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�����������GU��G� ��� D�� �S�UD����� �����P� �K��K�
�D��G���O�S�G�I�U����� ����PDU��P���O��SK�����D�G�
����K����UU����O�DG�U�����K���PDU�������O����I��II�U���
DU�� ������ �S���� ���PD��� ��GU��G� D�D�OD�O�� ��� �K��
�P��GG�G���UOG��D����OO���D����P��GG�G������P��
G�� ���� KD��� D� O��DO� ��,� D�G� DU�� �K�U�I�U�� �DOO�G�
K�DGO����G���������K���SDS�U�SU��������K��U���O����I�
D��D�DO������I��K������UDO� ����D��O�����I���GU��G����
K�DGO���� �P��GG�G� �����P�� D�G� S��G�U�� �K�� DG�
�D��D���� D�G� G��DG�D��D����� ,�� I������� ��� �K��
KDUG�DU�� U�OD��G� �������� ����� ��� �KD�� ������� ���
GU��G� ��SS�U��� KDUG�DU�� S�U�SK�UDO�� ��UPDOO��
���G�����P��GG�G������P����

������ ��������GU��G�� �������U�� ����O�SP����
.������.�����GU��G��S������U����U�M������������
�����KU�������KDU�G���P�U�����KP�P������U��
����U�OO�U����������
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��GURLG� LV� D�� RSHUDWL�J� V�VWHP� IRU�PRELOH� GHYLFHV�
GHYHORSHG� E�� WKH� 2SH�� �D�GVHW� �OOLD�FH� �2�����
��GURLG�H�MR�V�EHL�J�WKH�PDUNHW�OHDGHU�L��WKH�ILHOG�RI�
VPDUW�SKR�HV��LWK�D�PDUNHW�VKDUH�RI�PRUH�WKD�������
��@�� ��GURLG� LV� EDVHG� R�� WKH� /L�X[� NHU�HO�� 6R� WKH�
TXHVWLR�� DULVHV� LI� WKHUH� DUH� D��� DGGLWLR�DO� EH�HILWV� L��
XVL�J���GURLG� L�VWHDG� RI� /L�X[� IRU� DSSOLFDWLR�V� RXW�
VLGH� WKH� VPDUW�SKR�H�RU� WDEOHW� �RUOG�� L�H��IRU� DSSOLFD�
WLR�V�IURP�L�GXVWULDO��SURFHVV��RU�EXLOGL�J�DXWRPDWLR���
7KH�REMHFWLYH�RI�WKLV�SURMHFW��DV�WR�GLVFXVV� WKH�VXLW�

DELOLW��� L�H�� WKH� DGYD�WDJHV� D�G� GLVDGYD�WDJHV� RI� ���
GURLG�IRU�KHDGOHVV�V�VWHPV�L��L�GXVWULDO�DXWRPDWLR���,��
WKH� SURMHFWHG�FDVH�� WKH� D�WLFLSDWHG� H�G�SURGXFW� �DV� D�
V�VWHP� �LWKRXW� D� ORFDO� XVHU� L�WHUIDFH�� EXW� �LWK� WKH�
RSWLR�� WR� DGG� D� �8,� IRU� D� FHUWDL�� SHUFH�WDJH� RI� WKH�
DSSOLFDWLR�V�� 7KLV� SDSHU� �LOO� R�O��FRYHU� WKH� XVH� FDVH�
WKDW� DOO� DSSOLFDWLR�V�DUH� ��GURLG� EDVHG� D�G� WKHUH� DUH�
�R�/L�X[� DSSOLFDWLR�V�� ��KHWHURJH�HRXV� V�VWHP� ����
GURLG� D�G� /L�X[� DSSOLFDWLR�V�� �RXOG� �HHG� IXUWKHU�
L�YHVWLJDWLR�V���

�
�
)LJXUH�����UFKLWHFWXUH�RI���GURLG���@��

�
�� EDVLF� TXHVWLR�� L�� WKLV� FR�WH[W� LV� WKH� VXSSRUW� IRU�

H[WHU�DO� KDUG�DUH� SHULSKHUDOV�� 6SHFLILFDOO�� EXLOW� IRU�
VPDUW�SKR�HV���GURLG�GRHV��RW��HHG�WR�SURYLGH�JH�HU�
LF� VXSSRUW� IRU� H[WHU�DO� L�WHUIDFHV� OLNH� 63,�� 8�57��
�3,2� RU� VLPLODU� SHULSKHUDOV� DV� RSSRVHG� WR� ��RUPDO��
HPEHGGHG�V�VWHPV���
,��WKLV�SDSHU�ILUVW�WKH�DUFKLWHFWXUH�RI���GURLG�LV�SUH�

VH�WHG�L��FK��,,�D�G�WKH�FR�FHSW�RI�KHDGOHVV���GURLG�LV�
L�WURGXFHG�L��FK��,,,��7KH��WKH�XVHG�EDVHERDUG�LV�VKRUW�
O��SUHVH�WHG�L��FK��,9��7KH�H[WH�VLR��RI���GURLG�EDVHG�
V�VWHPV��LWK�DGGLWLR�DO�ORFDO�KDUG�DUH� L�WHUIDFHV��DV�
WKH�PRVW�LPSRUWD�W�SDUW�RI�WKH�SURMHFW��7KH�PHFKD�LVP�
RI�KDUG�DUH�VXSSRUW�L����GURLG�LV�GLVFXVVHG�L��FK��9��
7KH��WKH� WLPL�J�UHVXOWV�RI� WKH�WHVW� VHWXS�DUH�SUHVH�WHG�
L��GHWDLO�L��FK��9,,�D�G�FK��9,,,��7KH�UHSRUW�LV�FR�FOXG�
HG�E��JLYL�J� D�� RSL�LR��EDVHG�R��WKH� IL�GL�JV�GXUL�J�
WKH�SURMHFW��

,,���1'52,'��5��,7(�785(�

��GURLG� LV�EDVHG�R�� WKH�/L�X[� NHU�HO�� D��XPEHU�RI�
VRIW�DUH� OLEUDULHV� �ULWWH�� L�� ����� D� -DYD�OLNH� YLUWXDO�
PDFKL�H� IRU� WKH� H[HFXWLR��RI� DSSOLFDWLR��FRGH�� D�G� D�
IXOO� VXLWH� RI� PRELOH� SKR�H� DSSOLFDWLR�V� ��@�� )LJ����
VKR�V�D��RYHUYLH��RI�WKH���GURLG�DUFKLWHFWXUH���

�HDGOHVV���GURLG�6�VWHPV�IRU��
,�GXVWULDO��XWRPDWLR��D�G��R�WURO��

��HHTXH��DVVD����[HO�6LNRUD��'RPL�LTXH�6WHSKD��.X�]��'DYLG�(EHUOHL��

�
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�
��HHTXH��DVVD���DKDVVD�#VWXG�KV�RIIH�EXUJ�GH��D�G��[HO�6LNRUD��
D[HO�VLNRUD#KV�RIIH�EXUJ�GH�� DUH� �LWK� �RFKVFKXOH� 2IIH�EXUJ��
%DGVWUD�H�����'������2IIH�EXUJ��

'RPL�LTXH�6WHSKD�� .X�]�� GRPL�LTXH�NX�]#FK�VDXWHU�EF�FRP��
D�G�'DYLG�(EHUOHL���GDYLG�HEHUOHL�#FK�VDXWHU�EF�FRP��DUH��LWK�)U��
6DXWHU�����,P�6XUL�DP������������%DVHO��
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�7KH�/L�X[�NHU�HO�L��WKH���GURLG�LV�D�PRGLILHG�YHU�

VLR�� RI� WKH� NHU�HOV� DYDLODEOH� IURP� WKH� /L�X[� NHU�HO�
DUFKLYHV�� RIWH�� DOVR� FDOOHG� YD�LOOD� /L�X[� NHU�HO� ��@��
7KHVH� PRGLILFDWLR�V� L�FOXGH� �ODUP�� �V��FKUR�RXV�
VKDUHG� PHPRU�� ��VKPHP��� %L�GHU�� 3R�HU� 0D�DJH�
PH�W�� /R�� 0HPRU�� .LOOHU�� .HU�HO� 'HEXJJHU� D�G�
/RJJHU� ��@����GURLG�XVHV� WKH�/L�X[� NHU�HO� WR� FR�WURO�
WKH�X�GHUO�L�J�KDUG�DUH���

,,,���1'52,'�)25��(�'/(66�(0%(''('�6�67(06�

�HDGOHVV�HPEHGGHG�GHYLFHV�GR��RW�KDYH�D� ORFDO�XVHU�
L�WHUIDFH� OLNH� PRELOH� GHYLFHV�� �KLFK� ��GURLG� �DV�
RULJL�DOO�� FUHDWHG� IRU�� ��GURLG� IRU� KHDGOHVV� GHYLFHV�
FRXOG�WKHUHIRUH�RPLW�WKRVH�FRPSR�H�WV�WKDW�DUH�XVHG�WR�
GUD��D�G�FR�WURO� WKH�XVHU� L�WHUIDFH��7KH�FRPSR�H�WV��
�KLFK�DUH��RW�UHTXLUHG�IRU�WKH�KHDGOHVV�R�O��XVH�FDVH��
DUH� 6XUIDFH)OL�JHU�� :L�GR��0D�DJHU�� :DOOSDSHU�
6HUYLFH�D�G�,�SXW0HWKRG0D�DJHU���@���

,9��7�(�%�6(�%2�5'�

7KH�VHOHFWLR��RI�WKH�EDVH�ERDUG�LV�D��LPSRUWD�W�VWHS��
DV� WKHUH� DUH� D� ORW� RI� DVSHFWV� WR� EH� FR�VLGHUHG� L�� WKLV�
SURFHVV��HVSHFLDOO��L��WKH�FDVH�RI�SRUWL�J���GURLG�WR�D�
�H�� GHYLFH��7KH� SDUDPHWHUV� WR�EH� WDNH�� L�WR�DFFRX�W�
DUH�6R��IHDWXUHV��FRPPX�LW���FRVW��IHDWXUHV��H[SD�GD�
ELOLW��� DYDLODELOLW���OLFH�VL�J�� FDWDORJXH�SDUW�� D�G�VRIW�
�DUH�VXSSRUW���@��
,��WKH�JLYH��SURMHFW� WKH�IRFXV��DV��RW�R��WKH�SRUWL�J�

RI� ��GURLG�� EXW� R�� WKH� IHDWXUHV� LW� RIIHUV��7KH� SURMHFW�
�RUN��DV�VWDUWHG�E��WHVWL�J�UHTXLUHPH�WV�R��WKH�5DVS�
EHUU��3L���@�D�G�WKH��FR�WL�XHG�R��WKH��7VX�DPL�3DFN��
E�� 7HFK1H[LR�� ��@�� 7KH� 5DVSEHUU�� 3L� �DV� �RW� XVHG�
IXUWKHU�EHFDXVH�WKH���GURLG�EXLOGV�DYDLODEOH�IRU�LW�DUH�
VWLOO� �RW�VWDEOH��)LJXUH��� VKR�V� WKH�ERDUG� XVHG� L�� WKH�
VHWXS�RI�WKH�WHVW�H�YLUR�PH�W��

9�����5':�5(�6833257�0(���1,606�

����H�HUDO��UF�L�HF��UH�

0D��� HPEHGGHG� GHYLFHV� �HHG� WR� FROOHFW� GDWD� IURP�
ORFDO� VH�VRUV�� D�DO�]H� D�G�SURFHVV� WKH� GDWD�� D�G�FR��
WURO� ORFDO� DFWXDWRUV� DFFRUGL�JO��� ,�� VRPH� FDVHV�� WKH��
DUH� FR��HFWHG� WR� EDFNH�G� FR�WURO� D�G� PR�LWRUL�J�
V�VWHPV� IRU� SURSHU� RSHUDWLR��� �OO� WKHVH� HPEHGGHG�
VFH�DULRV� UHTXLUH� GLIIHUH�W� KDUG�DUH� L�WHUIDFHV� OLNH�
�3,2�� 63,�� 8�57�3:0� RU� DOLNH�� 7KLV� FR��HFWLYLW��
EHW�HH�� VH�VRUV� D�G� DFWXDWRU� GHYLFHV� WKURXJK� ORFDO�
KDUG�DUH� L�WHUIDFHV� LV� �RUPDOO�� �RW� UHTXLUHG� L�� VPDUW�
SKR�HV�� 7KH���GURLG�DUFKLWHFWXUH�KDV�EHH��RSWLPL]HG�
IRU�VPDUW�SKR�HV��D�G� WKXV��R�O��L�FOXGHV�D�PL�LPXP�
RI�KDUG�DUH�GULYHUV�UHTXLUHG�IRU�VPDUW�SKR�HV����@���
�
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)LJXUH����7HFK1H[LR�7VX�DPL�%RDUG�UX��L�J���GURLG��
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)LJXUH������GURLG�KDUG�DUH�DFFHVV�PHFKD�LVPV����@��

�
,��WKH�FKD�JHV�PDGH�WR�WKH�VWD�GDUG�/L�X[�NHU�HO�IRU�

��GURLG�� WKH� DSSURDFK� RI� KDUG�DUH� VXSSRUW� KDV� DOVR�
EHH�� FKD�JHG�� 6WD�GDUG� /L�X[� SURYLGHV� DFFHVV� WR�
KDUG�DUH� L�WHUIDFHV� YLD� GHYLFH� GULYHUV�� ,�� ��GURLG�
KDUG�DUH�DFFHVV� LV�W�SLFDOO��VXSSRUWHG�WKURXJK�VKDUHG�
OLEUDULHV� SURYLGHG� E�� PD�XIDFWXUHUV�� 0RVW� VRIW�DUH�
VWDFNV�W�SLFDOO��IRX�G�L��/L�X[�GLVWULEXWLR�V�WKDW�H�D�
EOH� L�WHUDFWLR�� �LWK� ORFDO� KDUG�DUH� DUH� �RW� IRX�G� R��
��GURLG� ���@�� )LJXUH� �� VKR�V� KR�� KDUG�DUH� LV� DF�
FHVVHG�R����GURLG���
8�OLNH� �DWLYH� /L�X[� DSSOLFDWLR�V�� ��GURLG� DSSOLFD�

WLR�V� FRPPX�LFDWH� �LWK� WKH� X�GHUO�L�J� KDUG�DUH�
WKURXJK� -DYD��3,V�� GLUHFW� V�VWHP� FDOOV�DUH� �RW� SRVVL�
EOH�� ��GURLG� GHIL�HV� �3,V� �KLFK� FD�� EH� XWLOL]HG� E��
DSSOLFDWLR�V� WR� FRPPX�LFDWH� �LWK� WKH� X�GHUO�L�J�
KDUG�DUH����V�VWHP�VHUYLFH�LV�XVHG�WR�ORDG�D�G�L�WHU�
IDFH�WKH�VKDUHG�OLEUDULHV�D�G�SURYLGH�WKH��3,�IX�FWLR��
DOLW��WR�WKH�DSSOLFDWLR���7KHVH�V�VWHP� VHUYLFHV� FR�VLVW�
RI� W�R�SDUWV��2�H�LV��ULWWH��L��-DYD�D�G�WKH�RWKHU�R�H�
L�����7KH�-DYD�SDUW�LPSOHPH�WV�WKH���GURLG�VLGH�RI�WKH�
VHUYLFH� D�G� WKH���SDUW�FRPPX�LFDWHV��LWK� WKH� VKDUHG�
OLEUDU���
�R�VHTXH�WO���WKHUH�H[LVW�PXOWLSOH��D�V�WR�DGG�ORFDO�

KDUG�DUH�L�WHUIDFHV�WR�D����GURLG�UX��WLPH�V�VWHP���
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•��GG�VKDUHG� OLEUDULHV�WR�WKH�VRXUFH�FRGH�D�G�PDNH�
D�FXVWRP�SRUW�WR���GURLG��FI��FK��%������

•�8VH� WKH� ��GURLG� 2SH�� �FFHVVRU�� 0RGH� �FI��
FK��%������

•�8VH�H[WHU�DO�0�8V�FR��HFWHG�RYHU�86%�RU�%OXH�
WRRWK��FI��FK��%������

����FFH��L���ORFDO�L��HUIDFH��IURP���GURLG�

�����GURLG�3RU�L���

7KLV� VROXWLR�� UHTXLUHV� DGGL�J� WKH� �HHGHG� KDUG�DUH�
GULYHUV� WR� WKH�/L�X[�NHU�HO�D�G�DSSO�L�J�WKH���GURLG�
SDWFK�WR�WKH�NHU�HO�DV�D�ILUVW�VWHS���V�D�VHFR�G�VWHS��WKH�
VKDUHG�OLEUDULHV�VKRXOG�EH�PDGH�DYDLODEOH�L��WKH�VRXUFH�
FRGH� RI� ��GURLG�� 7KLV� FXVWRP� YHUVLR�� PXVW� WKH�� EH�
SRUWHG� WR� WKH� WDUJHW� GHYLFH�� 7KH� EHVW� SDUW� RI� WKLV� DS�
SURDFK� LV� WKDW� DIWHU� WKH� DFFRPSOLVKPH�W� RI� WKLV� WDVN�
R�O��DSSOLFDWLR��OHYHO�SURJUDPPL�J��RXOG�EH�UHTXLUHG�
WR� PDNH� XVH� RI� WKHVH� SHULSKHUDOV� OLNH� WKH� 86%� D�G�
:L)L��3,V�DUH�XVHG� L����GURLG��RUPDOO���7KH�GR���
WXU��RI�WKLV�DSSURDFK�LV�WKDW�GHWDLOHG�N�R�OHGJH�RI�WKH�
KDUG�DUH� �RXOG� EH� UHTXLUHG�� �KLFK� PRVWO�� FDOOV� IRU�
VXSSRUW�IURP�WKH�KDUG�DUH�YH�GRU��
�H�HUDOO�� VSHDNL�J�� WKLV� DSSURDFK� IX�GDPH�WDOO��

FR�WUDGLFWV� WKH� RYHUDOO� ��GURLG� DSSURDFK�� �KLFK�
VWULYHV�WR�DYRLG�FRPSOH[�/L�X[�SURJUDPPL�J�D�G�WULHV�
WR� UHSODFH�LW��LWK�FRPSDUDWLYHO��HDVLHU�-DYD� SURJUDP�
PL�J��,��WKH�H�G�WKLV�DSSURDFK��RXOG�GRXEOH�WKH��RUN��
EHFDXVH� ILUVW� /L�X[� SURJUDPPHUV� �RXOG� EXLOG� WKHLU�
R���EXLOG�RI���GURLG�WR�L�FOXGH�WKH�OLEUDULHV�L��WKH�26�
D�G�WKH��WKH�-DYD�GHYHORSHUV��RXOG�XVH�WKHVH�OLEUDULHV�
L��WKH�DSSOLFDWLR��GHYHORSPH�W�SKDVH��7KLV��RXOG�DOVR�
L�FUHDVH� WKH� L�LWLDO� GHYHORSPH�W� F�FOH� RI� WKH� SURGXFW�
EXW��LWK�D�PXFK�PRUH�VWDEOH�UHVXOW���

�����GURLG�2SH���FFH��RU���RGH�

7KH�VHFR�G�RSWLR��WR�DGG�KDUG�DUH�L�WHUIDFHV�FRPHV�
IURP� WKH� ��GURLG� 2SH�� �FFHVVRU�� PRGH�� �KLFK� DO�
OR�V�WKH�FR��HFWLR��RI�SHULSKHUDOV�WR�D����GURLG�SODW�
IRUP� �KHUH� WKH� ��GURLG� LV� WKH� 86%� GHYLFH� D�G� WKH�
SHULSKHUDO��DFFHVVRU���LV�WKH�86%�KRVW���@��7KLV�DYRLGV�
WKH��HFHVVLW��RI��H��KDUG�DUH�GULYHUV��
�RRJOH�LPSOHPH�WHG� LWV� R���KDUG�DUH�E��WKH��DPH�

��GURLG� �FFHVVRU�� 'HYHORSPH�W� .LW� ��'.�� DV� D�
UHIHUH�FH� LPSOHPH�WDWLR�� WR� EXLOG� KDUG�DUH� DFFHVVR�
ULHV� IRU���GURLG�� 7KH��'.� LV� EDVHG�R�� WKH� �UGXL�R�
RSH�� VRXUFH� HOHFWUR�LFV� SURWRW�SL�J� SODWIRUP� ���@��
��GURLG� 2SH�� �FFHVVRU�� ���@� SURWRFRO� LV� XVHG� WR�
FRPPX�LFDWH��LWK� WKH���GURLG�GHYLFH� RYHU�D�86%�RU�
D�%OXHWRRWK�FR��HFWLR���7KLV�PRGH�LV��RW�VXSSRUWHG�R��
D� ORW�RI�GHYLFHV�D�G�DV� UHSRUWHG�E��YDULRXV� VH�LRU�GH�
YHORSHUV�R��FRPPX�LWLHV�LW�LV��RW�VR�UREXVW����@��

������HU�DO��LFURFR��UROOHU��

7KH�WKLUG�SRVVLEOH�VROXWLR��LV�YHU��VLPLODU�WR�WKH�R�H�
XVHG� E�� �RRJOH� IRU� WKHLU� �RRJOH� �'.�� ,W� XVHV� WKH�
86%�RU�%OXHWRRWK�L�WHUIDFHV�RI�WKH���GURLG�GHYLFH�WR�

DWWDFK�D��H[WHU�DO�0�8���KHUH�WKH�0�8� LPSOHPH�WV�
D�G�SURYLGHV�WKH�DFWXDO�FR��HFWLYLW��WR�WKH�ORFDO�L�WHU�
IDFHV�� 7KHUH� DUH� H[WHU�DO� ERDUGV�DOUHDG�� DYDLODEOH� R��
WKH� PDUNHW�� OLNH� WKH� )7���'� IURP� )7',� ���@� RU� WKH�
,2,2�IURP�6SDUNIX�����@��7KHVH�ERDUGV�DUH�GHOLYHUHG�
�LWK�D�FXVWRP��3,�OLEUDU���KLFK�PD��EH�L�FOXGHG�L�WR�
D�� ��GURLG� DSSOLFDWLR�� D�G� SURYLGHV� DFFHVV� WR� WKH�
ERDUGV� SHULSKHUDOV�� 7KH� JRRG� VLGH� LV� WKDW� IRU� WKHVH�
ERDUGV� WKH� GHYHORSPH�W� WLPH� GHFUHDVHV� FR�VLGHUDEO���
FRPSDUHG�WR�L�WHJUDWL�J�/L�X[�GULYHUV���

�����DO�D�LR��RI�PH��RG���R�DFFH���ORFDO�L��HUIDFH��

,I� D� FRPSD��� GHYHORSV� WKHLU� R��� ERDUG� D�G� SRUWV�
��GURLG�R�� WKHLU�R���� WKH�� WKH���LOO��ULWH� WKHLU�R���
GULYHUV�IRU�WKHLU� V�VWHP��7KLV�LV� WKH�EHVW��D�� WR�RIIHU�
WKHVH�L�WHUIDFHV�WR�WKH�DSSOLFDWLR���,I�D�FRPSD����D�WV�
WR� XVH� D�� RII� WKH� VKHOI� ERDUG� �LWK� ��GURLG� DOUHDG��
UX��L�J�R�� LW�EXW� WKH� UHTXLUHG� L�WHUIDFHV� DUH�PLVVL�J��
WKH� ��GURLG� 2SH�� �FFHVVRU�� 0RGH� RU� WKH� H[WHU�DO�
0�8�DSSURDFK��LOO�EH�WKH�DSSURDFK��LWK�OHVV�HIIRUW���
7KH�ODWWHU�XVH�FDVH�LV�L�WHUHVWL�J�IRU�WKLV�L�YHVWLJDWLR��

EHFDXVH� WKH� 7HFK1H[LR�� ERDUG� GRHV� �RW� VXSSRUW� WKH�
GULYHUV� �HHGHG� IRU� WKH� KDUG�DUH�� )XUWKHUPRUH� WKH�
�'.�LV��RW�RUGHUDEOH��7KHUHIRUH��LW��DV�GHFLGHG�WR�JR�
�LWK� WKH�H[WHU�DO�0�8�DSSURDFK�DV� D� VROXWLR��WR�DGG�
SHULSKHUDO� VXSSRUW� WR� ��GURLG�� 7KH� ,2,2� ERDUG� �DV�
XVHG�IRU�WKLV��RUN��
7KH�ERDUG�LV�FUHDWHG�E��D�GD��WLPH��RRJOH�HPSOR�HH�

DV�D�KREE��SURMHFW�D�G�LV�VROG�E��6SDUNIX���7KH�ERDUG�
FR��HFWV� WR� WKH���GURLG�GHYLFH� L��GHEXJ�PRGH�XVL�J�
86%�27��RU�%OXHWRRWK����� ��GURLG�DSSOLFDWLR��FD��
XWLOL]H� WKH� ,2,2� OLEUDULHV� WR�DFFHVV� IX�FWLR�DOLWLHV� R��
WKH� ERDUG�� 1R� HPEHGGHG� SURJUDPPL�J� LV� UHTXLUHG��
��RWKHU� JRRG� WKL�J� LV� WKDW� LW��RUNV��LWK�DOO���GURLG�
YHUVLR�V�DERYH�������

9,����5':�5(�)25�7�(�7�5�(7�6�67(0�

7KH� WDUJHW�SODWIRUP�UHTXLUHV�D�ORW�RI�KDUG�DUH� L�WHU�
IDFHV� WR� �RUN�� ,�� WKLV� VHFWLR�� HDFK� L�WHUIDFH� �LOO� EH�
GLVFXVVHG�R�H�DIWHU�WKH�RWKHU�����

�������DPL��DL�ERDUG��

�������DUG��

�V� ODUJH�PHPRU��VWRUDJH� LV�UHTXLUHG�WR�VWRUH�ORJJHG�
GDWD��D��6'��DUG�FRXOG�HDVLO�� VROYH�WKLV�UHTXLUHPH�W��
7KH� 6'��DUG� VXSSRUW� LV� SURYLGHG� E�� GHIDXOW� L�� ���
GURLG�D�G�LV�IXOO��IX�FWLR�DO�R��WKH�7VX�DPL�ERDUG���

���������

��VHULDO�8�57�L�WHUIDFH�LV� VWLOO�D��LPSRUWD�W��D��WR�
DFFHVV� KDUG�DUH� SHULSKHUDOV� R�� HPEHGGHG� V�VWHPV��
7KHUH�DUH��R�VWD�GDUG��3,V�SUHVH�W�L����GURLG�WR�UHDG�
D�G��ULWH� WR�/L�X[�VHULDO� SRUWV���R�HYHU�� WKHUH� LV�D��
RSH�� VRXUFH� SURMHFW� �KLFK�PDNHV� LW� SRVVLEOH� WR� UHDG�
D�G��ULWH�GDWD�WKURXJK�WKH�VHULDO�SRUWV�RI�/L�X[��7KH��
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�

�
)LJXUH����%ORFN�GLDJUDP�RI���1��R�WUROOHU�FR��HFWHG�WR�WKH����
GURLG�GHYLFH�XVL�J�,2,2��

�
SURMHFW� �DPH� LV� �D�GURLG�VHULDOSRUW�DSL�� ���@�� 7KH�
VHULDO� SRUWV� R�� WKH� 7VX�DPL� ERDUG� FD�� EH� XVHG� �LWK�
WKLV�DSL��0RUHRYHU�� WKH�0RGEXV� ���@� SURWRFRO�FD�� EH�
XVHG��7KH�DSSOLFDWLR�� OHYHO� SURWRFRO�RSHUDWHV� GLUHFWO��
R��WRS�RI� D� VHULDO� L�WHUIDFH�D�G�VHULDO� FRPPX�LFDWLR��
VWD�GDUGV����@���

����3,2���3,�D�G���1�

7KH� VXSSRUW� IRU� RWKHU� SHULSKHUDOV� LV� SUHVH�W� R�� WKH�
7VX�DPL�ERDUG���R�HYHU���R�RXW�RI�WKH�ER[�VROXWLR�V�
RU� SUHFRPSLOHG� OLEUDULHV� H[LVW� IRU� WKHP�� 7KH� ,2,2�
ERDUG� �DV� XVHG� WR� SURYLGH� WKH� RWKHU� SHULSKHUDOV� UH�
TXLUHG�IRU�WKH�V�VWHP���

�����L���,2,2��RDUG�

����3,2��

�OO����SL�V�R��WKH�,2,2�ERDUG�FD��EH�FR�ILJXUHG�D�G�
XVHG� DV� �3,2�V�� )RU� WKLV� ERWK� GLJLWDO� D�G� D�DORJXH�
L�SXW�RXWSXW� WHVWV� �HUH� SHUIRUPHG�� )RU� WKH� GLJLWDO�
RXWSXW� D�� /('��DV� VXFFHVVIXOO�� FR�WUROOHG� �LWK� WKH�
,2,2�ERDUG��8VL�J� WKH� ,2,2�ERDUG� LPSOHPH�WL�J� WKH�
�3,2�IX�FWLR�DOLW��LV�TXLWH�VWUDLJKW�IRU�DUG���

����3,�

7KHUH� LV� D� VSHFLDO� FODVV� L�� WKH� ,2,2� OLEUDU�� FDOOHG�
�6SL0DVWHU�MDYD��� �R�WUROOL�J� WKH� ,2,2� 63,� L�WHUIDFH�
LV� GR�H� YLD� WKH� 6SL0DVWHU� FODVV�� ��� L�VWD�FH� RI� WKLV�
L�WHUIDFH� FRUUHVSR�GV� WR� D� VL�JOH� 63,�PRGXOH� R�� WKH�
ERDUG�� DV��HOO� DV� WR� WKH�SL�V� LW�XVHV� IRU��/.��026,��
0,62�D�G�66��R�H�RU�PRUH�����@���
,�� WKH� WHVW�VHWXS�LW��DV� WHVWHG�WR�PDNH� WKH�63,��RUN�

L��WKH�0DVWHU�PRGH�XVL�J�D�IL[HG�EXIIHU�RI��[���D�G�LW�
WUD�VPLWWHG�VXFFHVVIXOO���'XUL�J�WKH�WHVWV�WKH�WUD�VPLW�
WHG�VLJ�DO� �DV� JRRG� XS� WR� ��0ESV�EXW� LW� VWDUWHG� GLV�
WRUWL�J�DIWHU�WKDW�D�G�LW��RUNHG�WLOO�����0ESV���W�KLJKHU�
VSHHGV��WKH�RXWSXW�VLJ�DO�GHJUDGHG�VLJ�LILFD�WO���
�

�

)LJXUH����2SH����DUFKLWHFWXUH����@��

�

�����1E���

��1�%XV� ���@� LV� DOVR��RW��DWLYHO�� VXSSRUWHG�R�� ���
GURLG��2�H�SRVVLEOH�VROXWLR��LV�WR�XVH�WKH�63,�RI��,2,2��
ERDUG� WR� FR�WURO� D���1� FR�WUROOHU� IURP� WKH� ��GURLG�
GHYLFH��6XFK�D���1�FR�WUROOHU�LV�SURYLGHG�E��0LFUR�
FKLS��0�3����� ���@�� )LJXUH� �� VKR�V� WKH� EORFN� GLD�
JUDP�RI�WKH�SURSRVHG�VROXWLR���
��RWKHU�L�WHUHVWL�J�VROXWLR��LV�WKH�2SH����DUFKLWHF�

WXUH����@�GHYHORSHG�E��)RUG�D�G�%XJ�ODEV��,W�FR��HFWV�
WKH���1�EXV�WR�WKH���GURLG�GHYLFH�RYHU�86%�XVL�J�D�
��1�WUD�VODWRU�L��EHW�HH���)LJXUH���VKR�V�WKH�RYHUDOO�
DUFKLWHFWXUH�� 7KH���GURLG� OLEUDULHV� RI� WKH� SURMHFW� DUH�
DYDLODEOH�R��WKH�SURMHFWV��HESDJH��

��������

7KH� ,2,2� %RDUG� DOVR� RIIHUV� D� 8�57� L�WHUIDFH��
�KLFK� FD�� EH� XVHG� L�� D� VLPLODU� �D�� DV� WKH�7VX�DPL�
ERDUGV�8�57��

9,,��,2,2�7,0,1��7(676��

7KH� SXUSRVH� RI� WKH� WHVWV� �DV� WR� WHVW� WKH� URX�G� WULS�
WLPH� RI� FRPPX�LFDWLR�� IURP� ��GURLG� WR� WKH� ,2,2�
ERDUG� D�G� EDFN�� 7KH� LGHD� �DV� WR� PHDVXUH� WKH� GHOD�V�
WKDW� L�FXUUHG� GXUL�J� WKLV� FRPPX�LFDWLR�� SURFHVV��
7KHVH�WHVWV��HUH�SHUIRUPHG�WR�DVVHVV�WKH�VHWXS�V�IHDVL�
ELOLW�� IRU� WDUJHW� V�VWHPV� FRPPX�LFDWLR�� WLPL�J� UH�
TXLUHPH�WV���KLFK� DUH�YHU��VWULFW� IRU�DXWRPDWLR��FR��
WURO� V�VWHPV�� 7KH� JRDO��DV� WR� DFKLHYH� D� VLJ�DO� F�FOH�
WLPH�RI�OHVV� WKD�������PV�EHFDXVH� LW�VXIILFHG�WKH�WLP�
L�J�UHTXLUHPH�WV�RI�WKH�WDUJHW�DXWRPDWLR��V�VWHPV���
�
�
�

��

�����������������������������
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�

�

�

�

�
�
)LJXUH����7KH�KDUG�DUH�VHWXS�IRU�WKH�WHVWV��
�

�
�
)LJXUH����7KH�VFUHH��VKRW�RI�WKH�DSSOLFDWLR���
�

����DUG�DUH��H��S�

7KH� VHW�XS�L�FOXGHV� WKH�7VX�DPL�ERDUG� UX��L�J����
GURLG� FR��HFWHG� WR� WKH� ,2,2� ERDUG� WKURXJK� 86%� L��
��GURLG�'HEXJ�%ULGJH���'%��PRGH��7KH�RWKHU�SRVVL�
ELOLW�� �RXOG� KDYH� EHH�� D� FR��HFWLR�� RYHU� %OXHWRRWK�
�KLFK� �RXOG� DGGLWLR�DOO�� L�FOXGH� LWV� R��� GHOD�V��
7KHUHIRUH�WKH�GLUHFW�SK�VLFDO�FR��HFWLR��YLD�86%��DV�
XVHG�L�VWHDG���
)RU� WKH� KDUG�DUH�� R�H�SL�� ������RI� WKH� ,2,2� ERDUG�

�DV� VHW� DV� GLJLWDO� RXWSXW� L�� WKH� DSSOLFDWLR��� �KLFK�
WXU�V� R�� D�� /('�� �KH�� VHW� WR� WUXH� �R���� D�G� WXU�V� LW�
RII�� �KH�� VHW� WR� IDOVH� �RII��� 7KH� RXWSXW� RI� WKLV� SL��
������LV�JLYH��DV�L�SXW�WR�D�RWKHU�SL��R��WKH�ERDUG��SL��
����� �KLFK� LV� FR�ILJXUHG� DV� GLJLWDO� L�SXW�� :LWK� WKLV�
VHWXS�D� KDUG�DUH� ORRS� LV� FUHDWHG� R�� WKH� ,2,2�ERDUG��
�KLFK� IRUPV�D�F�FOH� RI�R��D�G�RII� VLJ�DOV� OLNH�D� UL�J�
RVFLOODWRU�� ��� RVFLOORVFRSH� �DV� XVHG� WR� PR�LWRU� WKH�
VLJ�DO� DFURVV�WKH�/('���KLFK��DV� WKH� GHVLUHG� UHSHDW�
L�J�GLJLWDO�VLJ�DO��)LJ����VKR�V�WKH�KDUG�DUH�VHWXS�IRU�
WKH�WHVWV��

����RI��DUH��SSOLFD�LR��

7KH� VRIW�DUH�XVHV�WKH� ,2,2�OLEUDU��D�G�WXU�V�R��WKH�
GLJLWDO� RXWSXW� SL���KH�� WKH� ��H�HUDWH� 6LJ�DO��EXWWR��
LV�SUHVVHG�L�� WKH�DSSOLFDWLR���,I�WKH�ORJLFDO�VWDWH�RI�WKH�
L�SXW�SL��LV�FKD�JHG��WKH��WKLV�VWDWH�LV�L�YHUWHG�D�G�VHW�
WR�WKH�RXWSXW�SL���7KH�SURFHVV�RI�FKD�JL�J�WKH�ORJLFDO�
VWDWH� RI� WKH� RXWSXW� SL�� X�WLO� WKH� L�SXW� SL�� UHSUHVH�WV�

WKLV�ORJLFDO�VWDWH�LV�R�H�F�FOH��%��SUHVVL�J�WKH���H�HU�
DWH� VLJ�DO�� EXWWR�� WKLV� SURFHVV� UX�V� L�� D� ORRS� X�WLO�
�����LI�WKHVH�F�FOHV�DUH�UX�� WKURXJK�D�G�VXEVHTXH�WO��
WKH�PHD��YDOXH�RI�WKH�UHDGL�JV�D�G�WKH�YDULD�FH�RI�WKH�
UHDG�YDOXHV� DUH�GLVSOD�HG�XVL�J� WKH�7H[W9LH���LGJHW�
DYDLODEOH� L�� WKH� ��GURLG� �3,�� )LJ���� VKR�V� D� VFUHH��
VKRW�RI� WKH�DSSOLFDWLR��WKDW��DV�GHYHORSHG�WR�SHUIRUP�
WKH�WHVWV��

����HD��UHPH����

7�R�W�SHV�RI�PHDVXUHPH�WV��HUH�WDNH��IRU�WKH�WHVWV��
2�H� �DV� VRIW�DUH� WLPL�J� L�� WKH� DSSOLFDWLR��LWVHOI� IRU�
R�H�FRPSOHWH� F�FOH� RII� R��D�G�RII� ��KLFK�PHD�V� W�R�
F�FOHV�RI�WKH�,2,2�ERDUG���7KH�RWKHU�R�H��DV�XVL�J�D��
RVFLOORVFRSH�DFURVV�WKH�/('�L�� WKH� KDUG�DUH�VHWXS� WR�
PHDVXUH�WKH�WLPH�SHULRG�RI�R�H�VLJ�DO�F�FOH��
7KH� VRIW�DUH� PHDVXUHPH�WV� FRXOG� EH� KDOYHG� D�G�

FRPSDUHG�WR�WKH�GXUDWLR��RI�R�H�VLJ�DO�F�FOH���OWHU�D�
WLYHO�� W�R�VLJ�DO�F�FOHV��R��D�G�RII��FRXOG�EH�FR�VLG�
HUHG� DV� R�H� VRIW�DUH� F�FOH� GXUDWLR�� D�G� WKH� WLPL�JV�
FRXOG�EH� FRPSDUHG��7KH� VHFR�G�RSWLR��RI�WDNL�J� W�R�
FR�VHFXWLYH�R��D�G�RII�VLJ�DOV��DV�FKRVH���7KH�UHVXOWV�
DUH�GLVFXVVHG�EHOR����

����H����D�H��

����LIIHUH����RDG��R�GL�LR����

2�H�LPSRUWD�W�DVSHFW� LV� WKH�GHSH�GH�F��R��WKH�ORDG�
FR�GLWLR�V�RI� WKH��38�� L�H�� IURP� RWKHU�SURFHVVHV� UX��
�L�J� TXDVL�VLPXOWD�HRXVO�� L�� WKH� ��GURLG� GHYLFH��
7KUHH�ORDG�FR�GLWLR�V��HUH�WHVWHG� WR�JH�HUDWH�D�VHW�RI�
UHVXOWV��7KH�ILUVW�R�H��DV�WR�UX��WKH�WHVW�DSSOLFDWLR��E��
LWVHOI���LWK��R�RWKHU�DSSOLFDWLR�V�UX��L�J��7KH�VHFR�G�
R�H� �DV� �LWK� D� PHGLXP� ORDG� FR�GLWLR�� �LWK� VRPH�
RWKHU� DSSOLFDWLR�V� UX��L�J� L�� WKH� EDFNJURX�G�� 7KH�
WKLUG�R�H� �DV� D� KLJK� ORDG� FR�GLWLR�� �LWK� HYH�� PRUH�
DSSOLFDWLR�V�UX��L�J�L��WKH�EDFNJURX�G�����

����OHHS�)��F�LR���

)RU�D�RWKHU�WHVW� VFH�DULR� WKH� VOHHS� IX�FWLR���DV� L��
WURGXFHG�L��WKH�ORRS�WHVW��,��HDFK�RSHUDWLR��WKH�ORRSL�J�
WKUHDG�RI�WKH� ,2,2�WHVW� DSSOLFDWLR�� LV�SXW�WR�VOHHS� IRU�
GLIIHUH�W�DPRX�WV�RI�PLOOLVHFR�GV���IWHU� WKH�WLPH�H[�
SLUHV�WKH�WKUHDG�LV�DYDLODEOH�DJDL��IRU�VFKHGXOL�J�D�G�LV�
H[HFXWHG� ���@�� 7KLV� �DV� GR�H� WR� JHW� D�� LGHD� RI� WKH�
GHOD�V�WKDW�DUH�L�FRUSRUDWHG�E��UHOHDVL�J�D�G�UHDFTXLU�
L�J�WKH�SURFHVVRU���

�������D���HU�LFH�

��RWKHU� WHVW� VFH�DULR��DV� WR�GR� WKH� WLPL�J� WHVWV� E��
FRPPX�LFDWL�J� �LWK� WKH� ,2,2� ERDUG� L�� D�� ��GURLG�
VHUYLFH����VHUYLFH�LV�MXVW�OLNH�D�IRUHJURX�G�DSSOLFDWLR��
�DFWLYLW����7KH�R�O��GLIIHUH�FH�LV�WKDW�LW�GRHV��RW�KDYH�D�
XVHU�L�WHUIDFH�D�G�UX�V�R�O��L��WKH�EDFNJURX�G��LWKRXW�
D���XVHU�L�WHUDFWLR���7KH�ORRSL�J�WHVW��DV�WKH�VDPH�DV�
EHIRUH��WKLV�WLPH�R�O��WKH�DSSOLFDWLR���DV�UX��DV�D��
�
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�
)LJXUH����2VFLOORVFRSH�PHDVXUHPH�WV�IRU�WKH�OR��ORDG�VFH�DULR��

�

�
�
)LJXUH� ��� 6RIW�DUH�DSSOLFDWLR�� UHDGL�JV� IRU� WKH� OR�� ORDG� VFH�DULR�
WHVW��

�
VHUYLFH�� HYHU�WKL�J� HOVH� �DV� WKH� VDPH�� )XUWKHU� WKUHH��
VXE�VFH�DULRV�IRU�GLIIHUH�W�ORDG�FR�GLWLR�V��HUH�WHVWHG�
�KLFK�L�FOXGHG�WKH�IROOR�L�J��
•�5X��R�O��WKH�,2,2�VHUYLFH��
•�5X��WKH�VHUYLFH�SOXV�WKH�PXVLF�SOD�HU� DSSOLFDWLR��
FR�WL�XRXVO��UX��L�J�L��EDFNJURX�G�DV�D�VHUYLFH��

•�8VH� WKH� VHUYLFH�� WKH�PXVLF� SOD�HU� SOD�L�J� VR�JV�
SOXV�SOD�L�J�D�JDPH�DW�WKH�VDPH�WLPH�

9,,,��5(68/76��

����H�����L��R����OHHS�

2��DYHUDJH�D�GHOD��RI����PV��DV�H[SHULH�FHG�IRU�WKH�
W�R�VLJ�DO�F�FOHV��)URP�WKH�PHDVXUHPH�WV� LW��DV�VHH��
WKDW� DGGL�J� WKH� ORDG� GLG��W� UHDOO�� DIIHFW� WKH� DYHUDJH�
GXUDWLR�� D� ORW� �DW� OHDVW� L��PLOOLVHFR�GV�� EXW� WKH� YDUL�
D�FH� GLG� L�FUHDVH� �KH�� L�FUHDVL�J� WKH��XPEHU�RI�DS�
SOLFDWLR�V� UX��L�J�� � 8VL�J� D� �HE� VHUYHU� GXUL�J� WKH�
,2,2� RSHUDWLR�� L�FUHDVHG� WKH� PHD�� GXUDWLR�� DV��HOO��
�KLFK��DV� REYLRXV�GXH� WR� SURFHVVRU� VFKHGXOL�J��%XW�
DSDUW� IURP�R�O�� WKRVH�VSHFLILF�WLPHV� WKH� RVFLOORVFRSH�
UHDGL�JV��HUH�WKH�VDPH��7KLV�H[SODL�V���GURLG�VFKHG�
XOL�J� DV� �HOO�� 7KH� IRUHJURX�G� DFWLYLWLHV� KDYH� PRVW�
�a������RI�WKH��38�WLPH��KHUHDV�EDFNJURX�G�DFWLYL�
WLHV�VKDUH�R�O�� WKH� UHPDL�L�J� UHVRXUFHV��a���������@��
)LJ����VKR�V�WKH�RVFLOORVFRSH�LPDJH�RI�R�H�RI�WKH�WHVWV�
EHL�J�FDUULHG�RXW�IRU�WKH�OR��ORDG�VFH�DULR��

�
�
)LJXUH� ���� 2VFLOORVFRSH�PHDVXUHPH�WV� IRU� WKH� KLJK� ORDG� VFH�DULR�
D�G����PV�VOHHS�WLPH��
�
�
7DEOH����5HSHDWHG�UHDGL�JV�IRU�WKH�OR��ORDG�WHVW�VFH�DULR��
�

�
)LJ���� VKR�V� WKH� VRIW�DUH� UHVXOWV� RI� WKH� WLPL�J� WHVW�

IRU�WKH�VDPH�VFH�DULR�SUHVH�WHG�DERYH��7DEOH���VKR�V�
WKH� WLPL�J�PHDVXUHPH�WV� IRU� WKUHH� UHSHDWHG� WHVWV� IRU�
WKH� VDPH� VFH�DULR�� �KLFK� DUH� FR�VLVWH�W� H�RXJK� WR�
GHGXFH� UHVXOWV��5HDGL�JV��HUH��RWHG�IRU�WKH�RWKHU�WHVW�
VFH�DULRV� DV��HOO��EXW�DUH�RPLWWHG�KHUH� GXH� WR� OLPLWHG�
VSDFH��

����H�����L����OHHS�

)RU� WKLV� VHW� RI� PHDVXUHPH�WV� D� KXJH� YDULDWLR�� EH�
W�HH�� WKH� RVFLOORVFRSH� UHDGL�JV� �DV� REVHUYHG�� �OVR�
�KH��FRPSDUHG�WR� WKH�UHDGL�JV�RI�WKH� VRIW�DUH�DSSOL�
FDWLR�� WKH� UHDGL�JV�GR��W�PDWFK� DV� IRU� WKH� WHVW�PHDV�
XUHPH�WV� L�� WKH� ��R� VOHHS� VFH�DULRV��� �R�HYHU�� WKH�
PHD�� YDOXHV� DUH� FR�VLVWH�W� EHW�HH�� GLIIHUH�W� WHVWV��
7KLV�L�GLFDWHV�WKDW� WKH�RVFLOORVFRSH�UHDGL�J�GHSH�GV�D�
ORW� R�� WKH� SRL�W� L�� WLPH� �KH�� WKH� RVFLOORVFRSH� �DV�
VWRSSHG� WR� WDNH� D� PHDVXUHPH�W�� :KHUHDV� WKH� GLIIHU�
H�FH�EHW�HH��WKH�PHD��YDOXH�L��WKH�VRIW�DUH�DSSOLFD�
WLR��D�G�WKH�PHDVXUHG�RVFLOORVFRSH�YDOXHV�SUHVXPDEO��
DUH�FDXVHG�E��WKH�L�FUHDVHG�YDULD�FH��7KH�PHD��YDOXHV�
GLG��W� FKD�JH� D� ORW� L�� WKH� FRPSXWHG� UHVXOWV� EXW� WKH�
YDULD�FH�L�FUHDVHG�D�ORW���
7KH�UHVXOWV�DOVR�GHSLFW�WKDW�WKH�GHOD�V�DGGHG�E��DGG�

L�J� PRUH� ORDG� WR� WKH� SURFHVVRU� DUH� VPDOO� H�RXJK� WR�
UHPDL�� L�� WKH� JLYH��WLPL�J� UHTXLUHPH�WV�� �GGL�J� WKH�
VOHHS� IX�FWLR�DOLW�� L�FUHDVHV� WKH� WLPL�J� RI� WKH� �KROH�
VHWXS�E��DOPRVW�WKH�VDPH�DPRX�W�DV�WKH�VOHHS�IX�FWLR��
SXWV�WKH�WKUHDG�R��D�KROG���

�SSOLFDWLR���LWK��R�VOHHS��OR��ORDG��

WHVW�
��

PHD��GXUDWL�
R���PV��

YDULD�FH�
�PV��

RVFLOORVFRSH�
UHDGL�J��PV��

�� ������ ����� ���

�� ������ ����� ���

�� ������ ����� ���

��

�����������������������������
���������������������������������
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�
)LJ�����6RIW�DUH� DSSOLFDWLR��UHDGL�JV� IRU� WKH�KLJK� ORDG�D�G����PV�
VOHHS�VFH�DULR�WHVW���
�
7DEOH����5HSHDWHG�UHDGL�JV�IRU�WKH�KLJK�ORDG�WHVW�VFH�DULR��

�
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8�LYHUVLW����H�KDV�GR�H�D�3K�'��L��(OHFWULFDO�
(�JL�HHUL�J� DW� )UDX�KRIHU� ,�VWLWXWH� RI� 0L�
FURHOHFWUR�LFV� �LUFXLWV� D�G� 6�VWHPV�� 'XLV�
EXUJ���IWHU�YDULRXV�SRVLWLR�V�L��WKH� WHOHFRP�
PX�LFDWLR�V� D�G� VHPLFR�GXFWRU� L�GXVWU��� KH�
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FXUH��D�G�YDOXH�DGGHG�DOJRULWKPV�D�G�SURWR�
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L��WKH�ILHOG�RI�HPEHGGHG�GHVLJ��D�G��LUHOHVV�
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KDV�EHH���RUNL�J�IRU�WKH�FRPSD���)U��6DXWHU�
���L��%DVHO���H�KDV�RYHU�����HDUV�RI�H[SHUL�
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6DXWHU����DV�6RIW�DUH�(�JL�HHU�DW�WKH�7HFK�
�RORJLHV� GHSDUWPH�W�� �LV� PDL�� L�WHUHVWV� DUH�
�HE� EDVHG�JUDSKLFDO�XVHU� L�WHUIDFHV�� DV��HOO�
DV�PRELOH�DSSOLFDWLR�V��
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