀĞůŽƉŵĞŶƚƐ�ŝŶ�ƉƌŽĚƵĐƚƐ͘�DŽƐƚ�ŽĨ�
ƚŚĞ�ƉƌŽĚƵĐƚƐ�ƵƐĞĚ�ƚŽĚĂǇ�ĂƌĞ�ŐŝǌŵŽƐ͘�&Žƌ�ĞǆĂŵƉůĞ�
Ă�ƐŵĂƌƚƉŚŽŶĞ Ɛ͛�ŵĞŵŽƌǇ�ĐĂƉĂĐŝƚǇ͕ �ŝƚ�ŝƐ�ƚŽŽ�ůĂƌŐĞ�
Žƌ�ƚŽŽ�ƐŵĂůů�ĨŽƌ�ŵĂŶǇ�ŽĨ�ŝƚƐ�ƵƐĞƌƐ�ďƵƚ�ŝƚ�ŝƐ�ĐŚĞĂƉĞƌ�
ƚŽ�ŝŶĐůƵĚĞ�Ă�ƐƚĂŶĚĂƌĚ�ŵĞŵŽƌǇ��ƐŝǌĞ�ƚŚĞŶ�ƚŽ�ŚĂǀĞ�
ŵĂŶǇ�ĚŝīĞƌĞŶƚ�ŵŽĚĞůƐ�ŽĨ�ƉŚŽŶĞƐ�ǁŝƚŚ�ĚŝīĞƌĞŶƚ�
ŵĞŵŽƌǇ�ƐŝǌĞƐ͘�dŚŝƐ�ŵĂŬĞƐ�'ŝǌŵŽƐ�ƵŶƐƚĂďůĞ�ĂŶĚ�
ŽĨ�ƐŚŽƌƚ�ůŝĨĞ�ĞǆƉĞĐƚĂŶĐǇ͘�tŚĂƚ�^ƚĞƌůŝŶŐ�ŝƐ�ƉƌŽƉŽƐ-
ŝŶŐ�ǁŝƚŚ�^ƉŝŵĞƐ�ŝƐ�ŵŽƌĞ�Žƌ�ůĞƐƐ�ƚŚĞ�ĐŽŶĐĞƉƚ�ŽĨ�
ƚŚĞ�ĮƌƐƚ�ƐƚĂŐĞ�ŽĨ�ƉƌŽĚƵĐƚƐ͕�ƚŚĞ�ĂƌƟĨĂĐƚ͘��ƌƟĨĂĐƚƐ�
ĂƌĞ�ĐƌĂŌĞĚ�ďǇ�ƚŚĞ�ƵƐĞƌ�ƚŚĞŵƐĞůǀĞƐ�ĂŶĚ�ƚŚĞǇ�ĚŽ�
ĞǆĂĐƚůǇ�ǁŚĂƚ�ƚŚĞ�ƵƐĞƌ�ŶĞĞĚƐ�ĂŶĚ�ƌĞƋƵŝƌĞƐ͘�^Ž�^Ɖŝ-
ŵĞƐ�ĂĚĂƉƚ�ƚŚĞŵƐĞůǀĞƐ�ƚŽ�ƚŚĞŝƌ�ƵƐĞƌƐ͕�ƚŚĞŝƌ�ƵƐĞƌƐ�

ĂƌĞ�ƚŚĞƌĞĨŽƌĞ�ŶŽ�ůŽŶŐĞƌ�ĐĂůůĞĚ�ƵƐĞƌƐ�ďƵƚ�ƚŚĞǇ�ĂƌĞ�
ĐĂůůĞĚ�ǁƌĂŶŐůĞƌƐ͘�tƌĂŶŐůĞƌƐ�ĂƌĞ�ŶŽ�ůŽŶŐĞƌ�ũƵƐƚ�
ƵƐĞƌƐ�ŽĨ�Ă�ƉƌŽĚƵĐƚ͕�ƚŚĞǇ�ĚĞĮŶĞ�ƚŚĞ�ƉƌŽĚƵĐƚ�ĂŶĚ�
ĞǀĞƌǇ�ƐƉŝŵĞ�ĂĚĂƉƚƐ�ĂƐ�ƐŽŽŶ�ĂƐ�ŝƚ�ŝƐ�ŝŶ�ƚŚĞ�ŚĂŶĚƐ�
ŽĨ�Ă�ǁƌĂŶŐůĞƌ͘
/Ŷ�ƚŚĞ�ƐĐŽƉĞ�ŽĨ�ƚŚŝƐ�ƉƌŽũĞĐƚ͕�ƚŚŝƐ�ŝƐ�ĂŶ�ŝŶƚĞƌĞƐƟŶŐ�
ǀŝĞǁŝŶŐ�ĂŶŐůĞ�ĂƐ�ĐŝƟĞƐ�ĂƌĞ͕�ĂƐ�ŵĞŶƟŽŶĞĚ͕�ƐůŽǁ�
ŵŽǀŝŶŐ�ĂŶĚ�ĐƵŵďĞƌƐŽŵĞ͘�tŚŝůĞ�ŽŶ�ƚŚĞ�ŽƚŚĞƌ�
ŚĂŶĚ͕�ĐŝƟǌĞŶƐ�ŵŽǀĞ�ĨĂƐƚ�ĂƌŽƵŶĚ�Ă�ĐŝƚǇ�ĂƐ�ĚŽĞƐ�ƚŚĞ�
ĚĂƚĂ�ƚŚĂƚ�ƚŚĞǇ�ĂƌĞ�ŝŶƚĞƌĞƐƚĞĚ�ŝŶ͘�dŚŝƐ�ĚĂƚĂ�ŝƐ�ŵŽƐƚ-
ůǇ�ŬĞƉƚ�ƉƌŝǀĂƚĞ�ǁŚŝĐŚ�ŝƐ�ŝŶ�ŵŽƐƚ�ĐĂƐĞƐ�Ă�ǀĞƌǇ�ŐŽŽĚ�
ƚŚŝŶŐ͘��Ƶƚ�ŝŶ�ƚƌĂŶƐĨŽƌŵŝŶŐ�ƚƌĂĚŝƟŽŶĂů�ĐŝƚǇƐĐĂƉĞƐ�
ŝŶƚŽ�ƉůĂĐĞƐ�ƚŚĂƚ�ŚĂǀĞ�ƚŚĂƚ�ĚĂƚĂ�ĂůƐŽ�ŝŶƚĞŐƌĂƚĞĚ�
ŝŶ�ƚŚĞŵ�ƚŚĞƌĞ�ĐŽƵůĚ�ďĞ�ƐŽŵĞ�ĚĂƚĂ�ƚŚĂƚ�ĐĂŶ�ďĞ�
ƐŚĂƌĞĚ͕�ƚŚĂƚ�ƉĞŽƉůĞ�ǁĂŶƚ�ƚŽ�ƐŚĂƌĞ͘�dŚĞƌĞ�ĂƌĞ͕�ŝŶ�
ƚŚĞ�ƐĐŽƉĞ�ŽĨ�ƚŚĞ�ŝŶƚĞƌŶĞƚ�ŽĨ�ƚŚŝŶŐƐ�ŵĂŶǇ�ŽƉƉŽƌ-
ƚƵŶŝƟĞƐ�ƚŽ�ĚĞǀĞůŽƉ�ĂŶ�ŝŶƚĞƌĨĂĐĞ�ƚŚĂƚ�ďƌŝŶŐƐ�ĚĂƚĂ�
ŝŶƚŽ�ƚŚĞ�ƉŚǇƐŝĐĂů�ǁŽƌůĚ�ŝŶ�Ă�ŵĞĂŶŝŶŐĨƵů�ǁĂǇ͘�dŚŝƐ�
ŵĞĂŶƐ�ƚŚĞ�ĨĞĞĚďĂĐŬ�;ŝŶ�ƚŚĞ�ĨŽƌŵ�ŽĨ�ŵĞĂŶŝŶŐĨƵů�
ĚĂƚĂͿ�ƚŚĞ�ƐǇƐƚĞŵ�ǁŝůů�ŐŝǀĞ�ĂĚĚƐ�ǀĂůƵĞ�ƚŽ�ƚŚĞ�ƉůĂĐĞ͕�
ƟŵĞ�ĂŶĚ�ĐŝĐƵŵƐƚĂŶĐĞƐ�ƚŚĞ�ƐǇƐƚĞŵ�ŝƐ�ƉůĂĐĞĚ�ŝŶ͘
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Physical Space

Growing System

Digital Space

Interface

Interface

Feedback

Feedback



ϭϬ

�ǆƉůŽƌĂƟŽŶ͗�
,ŝĚĚĞŶ�ƐĞŶƐŽƌƐ
dŚĞ�ŐŽĂů�ŽĨ�ƚŚŝƐ�ĞǆƉůŽƌĂƟŽŶ�ǁĂƐ�ƚŽ�ĮŶĚ�ŽƵƚ�ŝĨ�
ƐĞŶƐŽƌƐ�ƚŚĂƚ�ĂƌĞ�ďƵŝůĚ�ŝŶƚŽ͕�ĨŽƌ�ĞǆĂŵƉůĞ͕�Ă�ǁĂůů�
ĐĂŶ�ŚĞůƉ�ĐƌĞĂƟŶŐ�ĂŶ�ŝŶƚĞƌĨĂĐĞ�ĨŽƌ�Ă�ĐŝƚǇ͘��ĞĐĂƵƐĞ�
ƚŚĞ�ƐĞŶƐŽƌƐ�ĂƌĞ�ŚŝĚĚĞŶ�ƚŚĞ�ŐŽĂů�ŝƐ�ƚŽ�ĐƌĞĂƚĞ�Ă�
ƐŝŵƉůĞ�ŝŶƐƚĂůůĂƟŽŶ�ƚŚĂƚ�ƌĞĂĐƚƐ�ŽŶ�ƉĞŽƉůĞ�ŝŶ�ĨƌŽŶƚ�
ŽĨ�ŝƚ�ĂŶĚ�ŚĂǀĞ�ƚŚĞƐĞ�ƉĞŽƉůĞ�ĚŝƐĐŽǀĞƌ�ŚŽǁ�ƚŽ�
ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ƚŚĞ�ƐǇƐƚĞŵ�ƚŚĞŵƐĞůǀĞƐ͘�
dŚĞ�ƐĞƚƵƉ�ĐŽŶƐŝƐƚƐ�ŽĨ�ƚǁŽ�ƉĂƌƚƐ͕�Ă�ƉƌŽũĞĐƚŽƌ�
ƐĐƌĞĞŶ�ǁŝƚŚ�Ă�ƉƌŽũĞĐƚŽƌ�ĂŶĚ�Ă�ƐĞůĨ�ďƵŝůƚ�
ĐĂƉĂĐŝƟǀĞ�ƐĞŶƐŽƌ͘ �dŚĞ�ƐĞƚƵƉ�ǁĂƐ�ƉůĂĐĞĚ�ŝŶ�Ă�
ƉůĂĐĞ�ǁŚĞƌĞ�ƚŚĞƌĞ�ŝƐ�ƐŽŵĞ�͚ƚƌĂĸĐ͛�ŽĨ�ƉĞŽƉůĞ�
ǁĂůŬŝŶŐ�ƉĂƐƚ�ĂŶĚ�ŝƚ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ŚŽǁ�ƚŚĞǇ�ƌĞĂĐƚ�
ƚŽ�ƚŚĞ�ŝŶƐƚĂůůĂƟŽŶ͘�tŚĞŶ�ƐŽŵĞďŽĚǇ�ƉĂƐƐĞƐ͕�
ƚŚĞǇ�ůĞŌ�Ă�ƚƌĂŝů�ŽĨ�͚ĐŚĂŽƐ͛�ŝŶ�ƚŚĞ�ƉƌŽũĞĐƟŽŶ͕�
ĂŶĚ�ƚŚĞ�ŐŽĂů�ǁĂƐ�ƚŽ�ĮŶĚ�ŽƵƚ�ǁŚĞƚŚĞƌ�ƚŚŝƐ�ǁĂƐ�
ŶŽƟĐĞĚ�ĂŶĚ�ŝĨ�ƐƵďũĞĐƚƐ�ƚƌŝĞĚ�ƚŽ�ĮŶĚ�ŽƵƚ�ŚŽǁ�ƚŽ�
ŵĂŶŝƉƵůĂƚĞ�ƚŚĞ�ƉƌŽũĞĐƟŽŶ͘

&ƌŽŵ�ƚŚĞ�ĞǆƉůŽƌĂƟŽŶ�ŝƚ�ǁĂƐ�ƚĂŬĞŶ�ĂǁĂǇ�ƚŚĂƚ�
ǁŚĞŶ�ŝƚ�ǁĂƐ�ŶŽƟĐĞĚ�ƚŚĂƚ�ƚŚĞ�ƉƌŽũĞĐƟŽŶ�ǁĂƐ�
ƌĞĂĐƟŶŐ͕�ƚŚĞ�ŝŶƚĞƌĞƐƚ�ŽĨ�ƚŚĞ�ƐƵďũĞĐƚ�ǁĂƐ�ĐĂƵŐŚƚ�
ĂŶĚ�ƚŚĞ�ƉƌŽũĞĐƟŽŶ�ǁĂƐ�ƉůĂǇĞĚ�ǁŝƚŚ͘�&ƵƌƚŚĞƌ�
ŝŶǀĞƐƟŐĂƟŽŶƐ�ŽŶ�ƚŚŝƐ�ƐƵďũĞĐƚ�ǁŝůů�ďĞ�ĐŽŶĚƵƚĞĚ͘
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�ǆƉůŽƌĂƟŽŶ͗�
/ŶƚĞƌĂĐƟǀĞ�
&ŽƵŶƚĂŝŶ
�ƵƌŝŶŐ�ƚŚĞ�ƉƌŽũĞĐƚ͕�ƚŚĞ�ŽƉƉŽƌƚƵŶŝƚǇ�ǁĂƐ�ƚĂŬĞŶ�
ƚŽ�ƉĂƌƟĐŝƉĂƚĞ�ŝŶ�Ă�ǁŽƌŬƐŚŽƉ�ĐŽŶĚƵĐƚĞĚ�ŝŶ�ĐŚŝŶĂ�
ǁŝƚŚ�ƚŚĞ�ŐŽĂů�ƚŽ�ĐƌĞĂƚĞ�Ă�ƉŝĞĐĞ�ŽĨ�ƉƵďůŝĐ�Ăƌƚ͘�
�ƵƌŝŶŐ�ƚŚŝƐ�ǁŽƌŬƐŚŽƉ�Ă�ĮƌƐƚ�ĞǆƉůŽƌĂƟŽŶ�ǁĂƐ�
ĚŽŶĞ�ŝŶƚŽ�ƉƵďůŝĐ�Ă�ƉƵďůŝĐ�ŝŶƚĞƌĨĂĐĞ͘�dŚĞ�ƌĞƐƵůƚ�
ǁĂƐ�ĂŶ�ŝŶƚĞƌĂĐƟǀĞ�ĨŽƵŶƚĂŝŶ�ƚŚĂƚ�ŝƐ�ƉůĂĐĞĚ�ŝŶ�Ă�
ƌĞƐŝĚĞŶƟĂů�ĂƌĞĂ�ƚŽ�ĂĚĚ�ĂŶ�ĞǆƚƌĂ�ĚŝŵĞŶƐŝŽŶ�ƚŽ�
ƚŚĞ��ŚŝŶĞƐĞ�ƐŽĐŝĂů�ƚƌĂĚŝƟŽŶ�ŽĨ�ŚĂǀŝŶŐ�ĂŶ�ĞǀĞŶŝŶŐ�
ƐƚƌŽůů�ĂŌĞƌ�ĚŝŶŶĞƌ͘ �dŚĞ�ĨŽƵŶƚĂŝŶ�ŝƐ�Ă�ĐĂŶǀĂƐ�ŽŶ�
ǁŚŝĐŚ�Ă�ŐĂŵĞ�ŝƐ�ƉůĂǇĞĚ�ƚŚĂƚ�ƌĞƋƵŝƌĞƐ�ƚĞĂŵǁŽƌŬ͘�
hƐĞƌƐ�ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ƚŚĞ�ƐǇƐƚĞŵ�ďǇ�ŵĂŶŝƉƵůĂƟŶŐ�
ƚŚĞ�ĨŽƵŶƚĂŝŶ͛Ɛ�ǁĂƚĞƌ͘ ��Ɛ�ƚŚĞ�ŐŽĂů�ŽĨ�ƚŚŝƐ�
ǁŽƌŬƐŚŽƉ�ĂŶĚ�ƚŚĞ�ŐŽĂů�ŽĨ�ƚŚĞ�ŽŶŐŽŝŶŐ�ƉƌŽũĞĐƚ�
ǁĞƌĞ�ďŽƚŚ�ƚŽ�ĞŶŐĂŐĞ�ƉĞŽƉůĞ�ŝŶ�ĂŶ�ƵƌďĂŶ�ĐŽŶƚĞǆƚ�
ĂůƚŚŽƵŐŚ�ƚŚĞ�ĨŽƵŶƚĂŝŶƐ�ŐŽĂů�ĚŝīĞƌĞĚ�ĨƌŽŵ�ƚŚĞ�

ŐŽĂů�ŽĨ�ƚŚĞ�ŵĂŝŶ�ƉƌŽũĞĐƚ͕�ƚŚĞ�ŽďƐĞƌǀĂƟŽŶƐ�ǁĞƌĞ�
ǀĂůƵĂďůĞ�ƚŽ�ƚŚĞ�ŽŶŐŽŝŶŐ�ƉƌŽũĞĐƚ�ŝŶ�ƚŚĞ�ƐĞŶƐĞ�
ƚŚĂƚ�ƚŚĞ�ŽďũĞĐƚ�ĚŽĞƐ�ŶŽƚ�ŚĂǀĞ�Ă�ĐůĞĂƌůǇ�ǀŝƐŝďůĞ�
ŵŽĚĞ�ŽĨ�ŝŶƚĞƌĂĐƟŽŶ͘�dŚŝƐ�ŵĞĂŶƐ�ŝƚ�ŝƐ�ŶŽƚ�ĚŝƌĞĐƚůǇ�
ǀŝƐŝďůĞ�ĨŽƌ�ƚŚĞ�ƵƐĞƌ�ƚŚĂƚ�ƚŚĞ�ĨŽƵŶƚĂŝŶ�ŝƐ�ĂŶ�
ŝŶƚĞƌĂĐƟǀĞ�ŝŶƐƚĂůůĂƟŽŶ�ƵŶƟů�ƚŚĞǇ�ƐĞĞ�ŝƚ�ƌĞĂĐƟŶŐ�
ƚŽ�ƚŚĞŵ͘�dŚŝƐ�ĚŝƐĐŽǀĞƌǇ�ŚĂƐ�ďĞĞŶ�ƐĞĞŶ�ƚŽ�ƐƉĂƌŬ�
ƉĞŽƉůĞ͛Ɛ�ŝŶƚĞƌĞƐƚ�ŵƵĐŚ�ŵŽƌĞ�ƚŚĂŶ�ŝƚ�ĚŝĚ�ŝŶ�ƚŚĞ�
ƉƌĞǀŝŽƵƐ�ĞǆƉůŽƌĂƟŽŶ�;ƚŚĞ�ĐŚĂŽƐ�ǁĂůůͿ�ŝƚ�ŚĂƐ�
ďĞĞŶ�ĂƌŐƵĞĚ�ƚŚĂƚ�ŝƐ�ďĞĐĂƵƐĞ�Ă�ĨŽƵŶƚĂŝŶ�ŝƐ�ŵŽƌĞ�
ĐƵůƚƵƌĂůůǇ�ĚĞĮŶĞĚ�ƚŽ�ŶŽƌŵĂůůǇ�ŶŽƚ�ŚĂǀĞ�ƚŚĞ�
ŽƉƟŽŶ�ŽĨ�ƚǁŽ�ǁĂǇ�ŝŶƚĞƌĂĐƟŽŶ͘
dŚĞ�ŝŶƚĞƌĂĐƟǀĞ�ĨŽƵŶƚĂŝŶ�ǁĂƐ�ďƵŝůƚ�ƵƐŝŶŐ�Ă�<ŝŶĞĐƚ�
ƚŽ�ĚĞƚĞĐƚ�ƚŚĞ�ƵƐĞƌ͛Ɛ�ŚĂŶĚ�ŵŽǀĞŵĞŶƚƐ�ĨŽƌ�ƚŚĞ�
ĨŽƵŶƚĂŝŶ�ƚŽ�ƌĞĂĐƚ�ŽŶ͘
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�ǆƉůŽƌĂƟŽŶ͗�^ŚĂƉĞ͘
/Ŷ�ƚŚŝƐ�ĞǆƉůŽƌĂƟŽŶ�ŝƚ�ǁĂƐ�ƌĞƐĞĂƌĐŚĞĚ�ǁŚĂƚ�ƐŚĂƉĞ�
Žƌ�ƐŚĂƉĞƐ�ǁŽƵůĚ�ďĞ�ƐƵŝƚĂďůĞ�ĨŽƌ�ƚŚĞ�ƉŝĞĐĞ�ŽĨ�
ƉƵďůŝĐ�ĨƵƌŶŝƚƵƌĞ͘�dŚĞƌĞ�ǁĞƌĞ�ƚǁŽ�ƐƚĂƌƟŶŐ�ƉŽŝŶƚƐ͕�
ĮƌƐƚ�ƚŚĞ�ƐŚĂƉĞ�ŚĂĚ�ďĞ�ďĞ�ŝŶƚĞƌĞƐƟŶŐ�ƚŽ�ĚŝƐƉůĂǇ�
ŽŶ�ƐŽ�ƚŚĞ�ĨƵƌŶŝƚƵƌĞ�ƉŝĞĐĞ�ǁŽƵůĚ�ŶŽƚ�ũƵƐƚ�ďĞĐŽŵĞ�
Ă�ĐĂŶǀĂƐ�Žƌ�ƐĐƌĞĞŶ�ďƵƚ�ŚĂƐ�ĂĞƐƚŚĞƟĐ�ƋƵĂůŝƟĞƐ�ŽĨ�
ŝƚƐ�ŽǁŶ�ĂƐ�ǁĞůů͘��ŶĚ�ƐĞĐŽŶĚůǇ�ƚŚĞ�ƐŚĂƉĞ�ŚĂĚ�ƚŽ�
ďĞ�ĂďůĞ�ƚŽ�ĐŽŶƚƌŽůůĂďůǇ�ĐŚĂŶŐĞ�ƐŚĂƉĞ͘�^ƚĂƌƟŶŐ�
ĨƌŽŵ�Ă�ĐŽŵƉůĞƚĞůǇ�ŽƌŐĂŶŝĐ�ƐŚĂƉĞ�ƚŚĞƌĞ�ǁĂƐ�
ǁŽƌŬĞĚ�ƚŽǁĂƌĚƐ�Ă�ϯĚ�ƐŚĂƉĞ�ƚŚĂƚ�ǁŽƵůĚ�ǁŽƌŬ�ŽŶ�
ƚŚĞ�ĨƵƌŶŝƚƵƌĞ�ƉŝĞĐĞ͘
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ϭϲ

�ǆƉůŽƌĂƟŽŶ͗�
/ŶĨŽƌŵĂƟŽŶ�
ĚĞĐŽƌĂƟŽŶ͘
dŽ�ĐŽŵďŝŶĞ�ƚŚĞ�ŝŶǀŝƐŝďůĞ�ƐĞŶƐŽƌƐ�ǁŝƚŚ�
ŵĞĂŶŝŶŐĨƵů�ĚŝƐƉůĂǇŝŶŐ�ŵĞĂŶŝŶŐĨƵů�ŝŶĨŽƌŵĂƟŽŶ͕�
ƚŚŝƐ�ĞǆƉůŽƌĂƟŽŶ�ƚŽǁĂƌĚƐ�ŝŶĨŽƌŵĂƟŽŶ�ĚĞĐŽƌĂƟŽŶ�
ǁĂƐ�ĚŽŶĞ͘�dŚĞ�ŐŽĂů�ǁĂƐ�ƚŽ�ĮŶĚ�Ă�ǁĂǇ�ƚŽ�
ĚŝƐƉůĂǇ�ŶĞǁƐ�ŵĞƐƐĂŐĞƐ�ŝŶ�Ă�ǁĂǇ�ƚŚĂƚ�ƚŚĞ�ĨŽĐƵƐ�
ƐŚŝŌƐ�ĨƌŽŵ�ĂŶ�ŽǀĞƌǀŝĞǁ�ƚŚĂƚ�ĐĂŶ�ďĞ�ƐĞĞŶ�ĂŶĚ�
ƵŶĚĞƌƐƚŽŽĚ�ŝŶ�ƚŚĞ�ďůŝŶŬ�ŽĨ�ĂŶ�ĞǇĞ�ƚŽ�ĂŶ�ŝŶ�ĚĞƉƚŚ�
ĐŽǀĞƌŝŶŐ�ŽĨ�ƚŚĞ�ŵĞƐƐĂŐĞ�ƚŚĂƚ�ƌĞƋƵŝƌĞƐ�ŵŽƌĞ�
ƟŵĞ�ƚŽ�ƚĂŬĞ�ŝŶ͘��ŶĚ�ƚŽ�ƐĞĞ�ŚŽǁ�ƚŚĂƚ�ŝƐ�ƉŝĐŬĞĚ�ƵƉ�
ďǇ�ƚŚĞ�ƉĞŽƉůĞ�ŝŶƚĞƌĂĐƟŶŐ�ǁŝƚŚ�ƚŚĞ�ŝŶƐƚĂůůĂƟŽŶ͘
/ƚ�ǁĂƐ�ĨŽƵŶĚ�ƚŚĂƚ�ƚŚŝƐ�ŝŶƐƚĂůůĂƟŽŶ�ĂƩƌĂĐƚƐ�
ĂƩĞŶƟŽŶ�ŝŶ�ƚŚĞ�ƐĂŵĞ�ǁĂǇ�ĂƐ�ŚĂƉƉĞŶĞĚ�ŝŶ�ƚŚĞ�
ŝŶƐƚĂůůĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�ŝŶǀŝƐŝďůĞ�ƐĞŶƐŽƌƐ͘�WĞŽƉůĞ�
ǁĞƌĞ�ĂƩƌĂĐƚĞĚ�ƚŽ�ƚŚĞ�ŝŶƐƚĂůůĂƟŽŶ�ŝĨ�ƚŚĞƌĞ�ǁĂƐ�ĂŶ�
ŝŶƚĞƌĞƐƟŶŐ�ŵĞƐƐĂŐĞ�ƐŚŽǁŝŶŐ�ĂŶĚ�ǁŚĞŶ�Ă�ƉĞƌƐŽŶ�
ǁĂƐ�ĐůŽƐĞ�ƚŽ�ƚŚĞ�ƐĐƌĞĞŶ�ĂŶĚ�ƚŚĞƌĞ�ǁĂƐ�ŽŶůǇ�ƚĞǆƚ�
ĚŝƐƉůĂǇŝŶŐ�ŝƚ�ĐĂƵŐŚƚ�ƚŚĞ�ĂƩĞŶƟŽŶ�ŽĨ�ŽƚŚĞƌƐ�ĂŶĚ�ŝŶ�

Ă�ĨĞǁ�ĐĂƐĞƐ�ĞǀĞŶ�ƐƉĂƌŬĞĚ�Ă�ĐŽŶǀĞƌƐĂƟŽŶ͘
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ϭϴ

dŚĞ�ĐŽŶĐĞƉƚ
dŚĞ�ƚŚƌĞĞ�ĞǆƉůŽƌĂƟŽŶ�ĚŝƌĞĐƟŽŶƐ�ĐŽŵĞ�ƚŽŐĞƚŚĞƌ�
ŝŶ�ŽŶĞ�ƉƌŽĚƵĐƚ͘�dŚĞ�^ƉĞĂŬĞƌƐ�WĂŶĞůƐ͕�ƚŚĞ�
^ƉĞĂŬĞƌƐ�WĂŶĞůƐ�ĂƌĞ�ŵŽĚƵůĂƌ�ƉĂŶĞůƐ�ƚŚĂƚ͕�ĂůŽŶĞ�
Žƌ�ƚŽŐĞƚŚĞƌ͕ �ĨŽƌŵ�Ă�ƉŝĞĐĞ�ŽĨ�ƐƚƌĞĞƚ�ĨƵƌŶŝƚƵƌĞ͘�
KŶĐĞ�ƚŚĞǇ�ĂƌĞ�ƉůĂĐĞĚ�ŝŶ�ĂŶ�ƵƌďĂŶ�ĐŽŶƚĞǆƚ͕�ƚŚĞǇ�
ƐŚŽǁ�Ă�ŵĞƐƐĂŐĞ͘�dŚŝƐ�ŵĞƐƐĂŐĞ�ŝƐ�Ă�ůŽĐĂů�ŶĞǁƐ�
ŵĞƐƐĂŐĞ�ƚŚĂƚ�ŝƐ�ŐĞƫŶŐ�ĐŽŵŵĞŶƚĞĚ�ŽŶ�ŝŶ�ƚŚĞ�
ĚŝŐŝƚĂů�ƐƉĂĐĞ�ǀŝĂ�ƐŽĐŝĂů�ŵĞĚŝĂ͘�
WůĂĐŝŶŐ�ƚŚŝƐ�ŵĞƐƐĂŐĞ�ŝŶ�ƚŚĞ�ƉŚǇƐŝĐĂů�ƐƉĂĐĞ�ŐŝǀĞƐ�
ĂŶ�ĞŶƟƌĞůǇ�ŶĞǁ�ĚŝŵĞŶƐŝŽŶ�ƚŽ�Ă�ĚŝƐĐƵƐƐŝŽŶ�
ƚŚĂƚ�ǁĂƐ�ƵŶƟů�ƚŚŝƐ�ƉŽŝŶƚ�ŽŶůǇ�ŐŽŝŶŐ�ŽŶ�ŽŶůŝŶĞ͕�
ĚŝŐŝƚĂůůǇ͘�dŚŝƐ�ŝƐ�ǁŚĂƚ�^ƉĞĂŬĞƌƐ�WĂŶĞůƐ�ŝƐ�ďĂƐĞĚ�
ŽŶ͕�ƌĞŝŶǀĞŶƟŶŐ�ĚŝƐĐƵƐƐŝŽŶƐ�ĂŵŽŶŐ�ƉĞŽƉůĞ�ŽŶ�
ƚŚĞ�ƐƚƌĞĞƚ͕�ĂƐ�ŚĂƐ�ďĞĞŶ�ŚĂƉƉĞŶŝŶŐ�ŝŶ�ƉůĂĐĞƐ�ƐƵĐŚ�
ĂƐ�ƐƉĞĂŬĞƌƐ�ĐŽƌŶĞƌ�ŝŶ�>ŽŶĚŽŶ�;h<Ϳ͘
�Ƶƚ�ƚŽ�ƌĞĂůůǇ�ďƌŝŶŐ�ƚŚĞ�ƉŚǇƐŝĐĂů�ĂŶĚ�ĚŝŐŝƚĂů�
ŝŶƚĞƌĂĐƟŽŶ�ƐƉĂĐĞ�ĂƌŽƵŶĚ�ƚŚĞƐĞ�ĚŝƐĐƵƐƐŝŽŶƐ�
ƚŽŐĞƚŚĞƌ͕ �ŝƚ�ŝƐ�ŶŽƚ�ĞŶŽƵŐŚ�ƚŽ�ũƵƐƚ�ĚŝƐƉůĂǇ�Ă�ŶĞǁƐ�



19

ĨĞĞĚ͘�dŚĞ�ŽďũĞĐƚ�ŝƚƐĞůĨ�ŚĂƐ�ƚŽ�ĞŶŐĂŐĞ�ƉĞŽƉůĞ�
ƚŽŽ͘�/ƚ�ƚŚĞƌĞĨŽƌĞ�ŚĂƐ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ŽīĞƌ�Ă�ƐĞĂƚ�
ƚŽ�ƉĂƐƐĞƌƐ�ďǇ͘�dŚŝƐ�ĞŶĂďůĞƐ�ƚŚĞ�^ƉĞĂŬĞƌƐ�WĂŶĞůƐ�
ƚŽ�ĂůƐŽ�ďĞ�Ă�ƉůĂĐĞ�ǁŚĞƌĞ�ŝƚƐ�ƵƐĞƌƐ�ĐĂŶ�ũŽŝŶ�ƚŚĞ�
ĐŽŶǀĞƌƐĂƟŽŶ�ŝŶ�ƚŚĞ�ĚŝŐŝƚĂů�ǁŽƌůĚ�ŝĨ�ƚŚĞ�ƉŚǇƐŝĐĂů�
ǁŽƌůĚ�ŝƐ�ŶŽƚ�ŐŝǀŝŶŐ�ƚŚĞŵ�ĂŶǇ�ƉĞŽƉůĞ�ƚŽ�ƚĂůŬ�ƚŽ͘
/Ŷ�ŝƚƐ�ŶĞƵƚƌĂů�ƐƚĂƚĞ�ƚŚĞ�^ƉĞĂŬĞƌƐ�WĂŶĞůƐ�ƐŚŽǁ�
ŶĞǁƐ�ŝƚĞŵƐ�ƚŚĂƚ�ĂƌĞ�ŐĞŶĞƌĂƟŶŐ�ĂƩĞŶƟŽŶ�ŝŶ�ƚŚĞ�
ĚŝŐŝƚĂů�ƐƉĂĐĞ͘�dŚĞƐĞ�ŶĞǁƐ�ŝƚĞŵƐ�ĂƌĞ�ĂůƐŽ�Ă�ƉŝĞĐĞ�
ŽĨ�ŝŶĨŽƌŵĂƟŽŶ�ĚĞĐŽƌĂƟŽŶ�ƚŚĂƚ�ŝŶƚĞƌĂĐƚƐ�ǁŚĞŶ�
ƉĞŽƉůĞ�ǁĂůŬ�ďǇ͘�&ƌŽŵ�ĂĨĂƌ͕ �ƚŚĞ�ƉĂŶĞů�ƐŚŽǁƐ�Ă�
ŚĞĂĚůŝŶĞ�ĂŶĚ�ĂŶ�ŝŵĂŐĞ�ƚŚĂƚ�ŐŽĞƐ�ǁŝƚŚ�ŝƚ͘�tŚĞŶ�Ă�
ƉĞƌƐŽŶƐ�ŝŶƚĞƌĞƐƚ�ŝƐ�ŐƌĂďďĞĚ͕�ƚŚĞ�ƉŝĐƚƵƌĞ�ĐŚĂŶŐĞƐ�
ŝŶƚŽ�ƚŚĞ�ƚĞǆƚ�ŽĨ�ƚŚĞ�ŶĞǁƐ�ŝƚĞŵ�ĂƐ�ƚŚĞ�^ƉĞĂŬĞƌƐ�
WĂŶĞů�ŝƐ�ĂƉƉƌŽĂĐŚĞĚ�ĞŶĚŝŶŐ�ǁŝƚŚ�ƐŚŽǁŝŶŐ�ƚŚĞ�
ĞŶƟƌĞ�ŵĞƐƐĂŐĞ�ĂŶĚ�ƉĂƌƚƐ�ŽĨ�ƚŚĞ�ĐŽŶǀĞƌƐĂƟŽŶ�
ƚŚĂƚ�ŝƐ�ŐŽŝŶŐ�ŽŶ�ĂďŽƵƚ�ŝƚ͘�
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,ƵŵĂŶ�ĨĂĐƚŽƌƐ
dŚĞ�ĚŝŵĞŶƐŝŽŶƐ�ŽĨ�Ă�ƉŝĞĐĞ�ŽĨ�ƉƵďůŝĐ�ĨƵƌŶŝƚƵƌĞ�ĂƌĞ�
ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚŚĞ�ƉĞŽƉůĞ�ŵĂŬŝŶŐ�ƵƐĞ�ŽĨ�ŝƚ͘�dŚĞ�
ƐŝǌĞ�ŽĨ�ƚŚĞ�ƐƉĞĂŬĞƌƐ�ƉĂŶĞůƐ�ĂƌĞ�ƚŚĞƌĞĨŽƌĞ�ĚĞĮŶĞĚ�
ďǇ�͚͛ƚŚĞ�ϱϬ�ƉĞƌĐĞŶƟůĞ�ŵĂŶ͟�ĂƐ�ŝƐ�ƵƐƵĂů�ĨŽƌ�ƉƵďůŝĐ�
ĨƵƌŶŝƚƵƌĞ͘�
�Ɛ�ǁĂƐ�ĚĞĐŝĚĞĚ�ŝŶ�ƚŚĞ�ĞǆƉůŽƌĂƟŽŶƐ�ƚŽ�ƚŚĞ�ƐŚĂƉĞ�
ŽĨ�ƚŚĞ�ƉƵďůŝĐ�ŽďũĞĐƚ͕�Ă�ĚĞĮŶĞĚ�ƐŚĂƉĞ�ŝƐ�ĐŚŽƐĞŶ�
ĨŽƌ�ƚŚŝƐ�ŽďũĞĐƚ�ĨƌŽŵ�ƚŚĞ�ƉĞƌƐƉĞĐƟǀĞ�ŽĨ�ƉƌŽƚŽƚǇƉ-
ŝŶŐ�ĨĞĂƐŝďŝůŝƚǇ͘�dŚŝƐ�ŵĂŬĞƐ�ƚŚĞ�ƵƐĞ�ŽĨ�Ă�ϱϬ�ƉĞƌĐĞŶ-
ƟůĞ�ƉĞƌƐŽŶ�ŶĞĐĞƐƐĂƌŝůǇ�ĂůƚŚŽƵŐŚ�ŝƚ�ĚŽĞƐ�ŶŽƚ�Įƚ�
ǁŝƚŚ�ƚŚĞ�ŶŽƟŽŶ�ŽĨ�ŚĂǀŝŶŐ�Ă�ĨƵůůǇ�ŇĞǆŝďůĞ�ƉƌŽĚƵĐƚ͘�
/Ŷ�ƚŚĞ�ĨƵƚƵƌĞ͕�Ă�ƐƉĞĂŬĞƌƐ�ƉĂŶĞů�ĐŽƵůĚ�ďĞ�ĞǀĞŶ�
ŵŽƌĞ�ĂĚĂƉƚĂďůĞ�ďǇ�ďĞŝŶŐ�ĂďůĞ�ƚŽ�ĐŚĂŶŐĞ�ŝŶ�ŵŽƌĞ�
ĚŝŵĞŶƐŝŽŶƐ͘�
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Inner piston tube

Threaded rod

Outer piston tube

DŽĚŝĮĞĚ�ǁŝŶŐĞĚ�ŶƵƚ

Mechanical end stop

Axle coupler

Stepper motor

^ĐĂůĞ�ŵŽĚĞů
&Žƌ�ĐŽŶĐĞƉƚ�ƉƌĞƐĞŶƚĂƟŽŶ�ƉƵƌƉŽƐĞƐ͕�Ă�ƐĐĂůĞ�
ŵŽĚĞů�ŽĨ�^ƉĞĂŬĞƌ�WĂŶĞůƐ�ǁĂƐ�ĐƌĞĂƚĞĚ͘�dŚĞ�
ŐŽĂů�ĨŽƌ�ƚŚŝƐ�ŵŽĚĞů�ǁĂƐ�ƚŽ�ďĞ�ĂďůĞ�ƚŽ�ƐŚŽǁ�ƚŚĞ�
ŬŝŶĞƟĐ�ƉĂƌƚ�ĂƐ�ǁĞůů�ĂƐ�ƚŚĞ�ƉƌŽũĞĐƟŽŶƐ�ƉĂƌƚ͘�dŚŝƐ�
ŵĞĂŶƚ�ĮƌƐƚ�ƚŽ�ďƵŝůĚ�Ă�ůŝŶĞĂƌ�ĂĐƚƵĂƚŽƌ�ƚŽ�ŵĂŬĞ�
ƚŚĞ�WĂŶĞů�ŵŽǀĞ�ƵƉ�ĂŶĚ�ĚŽǁŶ͘�/ƚ�ǁĂƐ�ĚĞĐŝĚĞĚ�
ƚŽ�ŵĂŬĞ�Ă�ĚƵƌĂďůĞ�ĂĐƚƵĂƚŽƌ�ƐŽ�ƚŚĞ�ƐĐĂůĞ�ŵŽĚĞů�
ǁŽƵůĚ�ďĞ�ĂďůĞ�ƚŽ�ƌƵŶ�ĨŽƌ�Ă�ĂŶ�ĞǆƚĞŶĚĞĚ�ƉĞƌŝŽĚ�
ŽĨ�ƟŵĞ�ĂƐ�ŝƚ�ǁĂƐ�ŐŽŝŶŐ�ƚŽ�ďĞ�ƵƐĞĚ�ŝŶ�ĚŝīĞƌĞŶƚ�
ƉƌĞƐĞŶƚĂƟŽŶƐ͘�dŚĞ�ĂĐƚƵĂƚŽƌ�ŚĂƐ�ĂŶ�ŵĞĐŚĂŶŝĐĂů�
ĞŶĚ�ƐƚŽƉ�ƚŚĂƚ�ŝƐ�ƵƐĞĚ�ĨŽƌ�ĐĂůŝďƌĂƟŽŶ�Ăƚ�ƚŚĞ�
ƐƚĂƌƚƵƉ�ŽĨ�ƚŚĞ�ƐǇƐƚĞŵ͘�dŚĞ�ƌĞƐƚ�ŽĨ�ƚŚĞ�ĂĐƚƵĂƚŽƌ�
ĐŽŶƐŝƐƚƐ�ŽĨ�Ă�ƉŝƐƚŽŶ�ŵĂĚĞ�ŽĨ�Ws��ƚƵďŝŶŐ͕�Ă�
ƚŚƌĞĂĚĞĚ�ƌŽĚ�ĂŶĚ�Ă�ǁŝŶŐĞĚ�ŶƵƚ�ƚŚĂƚ�ŝƐ�ŵŽĚŝĮĞĚ�
ďǇ�ĐƵƫŶŐ�Žī�ŽŶĞ�ŽĨ�ŝƚƐ�ǁŝŶŐƐ͘�EĞǆƚ�ƚŽ�ĚƵƌĂďŝůŝƚǇ͕�
ƐƚĂďŝůŝƚǇ�ǁĂƐ�ŝŵƉŽƌƚĂŶƚ�ƚŽŽ͘�DĞĂŶŝŶŐ�ƚŚĂƚ�ƚŚĞ�
ŝŶĚŝǀŝĚƵĂů�ƉĂƌƚƐ�ŽĨ�ƚŚŝƐ�ƉŝƐƚŽŶ�ƐŚŽƵůĚ�ĂƌĞ�ĮƫŶŐ�
ƐŶƵŐůǇ�ƚŽ�ĂǀŽŝĚ�ƉůĂǇ͘
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dŚĞ�ďŽĚǇ�ŽĨ�ƚŚŝƐ�ƐĐĂůĞ�ŵŽĚĞů�ŝƐ�ŵĂĚĞ�ŽƵƚ�ŽĨ�
ĨŽĂŵďŽĂƌĚ�ĂŶĚ�ƉĂƉĞƌ�ďŽƚŚ�ŵĂƚĞƌŝĂůƐ�ǁĞƌĞ�ĐŚŽ-
ƐĞŶ�ĨŽƌ�ƚŚĞŝƌ�ĐůĞĂŶ�ůŽŽŬƐ�ĂŶĚ�ƚŚĞ�ĨĂĐƚ�ƚŚĞǇ�ĂƌĞ�
ĞĂƐǇ�ƚŽ�ǁŽƌŬ�ǁŝƚŚ͘�
dŚĞ�ŵŽĚĞů�ƐŚŽǁƐ�^ƉĞĂŬĞƌƐ�WĂŶĞůƐ�ĂƌƌĂŶŐĞĚ�ŝŶ�Ă�
ŚĞǆĂŐŽŶ�ƐŚĂƉĞ͕�ƚŚŝƐ�ŵĞĂŶƚ�ĐƵƫŶŐ�ƚŚĞ�ĞĚŐĞƐ�ŽĨ�
ƚŚĞ�ĨŽĂŵďŽĂƌĚ�ǁŝƚŚ�ĂŶ�ĂŶŐůĞ͘���ƐƉĞĐŝĂů�ƚŽŽů�ǁĂƐ�
ďƵŝůƚ�ƚŽ�ƌĞůŝĂďůǇ�ĚŽ�ƚŚĂƚ�ƐŽ�ƚŚĞ�ƉĂŶĞůƐ�ǁŽƵůĚ�Įƚ�
ƚŽŐĞƚŚĞƌ�ƉĞƌĨĞĐƚůǇ͘
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Straight edge

�ŶŐůĞĚ�ĐƵƫŶŐ�ďůŽĐŬ

Scalpel

Material



Ϯϲ

dŚĞ�ĐĂƉĂĐƟǀĞ�ƐĞŶƐŽƌƐ�ĂƌĞ�ĂůƐŽ�ďƵŝůƚ�ŝŶƚŽ�ƚŚĞ�ƐĞĂƚƐ�
ŽĨ�ƚŚĞ�ŵŽĚĞů͘�dŚĞǇ�ĂƌĞ�ůĂŵŝŶĂƚĞĚ�ďĞƚǁĞĞŶ�ƚǁŽ�
ƉŝĞĐĞƐ�ŽĨ�ƉĂƉĞƌ�ƐŽ�ƚŚĞǇ�ĂƌĞ�ŝŶǀŝƐŝďůĞ͘

Arduino pinArduino pin

1M ohm resistor

ĐĂƉĂĐŝƟǀĞ
surface
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ϯϬ

ZĞĨĞƌĞŶĐĞs
ϭ͘�WƌŽũĞĐƚ��ĞƐĐƌŝƉƟŽŶ͖�'ƌŽǁŝŶŐ�ƐǇƐƚĞŵƐ� 
ʹ�ŵĂŬŝŶŐ�ƚŚĞ�ǀŝƌƚƵĂů�ĐŝƚǇ�ĂĐĐĞƐƐŝďůĞ�ŝŶ�ƚŚĞ� 
ƉŚǇƐŝĐĂů;����^/^�WƌŽũĞĐƚΎͿ��ƉƉĞŶĚŝǆ�ϭ 
Ϯ͘�dŚĞ�ĐŝƚǇ�ĂƐ�/ŶƚĞƌĨĂĐĞ͕��ŝŐŝƚĂů�ŵĞĚŝĂ�ĂŶĚ�ƚŚĞ� 
hƌďĂŶ�WƵďůŝĐ�^ƉŚĞƌĞ͘��͘'͘D͘�ĚĞ�tĂĂů 
ϯ͘�^ŚĂƉŝŶŐ�dŚŝŶŐƐ͕��ƌƵĐĞ�^ƚĞƌůŝŶŐ

4. J. Hu, and L. M. G. Feijs, “An Agent-based Architecture for Distributed Interfaces and Timed Media in a Storytelling Application,” in The 2nd International Joint Conference on Autonomous Agents and Multiagent Systems (AAMAS-03), Melbourne, 
Australia, 2003, pp. 1012-1013.
5. J. Hu, and L. Feijs, “An Adaptive Architecture for Presenting Interactive Media onto Distributed Interfaces,” in The 21st IASTED International Conference on Applied Informatics (AI 2003), Innsbruck, Austria, 2003, pp. 899-904.
6. J. Hu, and L. Feijs, “IPML: Structuring Distributed Multimedia Presentations in Ambient Intelligent Environments,” International Journal of Cognitive Informatics \& Natural Intelligence (IJCiNi), vol. 3, no. 2, pp. 37-60, 2009.
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1

Growing systems – making the virtual city accessible in 

the physical (A DESIS Project*) 

 

* Partially to be executed in China, in cooperation with students from Jiangnan University
* Students are expected to travel to China during the SDL weeks.
 
Introduction and background project 

Systems design is a new challenge in the field of Industrial Design. It breaks the 
‘one person – one product’ dictum in favor of a system of (interactive) products 
consisting of many ‘nodes’. The systems under investigation are woven into the 
social fabric of our lives and form, more then ever before, an integral part of it. 
Societal relevance is not optional but a necessity for this new field of design. 

The systems that we envision grow. They build on the old, are ready for the new 
and are open for appropriation by their users. The design challenge is an open one 
and is best tackled by an experiential approach. 

Currently the city around us is coming to life in the digital world. How this digital 
city becomes meaningful to us remains to be seen but the first signs point towards 
visual solutions like augmented reality (e.g. layar) or SMS-messages. Imagine and 
go beyond scenarios like a cinema that contacts you with a deal on the last to 
tickets to the movie that is about to start when you walk by, or a grocery store that 
advertises their vegetables that are about to expire. While these examples 
illustrate part of this project, the project is not just about location dependent 
advertisement or location based services per se. You are encouraged to find new 
areas for this system to grow in, within the limits of the design challenge. 
 
One of the ways to approach it is for example interactive public art installations. 
The current development in digital public arts involves a significant amount of new 
carriers in not only material, but also in technology, resulting new dynamic and 
interactive forms that require the artists and designers to construct their work 
from a system view and with a good understanding of human-system interaction 
and related interface technologies. It is no longer about carving stones and casting 
bronze; it is time to sculpture the interactive experience. 
 

Design challenges / research questions 

The design challenge in this project is to find ways to design a physical locus of 
interaction, a specific, physical device that opens the ‘digital’ action possibilities of 
a city to the physical. While the context is the city, it is up to the designer focus the 
design challenge within that context.  

The big challenge of course is to let a 'generic' device grow into different 
meaningful forms and shapes dependent on the context of use, or the specific 
location in a city. Operationalize the concept of context dependent action-
possibilities. 

Inspired by the theory of affordances (ecological perception) and phenomenology 
that identify that the (physical) world is a meaningful place and that focus on the 
lived experience we want you to focus on meaningful and rich interaction. Think 
‘morphing’ shape rather than changing graphics; think physical controls rather than 
touch screens; think  specific rather than generic; 

�ƉƉĞŶĚŝǆ�ϭ
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Stakeholders 
 

This project is expected to be executed in cooperation with students from 
School of Digital Media, Jiangnan University, at the Center for Social and 
Cultural Computing in Taicang, China. Selected students will be travelling 
to China during the SDL weeks, working together with their Chinese team 
members. The travel cost will be partially funded, and the accommodation 
will be fully covered. 

 
Center for Social and Cultural Computing 
Science and Education New Town, Taicang, China 
 
School of Digital Media, Jiangnan University, Wuxi. China 

DESIS Network. www.desis-network.org 

TU/e DESIS Lab. http://www.desis-network.org/content/tue-desis-lab 

Joep Frens is an Assistant Professor in the DQI group. He is interested in designing 
for growing systems and in design in general. You might know him of the cardboard 
models that he makes. 

Jun Hu is an Assistant Professor in the DI group, and a Guest Professor at School of 
Digital Media, Jiangnan University. His current research activities are directed 
towards Design Research on Social Computing. 

Mathias Funk is a Postdoctoral Researcher in the Designed Intelligence group, 
focusing on remote data collection and adaptive systems, but enjoys working ‘out 
of control’ with technologies from sound/video processing to the web. He is also 
co-founder of the TU/e spin-off UXsuite. In this project, he is most interested in the 
way people interact with and take ownership of a growing device, but also how the 
device has an impact in a network or system of such devices. 
 
 
Development theme 

Recently we have connected to the DESIS (Design for Social Innovation and 
Sustainability) network by setting up a TU/e DESIS lab within Out of Control. The 
DESIS network promotes design for social innovation and sustainability and consists 
of ‘a constellation of autonomous but interconnected DESIS Labs. Given this system 
architecture it offers the very unique possibility to integrate local and global points 
of view and to promote open design programs where a variety of projects 
converge, tackling complex problems and generating larger scenarios’ . In our lab 
we wish to actively contribute to the DESIS vision by opening up the design space 
towards open and growing systems. We wish to exploit our making skills as a 
powerful mechanism for design and showcase an experience-able series of design 
proposal towards a more social and sustainable way of living and working. 
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