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([SHQVLYH�SHU�0LOH��EXW«������������������������������������������������������������0DQ\�WR�SD\�IRU�LW

&KHDSHU�SHU�0LOH�YV�&KHDSHU�SHU�6TXDUH�0LOH



:KDW�DUH�WKH�5HDOLWLHV�RI�7��$XWR�2ULHQWHG�6XEXUEDQ�
&RPPHUFLDO�DQG�7��:DONDEOH�0L[HG�8VH�(QYLURQPHQWV"�

7��8UEDQ7��6XEXUEDQ)HDWXUH

8QLIRUP��3XEOLF��0DQ\5DQGRP��3ULYDWH��3DWKHWLF6WUHHW�7UHHV
������PSK��PDQ\�SHG�FURVVLQJV������PSK��IHZ�SHG�FURVVLQJV$UWHULDO�6WUHHWV

6KDUHG��ULJKW�VL]HG7RR�PXFK��8QGHUXWLOL]HG2II�6WUHHW�3DUNLQJ
6LJQLILFDQW��KHDYLO\�XVHG1RQ�H[LVWHQW�RU�EDUHO\�XVHG2Q�6WUHHW�3DUNLQJ

�IW���EXIIHUHG��WUHHV�	�IXUQLWXUH7RNHQ�����IHHW��ZHHGV6LGHZDONV

,QFUHDVLQJO\�'HVLUDEOH�)DFLOLWLHV)RU�$WKOHWHV�	�WKH�)HDUOHVV%LNHV��/RZ�6SHHG�
9HKLFOHV

���PLQ�LV�FRPPRQ������PLQ��LI�DW�DOO7UDQVLW
��WR���DFUHV�SHU�EORFN��WR����DFUHV�SHU�EORFN%ORFN�6L]HV

&RQQHFWHG��FRQJHVWV�DIWHU�KLJK�
GHQVLWLHV

'LVFRQQHFWHG��&RQJHVWHG�DW�ORZ�
GHQVLWLHV1HWZRUN

����WR������)RUP�%DVHG�=RQLQJ����WR������6HJUHJDWHG�8VHV)$5������DFUHV����=RQLQJ
%LJ�0DUNHW�IRU�0L[HG�8VH5HSHOV�5HVLGHQWLDO/DQG�8VH�2SSRUWXQLWLHV

'27V�FDQ�KHOS�SURYLGH�H[FHOOHQW�
6WUHHW�7UHHV��UHGXFHG�VSHHGV��
IUHTXHQW�SHGHVWULDQ�FURVVLQJV��RQ�
VWUHHW�SDUNLQJ�ZKHUH�DSSURSULDWH��
JRRG�VLGHZDONV��EHWWHU�ELNLQJ�RU�
³VORZ�ODQHV´��IRU�ELNH�OLNH�IRXU�
ZKHHOHUV����

7KH\�FDQ�DOVR�SURYLGH�
³3ODFHPDNLQJ�$OWHUQDWLYH�
,QWHUVHFWLRQV�´

$OO�HOVH�XVXDOO\�UHTXLUHV�D�FLW\�WR�
PDNH�LW�KDSSHQ��1&'27�
LQYHVWPHQW�WR�FDWDO\]H�ZDONDEOH�
PL[HG�XVHV�RQO\�PDNHV�VHQVH�LI�
WKH�FLW\�LV�GRLQJ�DOO�WKH\�FDQ�WR�
UHGXFH�REVWDFOHV�WR�PL[HG�XVH�
GHYHORSPHQW���:LWKRXW�PRVW�RI�
WKLV��LW�PD\�QRW�ZRUN�ZHOO�

�)$5� �)ORRU�$UHD�5DWLR



+LJKHU�GHQVLW\�
PL[HG�XVH�DUHDV�
KHOS�RIIVHW�PRUH�
H[SHQVLYH�VXEXUEDQ�
UHVLGHQWLDO�DQG�
FRPPHUFLDO��



:HEVLWH�ZLWK�5HVHDUFK�6XPPDULHV��
%HIRUH�$IWHU�6OLGHUV�

XUEDQLQQRYDWRUV�FRP�SU�QFGRW�DL�UHVHDUFK
2U�MXVW�JR�WR�8UEDQ,QQRYDWRUV�FRP�DQG�ILQG�³3URMHFWV´



2XU�³%LJ�,GHDV´�IRU�&RQYHUWLQJ�6WURDGV�LQWR�
&RPSOHWH�6WUHHWV�	�&DWDO\]LQJ�0L[HG�8VHV
� ³6ORZ�/DQHV´�IRU�%LNHV��&DUV��7UDQVLW�± DQ\WKLQJ�JRLQJ�³%LNH�6SHHG´
� &RQYHUW�SULYDWH�SDUNLQJ�LQWR�RQ�VWUHHW�SXEOLF�SDUNLQJ
� 1HLJKERUKRRG�(OHFWULF�9HKLFOHV��DND��³7LQ\�&DUV´�RU�³*ORULILHG�*ROI�&DUWV´�
� 3ODFHPDNLQJ�$OWHUQDWLYH�,QWHUVHFWLRQV��4XDGUDQWV��8�7XUQV��2QH�:D\V



��



1HLJKERUKRRG�(OHFWULF�9HKLFOHV

DĐ/ŶƚŽƐŚ ,ŝŐŚ͕
WĞĂĐŚƚƌĞĞ͕ '�

ϭϭϬ
�ĂƌƐ
ƉĞƌ
ĂĐƌĞ

ϮϱϬ
͞�ĂƌƚƐ
ƉĞƌ
ĂĐƌĞ͟

ϰϬй�ŽĨ�Ăůů�
ǀĞŚŝĐůĞƐ�ĂƌĞ�ŝŶ�
ƚŚĞ�ƉŝŶŬ�ĂƌĞĂ'ŽůĨ�ĐĂƌƚƐ�ĂŶĚ�ƚŝŶǇ�ĐĂƌƐ�ĂƌĞ�ƉŽƉƵůĂƌ�Ăƚ�DĐ/ŶƚŽƐŚ�,ŝŐŚ�^ĐŚŽŽů�ŝŶ�WĞĂĐŚƚƌĞĞ͕�'ĞŽƌŐŝĂ͘�

͞ϮͲĐĂƌ�ŚŽƵƐĞŚŽůĚƐ͕͟ �ĂƌĞ�ďĞĐŽŵŝŶŐ�͞ϭͲĐĂƌ͕ �ϭͲĐĂƌƚ͟

�ĂƚƚĞƌǇ�ŝŵƉƌŽǀĞŵĞŶƚƐ�ĂƌĞ�ŵĂŬŝŶŐ�͞ƚŝŶǇ�ĐĂƌƐ͟�ĂĨĨŽƌĚĂďůĞ�ĂŶĚ�
ƉƌĂĐƚŝĐĂů�ĨŽƌ�ƐŚŽƌƚ�ŶĞŝŐŚďŽƌŚŽŽĚ�ƚƌŝƉƐ�ʹ ƚŚĞ�ŵĂũŽƌŝƚǇ�ŽĨ�Ăůů�ƚƌŝƉƐ͘�

͞DŽǀŝŶŐ�^ŝĚĞǁĂůŬ͟�ƐŚƵƚƚůĞ͕�ĂŶĚ�ƚǁŽ�ƚŝŶǇ�ĐĂƌƐ�Ĩŝƚ�ŝŶ�ŽŶĞ�ƉĂƌŬŝŶŐ�
ƐƉĂĐĞ͕�Ăƚ�͞dŚĞ�sŝůůĂŐĞƐ͟�ŝŶ�&ůŽƌŝĚĂ

��



^ƋƵĂƌĞ�&ŽŽƚ��ŶĂůǇƐŝƐ͕�WĞƌĐĞŶƚĂŐĞ�hƐĞ��ŶĂůǇƐŝƐ

ͻ dŚĞ�ĨŽůůŽǁŝŶŐ�ƐůŝĚĞƐ�ǁĞƌĞ�ĚĞǀĞůŽƉĞĚ�ďǇ�ĐƌĞĂƚŝŶŐ�ƉŽůǇŐŽŶƐ�
ŝŶ��ƵƚŽĐĂĚ ŽĨ�ƚŚĞ�ĞŶƚŝƌĞ�'ƌĞĞŶǀŝůůĞ�ƐƚƵĚǇ�ĂƌĞĂ͕�ĂŶĚ�Ă�
ǁĂůŬĂďůĞ�ďůŽĐŬ�ŝŶ�EĞǁ��ĞƌŶ͘��

ͻ dŚĞ�ƐƋƵĂƌĞ�ĨĞĞƚ�ŝŶ�ĞĂĐŚ�ĐĂƚĞŐŽƌǇ�ǁĞƌĞ�ƚŽƚĂůĞĚ͕�ĂŶĚ�
ĐŽŶǀĞƌƚĞĚ�ŝŶƚŽ�͞ĂĐƌĞƐ�ŽĨ�ͺͺͺ͕�ƉĞƌ�ŚƵŶĚƌĞĚ�ĂĐƌĞƐ͟�;ŝ͘Ğ͕͘�
ƉĞƌĐĞŶƚͿ͘��

ͻ ��ĐŽŽů�ƐƉƌĞĂĚƐŚĞĞƚ�ǁĂƐ�ĐƌĞĂƚĞĚ�ƵƐŝŶŐ�Ă�͞tĂĨĨůĞ��ŚĂƌƚ͟�
ƚĞĐŚŶŝƋƵĞ͘��^ĞĂƌĐŚ�ĨŽƌ͗
ඵ ͞'ƌĞĞŶǀŝůůĞͺEĞǁ�ĞƌŶͺ^Ƌ&ƚͺtĂĨĨůĞ�ŚĂƌƚͺ�ŶĂůǇƐŝƐ͘ǆůƐǆ͟



'ƌĞĞŶǀŝůůĞ��ŽƵŶĚĂƌǇ



'ƌĞĞŶǀŝůůĞ��ŽƵŶĚĂƌǇ



'ƌĞĞŶǀŝůůĞ�WŽƚĞŶƚŝĂů�ZKt



'ƌĞĞŶǀŝůůĞ�WŽƚĞŶƚŝĂů�ZKt



�ŽǁŶƚŽǁŶ�EĞǁ��ĞƌŶ͕�E�



�ŽǁŶƚŽǁŶ�EĞǁ��ĞƌŶ͕�E�





*URXQG�)ORRU�
$FUHV����

)RU�HYHU\�����$FUHV�RI�6WXG\�$UHD�

$ERYH�*URXQG�$FUHV����

1HZ�%HUQ�%XLOGLQJV *UHHQYLOOH�%XLOGLQJV

*URXQG�)ORRU�
$FUHV����

$ERYH�*URXQG�
$FUHV���

)ORRU�$UHD�5DWLR��RU�)$5��LV������RU����6)�
RI�EXLOGLQJ�IRU�HYHU\�����6)�RI�JURXQG

)$5��LV������RU����6)�RI�EXLOGLQJ�IRU�HYHU\�
����6)�RI�JURXQG

1HZ�%HUQ�GHQVLW\�LV�RYHU��[�
KLJKHU�WKDQ�*UHHQYLOOH
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$FUHV�RI�3ULYDWH�
3DUNLQJ����

)RU�HYHU\�����$FUHV�RI�6WXG\�$UHD�

$FUHV�RI�2Q�6WUHHW�
3DUNLQJ���

$FUHV�RI�3ULYDWH�
3DUNLQJ����

$FUHV�RI�2Q�
6WUHHW�3DUNLQJ��
����

���WLPHV�PRUH�RQ�VWUHHW�
SDUNLQJ�WKDQ�LQ�*UHHQYLOOH

����WLPHV�PRUH�SULYDWH�
SDUNLQJ�WKDQ�1HZ�%HUQ
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��
��
��
��
��
��
��
��
���
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��
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1HZ�%HUQ��3DUNLQJ *UHHQYLOOH��3DUNLQJ



$FUHV�RI�*UHHQ���
3OD]D����

$FUHV�RI�9DFDQW�
/RWV��� $FUHV�RI�*UHHQ���

3OD]D����

$FUHV�RI�9DFDQW�
/RWV����
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��
��
���
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��
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���

1HZ�%HUQ��2SHQ�6SDFH *UHHQYLOOH���2SHQ�6SDFH

)RU�HYHU\�����$FUHV�RI�6WXG\�$UHD�



��$FUHV�IRU�3HGHVWULDQV

)RU�HYHU\�����$FUHV�RI�6WXG\�$UHD�

����$FUHV�IRU�3HGHVWULDQV

�[���PRUH�VSDFH�IRU�TXDOLW\�
SHGHVWULDQ�H[SHULHQFH�
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��
��
��
��
��
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��
��
���

��
��
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��
��
��
���

1HZ�%HUQ��3HGHVWULDQ�6SDFH *UHHQYLOOH��3HGHVWULDQ�6SDFH



���$FUHV�
���IRU�ODQHV��a��IRU�GULYHZD\V�

�[�PRUH�OHIW�WXUQ�VSDFH

)RU�HYHU\�����$FUHV�RI�6WXG\�$UHD�

���$FUHV�
����IRU�ODQHV��a��IRU�GULYHZD\V�
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1HZ�%HUQ��7UDIILF�0DQDJHPHQW *UHHQYLOOH��7UDIILF�0DQDJHPHQW



��$FUHV�GHGLFDWHG�WR�OHIW�WXUQV

)RU�HYHU\�����$FUHV�RI�3DYHPHQW�IRU�7UDIILF

1HZ�%HUQ�
/HIW�7XUQ�/DQHV

*UHHQYLOOH�
/HIW�7XUQ�/DQHV

�[�PRUH�OHIW�WXUQ�VSDFH

���$FUHV�GHGLFDWHG�WR�OHIW�WXUQV



����$FUHV�SHU�EORFN��YHU\�ZDONDEOH�

&RPSDULQJ�%ORFN�6L]HV

+XJH�EORFNV�DUH�YHU\�GLIILFXOW�
IRU�GHYHORSHUV�WR�LQWHQVLI\�

���$FUHV�SHU�EORFN

��
��
��
��
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���
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���

1HZ�%HUQ��$FUHV�SHU�%ORFN *UHHQYLOOH��$FUHV�SHU�%ORFN



&RPSDULQJ�%ORFN�6L]HV

0DOO������
DFUH�EORFN

��DFUH

��EORFNV��
���DFUHV
a ���DF�EORFN



7UDIILF�(QJLQHHULQJ����

�:K\�DUH�6WURDGV�ERWK�)DVW�DQG�6ORZ"

�2YHUYLHZ�RI�3ODFHPDNLQJ�$OWHUQDWLYH�,QWHUVHFWLRQV
� 'HVLJQV�ZLWK�SRWHQWLDO�WR�PDNH�WKLQJV�VORZHU�DQG�VDIHU��EXW�DOVR�IDVWHU�

7DUJHW�����PLQ



͞�ƌŝǀĞ�&ĂƐƚ͕�dƌĂǀĞů�^ůŽǁ͟
ͻ �ĞĨŝŶĞƐ�͞�ŶǇǁŚĞƌĞ͕�h^�͟

͞�ƌŝǀĞ�^ůŽǁ͕�dƌĂǀĞů�&ĂƐƚ͟�
ͻ /Ɛ�ƚŚĂƚ�ĂŶ�ŽƉƚŝŽŶ͍�
ͻ tŝƚŚ�ŵŽƌĞ�ŐƌĞĞŶ�ƚŝŵĞ͕�ǇĞƐ͊

/RRNV�)DVW�DQG�)XULRXV��EXW�LV�6ORZ�DQG�6DG



+RSHOHVVO\�8QOLYDEOH"

��
��
IH
HW

7\SLFDO�³6WURDG´�,QWHUVHFWLRQ/RRNV�)DVW�DQG�)XULRXV��
EXW�LV�6ORZ�DQG�6DG

7KLV�LV�ZK\�\RX�FDQ¶W�
JHW�WKURXJK�WKH�OLJKW�



0DQDJLQJ�+LJK�9ROXPHV�DQG
&UHDWLQJ�*UHDW�3ODFHV



:KDW�LV�D�
4XDGUDQW�

,QWHUVHFWLRQ"



:KDW�LV�D�
8�7XUQ�
,QWHUVHFWLRQ"



:KDW�LV�D�2QH�:D\�6SOLW�
,QWHUVHFWLRQ"

� )RXU�VPDOO�
LQWHUVHFWLRQV�EHWWHU�
WKDQ�RQH�KXJH�

� 5LJKW�RQ�UHG�$1'�
/HIW�RQ�UHG



:KLFK�KDQGOHV�PRUH�WUDIILF"

������KU�DW�
/26�)

�������KU�DW�
/26�'

�8QLTXH�YHKLFOHV��DV�DOO
EXW�ULJKWV�LQYROYH�����

LQWHUVHFWLRQV�

2QH�JDUJDQWXDQ�LQWHUVHFWLRQ"������RU)RXU�KXPDQ�VFDOH�LQWHUVHFWLRQV"

6HDUFK�IRU�2QH:D\9V7ZR:D\B7UDIILF/26�-3*



6HDUFK�IRU�2QH:D\9V7ZR:D\B)RRWSULQW�-3*



'ƌĞĞŶǀŝůůĞ

^ŵŝƚŚĨŝĞůĚ

ZĂůĞŝŐŚͲ
�ƵƌŚĂŵ

�ŚĂƌůŽƚƚĞ

7R�5DOHLJK3RSXODWLRQ5HJLRQ
���PLOHV��������LQ�&RXQW\

�������LQ�&LW\
*UHHQYLOOH

���PLOHV��������LQ�&RXQW\
�������LQ�&LW\

6PLWKILHOG

����0LOOLRQ�LQ�06$5DOHLJK

����0LOOLRQ�LQ�06$&KDUORWWH

&RQWH[W�IRU�*UHHQYLOOH�DQG�6PLWKILHOG



�ŽǁŶƚŽǁŶ͕
�ĂƐƚ��ĂƌŽůŝŶĂ�
hŶŝǀĞƌƐŝƚǇ

��h�
DĞĚŝĐĂů�
�ĞŶƚĞƌ

'ƌĞĞŶǀŝůůĞ�DĂůů͕�
^ƚƌŝƉ�ZĞƚĂŝů



7UDIILF�3HUIRUPDQFH�0HDVXUHV

� Operational Improvements in terms of Weighted Average Travel Time

9 Assuming no fundamental change in number of lanes and traffic demand

� Additional Capacity

9 Additional traffic flow that AI designs can accommodate at Level of Service (LOS) E without 
adding lanes

� Maximum Capacity

9 Maximum flow at LOS E by adding additional lanes within the available Right-of-Way (ROW)



6LPXODWLRQ�6FHQDULRV
� Scenario A: Current Design
9 Set traffic demand to generate 60s average delay per vehicle (i.e., 

average travel time 110s)

� Scenario B: Alternative Design
9 Attempting to match current design in lane configuration, same 

traffic demand as Scenario A

� Scenario C: Alternative Design
9 Attempting to match current design in lane configuration, 

increase traffic demand until get back to similar travel time as 
Scenario A

� Scenario D: Alternative Design
9 Max number of lane, increase traffic demand until get back to 

similar travel time as Scenario A



(FRQRPLFV�$QDO\VLV

� Microsoft Excel Tool “Development Scale Calculator”

3ODQQLQJ�OHYHO�WRRO�WKDW�GHWHUPLQH�
KRZ�PXFK�ZDONDEOH�GHYHORSPHQW�
WKH\�FDQ�VXSSRUW�EHIRUH�VLPLODU�
FRQJHVWLRQ�DQG�GHOD\�UHWXUQ



5&,�8�7XUQ�'HVLJQ

� U-Turn increases vehicle capacity from 3,800 to 6,000 per hour – 58% more

� Before / After travel time is 100 seconds, despite lowering speed limit from 45 to 35

� System can support 3 to 3.5 times the existing density (FAR) at same travel time



2QH�:D\�6SOLW�'HVLJQ

� Crossing one-ways increase vehicle capacity from 3,700 to 7,100 per hour – 91% more

� Before / After travel time is 100 seconds, despite lowering speed limit from 45 to 35

� System can support 4 to 5 times the existing density (FAR) at same travel time



4XDGUDQW�'HVLJQ

� Quadrant increases vehicle capacity from 3,600 to 5,700 per hour – 58% more

� Before / After travel time is 110 seconds, despite lowering speed limit from 45 to 35

� System can support 3 to 4 times the existing density (FAR) at same travel time



)RFXV�*URXSV



3DUWLFLSDQWV
2FFXSDWLRQ�DQG�6SHFLDOW\

9 1RQ�SURILW�DGYRFDWHV�IRU�ELNH�SHGHVWULDQV�
DQG�URDG�VDIHW\

9 7UDIILF�HQJLQHHUV
9 7UDQVSRUWDWLRQ�SODQQHUV�DQG�FRQVXOWDQWV
9 &LW\�SODQQHUV�DQG�ODQG�XVH�H[SHUWV
9 8QLYHUVLW\�SURIHVVRUV�DQG�UHVHDUFKHUV
9 &LW\�HQJLQHHUV
9 8UEDQ�HFRQRPLVW
9 7UDQVLW�SODQQHU�DQG�PDQDJHU
9 5HDO�HVWDWH�HFRQRPLFV�VSHFLDOLVW
9 'HYHORSHU��PL[HG�XVH�DQG�VKRSSLQJ�

FHQWHUV�

27 participants from NC, CO, TX,  
SC, KS, NY, and British Columbia

$VVRFLDW
H�'HJUHH

%DFKHORU�
'HJUHH

0DVWHU�
'HJUHH

'RFWRUDW
H�'HJUHH

3DUWLFLSDQW¶V�(GXFDWLRQDO�
%DFNJURXQG�

��
�

��
�

��

���



2SHQLQJ�)RFXV�*URXS�4XHVWLRQQDLUH
4XHVWLRQ�$��:LOO�WKH�FRVW�RI�KRXVLQJ�DFURVV�1RUWK�&DUROLQD�FRQWLQXH�WR�LQFUHDVH�VXEVWDQWLDOO\"
4XHVWLRQ�%��,V�WKHUH�D�QHHG�WR�UH]RQH���UHGHVLJQ�FRPPHUFLDO�DUHDV�WR�DWWUDFW�D�PL[�RI�XVHV"
4XHVWLRQ�&��:LOO�GHPDQG�IRU�KLJK�GHQVLW\�GHYHORSPHQW�LQFUHDVH�VXEVWDQWLDOO\�LQ�WKH�IXWXUH"
4XHVWLRQ�'��:LOO�GHPDQG�IRU�DOWHUQDWLYHV�WR�GULYLQJ�LQFUHDVH�VXEVWDQWLDOO\"
4XHVWLRQ�(��$UH�VXEXUEDQ�KLJKZD\V�WRR�IDVW��XQVDIH��DQG�XQDSSHDOLQJ�IRU�ZDONDEOH�GHYHORSPHQW�WR�WDNH�URRW"
4XHVWLRQ�)��$UH�ZHOO�PDLQWDLQHG�VWUHHW�WUHHV�DQG�VWUHHWVFDSH�FULWLFDO�IRU�FDWDO\]LQJ�PL[HG�XVH�GHYHORSPHQW"
4XHVWLRQ�*��,V�LW�LPSRUWDQW�WR�UHGXFH�PD[LPXP�WUDIILF�VSHHGV�IRU�ZDONDEOH�DUHDV�WR�HPHUJH"
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���
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1R����������������1RW�6XUH������������������<HV
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6WURDG YV�&RPSOHWH�6WUHHW

'LVFXVVLRQ�± 6WURDG�YV�&RPSOHWH�6WUHHW



6DIHW\����FUHDWLQJ�VDIH�
HQYLURQPHQW�DQG�VDIHW\�FXOWXUH�LV�
HVVHQWLDO�IRU�RXU�FRPPXQLWLHV��

:DONDELOLW\«�5HIHUV�WR�WKH�
HDVH�DQG�FRPIRUW�ZLWK�ZKLFK�SHRSOH�

FDQ�ZDON�WR�WKHLU�GHVWLQDWLRQV��

7UDIILF�IORZ«�$�FULWLFDO�DVSHFW�RI�XUEDQ�PRELOLW\��5HO\LQJ�RQ�SULYDWH�FDUV�VROHO\��
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