
$GYDQFHG�80/�6W\OH�9LVXDOL]DWLRQ�RI�2:/�2QWRORJLHV��

-ǌOLMD�2YþLƼƼLNRYD
��.ƗUOLV�ýHUƗQV
�

MXOLMD�RYFLQQLNRYD#OXPLL�OY��NDUOLV�FHUDQV#OXPLL�OY�
,QVWLWXWH�RI�0DWKHPDWLFV�DQG�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�/DWYLD�

5DLQD�EOYG������5LJD��/9�������/DWYLD�

$EVWUDFW��7KH�2:/*U(G�RQWRORJ\�HGLWRU�DOORZV�JUDSKLFDO�YLVXDOL]DWLRQ�DQG�DX�
WKRULQJ�RI�2:/�����RQWRORJLHV�XVLQJ�D�FRPSDFW�\HW� LQWXLWLYH�SUHVHQWDWLRQ� WKDW�
FRPELQHV�80/�FODVV�GLDJUDP�QRWDWLRQ�ZLWK�WH[WXDO�2:/�0DQFKHVWHU�V\QWD[�IRU��
H[SUHVVLRQV��:H�GHVFULEH�KHUH�WKH�DSSURDFKHV�DYDLODEOH�IRU�RQWRORJ\�SUHVHQWDWLRQ�
ILQH�WXQLQJ�ZLWKLQ�WKH�2:/*U(G�HGLWRU��QDPHO\�WKH�RQWRORJ\�YLVXDOL]DWLRQ�RS�
WLRQ�IUDPHZRUN�DQG�WKH�HGLWRU�SOXJ�LQ�PHFKDQLVP�WRJHWKHU�ZLWK�FRQFUHWH�SOXJ�
LQV�DLPHG�WR�HQKDQFH�WKH�RQWRORJ\�SUHVHQWLQJ�DQG�HGLWLQJ�H[SHULHQFH��

.H\ZRUGV��2:/��2:/*U(G��80/�VW\OH�RQWRORJ\�YLVXDOL]DWLRQ��RQWRORJ\�YLV�
XDOL]DWLRQ�RSWLRQV�

�� ,QWURGXFWLRQ�

3UHVHQWLQJ�2:/�RQWRORJLHV� >�@� LQ�D�FRPSUHKHQVLEOH� IRUP� LV� LPSRUWDQW� IRU�RQWRORJ\�
GHVLJQHUV�DQG�WKHLU�XVHUV�DOLNH��7KH�JUDSKLFDO�IRUP�LQ�JHQHUDO�DQG�80/�FODVV�GLDJUDP�
QRWDWLRQ�LQ�SDUWLFXODU�RIIHUV�DQ�RSWLRQ�RI�EDVLF�YLVXDO�RQWRORJ\�FRQVWUXFW�SUHVHQWDWLRQ�
WKDW�DOORZV�OLQNLQJ�WRJHWKHU�FRQVWUXFWV�WKDW�DUH�UHODWHG�LQ�WKH�RQWRORJ\��H�J��DQ�REMHFW�
SURSHUW\�FDQ�EH�GHSLFWHG�DV�D�OLQH�FRQQHFWLQJ�LWV�GRPDLQ�DQG�UDQJH�FODVV�ER[HV���80/�
FODVV�GLDJUDPV�QHHG�WR�EH�H[WHQGHG�WR�FRSH�ZLWK�IXOO�2:/�����FRQVWUXFW�PRGHOLQJ��7KLV�
LV� VROYHG� LQ�GLIIHUHQW� JUDSKLFDO� QRWDWLRQV� LQ�GLIIHUHQW�ZD\V��6R��2'0�>�@�� GHILQHV� D�
80/�SURILOH�IRU�RQWRORJ\�SUHVHQWDWLRQ�DQG�2:/*U(G�>�@�DQG�7RS%UDLG�&RPSRVHU�>�@�
LQWHJUDWH�2:/�0DQFKHVWHU�6\QWD[�>�@�IRU�SUHVHQWLQJ�DGYDQFHG�2:/�FRQVWUXFWV�LQ�WH[�
WXDO�IRUP��7KH�XQLTXHQHVV�RI�2:/*U(G�OLHV�LQ�LWV�FRPELQHG�DELOLW\�WR�OD\�RXW�DQ�RQWRO�
RJ\�WKDW�LV�LPSRUWHG�RU�FUHDWHG�LQ�WKH�HGLWRU� LQ�D�FRPSDFW�JUDSKLFDO�80/�VW\OH�IRUP��
DQG�PDNH�IXUWKHU�PDQXDO�RQWRORJ\�HGLWLQJ�DGMXVWPHQW��92:/�>�@�YLVXDOL]HV�RQWRORJLHV�
E\� DQRWKHU� DSSURDFK� XVLQJ� JUDSKLFDO� SULPLWLYHV� ERWK� IRU� REMHFW� DQG� GDWD� SURSHUW\�
SUHVHQWDWLRQ��VR�REWDLQLQJ�D�PRUH�XQLIRUP�RQWRORJ\�SUHVHQWDWLRQ�LQ�D�G\QDPLF��\HW�UHDG�
RQO\��JUDSK�OLNH�IRUP��7KH�92:/�SUHVHQWDWLRQ�RI�WKH�VDPH�RQWRORJ\�ZLOO�DOVR�W\SLFDOO\�
UHTXLUH�PRUH�JUDSKLFDO�HOHPHQWV��WKDQ�2:/*U(G��

7KH�UHDO�VWUHQJWK�RI�RQWRORJ\�SUHVHQWDWLRQ�LQ�DQ�HGLWRU�OLNH�2:/*U(G�FRPHV�IURP�
WKH�XVHU¶V� DELOLW\� WR� ILQH�WXQH� WKH�RQWRORJ\�GLDJUDP�DIWHU� LWV� DXWRPDWHG� UHQGHULQJ� WR�
REWDLQ�GRFXPHQWDWLRQ�UHDG\�RQWRORJ\�SUHVHQWDWLRQV��6XFK�D�ILQH�WXQLQJ�PD\�LQYROYH�WKH�

�����������������������������������������������������������

�6XSSRUWHG��LQ�SDUW��E\�/DWYLDQ�6WDWH�5HVHDUFK�SURJUDP�1H[,7�SURMHFW�1R���³7HFKQRORJLHV�RI�
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GLDJUDP�REMHFW� UHSRVLWLRQLQJ��DV�ZHOO�DV� LWV�UH�VWUXFWXULQJ�XS�WR�IXOO�RQWRORJ\�HGLWLQJ�
IDFLOLWLHV�DYDLODEOH�LQ�WKH�WRRO��LQFOXGLQJ�H�J��PDQXDO�GHOHWLRQ�RI�LUUHOHYDQW�LQIRUPDWLRQ���

,Q�RUGHU�WR�DFKLHYH�D�KLJK�TXDOLW\�RQWRORJ\�SUHVHQWDWLRQ�LQ�WKH�WRRO��HYHQ�LQ�WKH�SUHV�
HQFH�RI�PDQXDO�ILQH�WXQLQJ�RSWLRQV�DYDLODEOH��WKH�TXDOLW\�RI�ILUVW�RQWRORJ\�GLDJUDP�FUH�
DWHG�XSRQ�WKH�LPSRUW�RI�WKH�RQWRORJ\�LQWR�WKH�WRRO�VWLOO�UHPDLQV�YHU\�LPSRUWDQW��6LQFH�
WKH�80/�GLDJUDPV��DV�ZHOO�DV�WKH�2:/*U(G�QRWDWLRQ�DOORZ�IRU�GLIIHUHQW�SUHVHQWDWLRQV�
RI�WKH�VDPH�VHPDQWLF�HOHPHQWV��H�J��D�JUDSKLFDO�DQG�WH[WXDO�RQH���DQG�GLIIHUHQW�RQWROR�
JLHV�PD\�FRUUHVSRQG�WR�GLIIHUHQW�GHVLUDEOH�RQWRORJ\�SUHVHQWDWLRQ�RSWLRQV��ZH�GHVFULEH�
KHUH� D� UH�IDFWRUHG� RQWRORJ\� YLVXDOL]DWLRQ� RSWLRQ� IUDPHZRUN� RIIHULQJ� D� QXPEHU� RI�
FKRLFHV�WKDW�WKH�XVHU�FDQ�PDNH�DOUHDG\�EHIRUH�LPSRUWLQJ�WKH�RQWRORJ\�LQWR�WKH�WRRO���

:H�GHVFULEH�KHUH�DOVR�D�QXPEHU�RI�2:/*U(G�SOXJLQV�WKDW�FDQ�EH�XVHG�IRU�GLDJUDP�
UHIDFWRULQJ�VHUYLFHV��DV�ZHOO�DV�LWV�VWUXFWXUDO�DQG�VHPDQWLFV�H[WHQVLRQV��7KLV�SDUW�RI�ZRUN�
H[WHQGV�WKH�HDUOLHU�DXWKRUV¶�ZRUN�RQ�GRPDLQ�VSHFLILF�RQWRORJ\�YLVXDOL]DWLRQV�>���@��WKLV�
SDSHU�GHVFULEHV�QHZ�UH�IDFWRULQJ�VHUYLFHV�SOXJ�LQ��DV�ZHOO�DV�UHYLHZV�WKH�SOXJ�LQ�PHFK�
DQLVP�DQG�FRQFUHWH�SOXJLQ�DUFKLWHFWXUH�IURP�WKH�RQWRORJ\�YLVXDO�SUHVHQWDWLRQ�SHUVSHF�
WLYH���7KH�HGLWRU�SOXJLQV�GHVFULEHG�KHUH�DUH�LQFOXGHG�LQ�WKH�2:/*U(G�WRRO�GRZQORDG�
DQG�FDQ�EH�DFWLYDWHG�RQ�GHPDQG�IRU�FRQFUHWH�SURMHFWV��7KH�2:/*U(G�HGLWRU�ZLWK�SUH�
LQVWDOOHG�FRQILJXUDWLRQ��DV�GHVFULEHG�KHUH��LV�DYDLODEOH�DW�KWWS���RZOJUHG�OXPLL�OY�SS��

�� 2:/*U(G�1RWDWLRQ�DQG�(GLWRU�

2:/*U(G� �KWWS���RZOJUHG�OXPLL�OY��� SURYLGHV� D� JUDSKLFDO� QRWDWLRQ� IRU� 2:/� �� >�@��
EDVHG�RQ�80/�FODVV�GLDJUDPV��2:/�FODVVHV�DUH�W\SLFDOO\�YLVXDOL]HG�DV�80/�FODVVHV��
GDWD�SURSHUWLHV�DV�FODVV�DWWULEXWHV��REMHFW�SURSHUWLHV�DV�DVVRFLDWLRQ�UROHV��LQGLYLGXDOV�DV�
REMHFWV��FDUGLQDOLW\�UHVWULFWLRQV�RQ�DVVRFLDWLRQ�GRPDLQ�FODVV�DV�80/�FDUGLQDOLWLHV��HWF��
7KH�80/�FODVV�GLDJUDPV�DUH�HQULFKHG�ZLWK�QHZ�H[WHQVLRQ�QRWDWLRQV��H�J���FI��>���@���

x� ILHOGV�LQ�FODVVHV�IRU�HTXLYDOHQW�FODVV��VXSHUFODVV�DQG�GLVMRLQW�FODVV�H[SUHVVLRQV�ZULW�
WHQ�LQ�0DQFKHVWHU�2:/�V\QWD[�>�@��

x� ILHOGV�LQ�DVVRFLDWLRQ�UROHV�DQG�DWWULEXWHV�IRU�HTXLYDOHQW��GLVMRLQW�DQG�VXSHU�SURSHUWLHV�
DQG�ILHOGV�IRU�SURSHUW\�FKDUDFWHULVWLFV��H�J���IXQFWLRQDO��WUDQVLWLYH��HWF���

x� DQRQ\PRXV�FODVVHV�FRQWDLQLQJ�HTXLYDOHQW�FODVV�H[SUHVVLRQ�EXW�QR�QDPH��
x� FRQQHFWRUV��DV�OLQHV��IRU�YLVXDOL]LQJ�ELQDU\�GLVMRLQW��HTXLYDOHQW��HWF��D[LRPV��
x� ER[HV�ZLWK�FRQQHFWRUV�IRU�Q�DU\�GLVMRLQW��HTXLYDOHQW��HWF��D[LRPV��
x� FRQQHFWRUV��OLQHV��IRU�YLVXDOL]LQJ�REMHFW�SURSHUW\�UHVWULFWLRQV�VRPH��RQO\��H[DFWO\��DV�

ZHOO�DV�FDUGLQDOLW\�UHVWULFWLRQV��

)LJ����FRQWDLQV�D�VLPSOH�GHPRQVWUDWLRQ�IUDJPHQW�RI�/DWYLDQ�0HGLFLQH�5HJLVWULHV�RQWRO�
RJ\�>��@�LQ�2:/*U(G�QRWDWLRQ��LOOXVWUDWLQJ�WKH�FODVV��GDWD�DQG�REMHFW�SURSHUW\��DV�ZHOO�
DV�VXEFODVV��VXE�SURSHUW\�DQG�REMHFW�SURSHUW\�UHVWULFWLRQ�QRWDWLRQ��GLIIHUHQW�ZD\V�RI�GLV�
MRLQW�FODVVHV��QRWDWLRQV��FODVV�OHYHO�LQOLQH�FRPPHQWV�DQG�RQWRORJ\�OHYHO�DQQRWDWLRQV��

7KH�2:/*U(G�WRRO�DOORZV�ERWK�IRU�RQWRORJ\�DXWKRULQJ��ZLWK�RSWLRQ�WR�VDYH�WKH�RQ�
WRORJ\�LQ�D�VWDQGDUG�WH[WXDO�IRUPDW��DQG�RQWRORJ\�YLVXDOL]DWLRQ�WKDW�LQFOXGHV�DXWRPDWHG�
RQWRORJ\�GLDJUDP�IRUPDWLRQ�DQG�OD\RXWLQJ�VWHS��IROORZHG�E\�RSWLRQDO�PDQXDO�GLDJUDP�
ILQH�WXQLQJ�WR�REWDLQ�WKH�KLJKHVW�TXDOLW\�UHQGHULQJ�RI�WKH�RQWRORJ\��
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�
)LJ�����'HPR�IUDJPHQW�RI�/DWYLDQ�0HGLFLQH�5HJLVWULHV�2QWRORJ\�

�� 2QWRORJ\�9LVXDOL]DWLRQ�3DUDPHWHUV�

7KH�80/�QRWDWLRQ�SURYLGHV�VHYHUDO�RSWLRQV�IRU�SUHVHQWLQJ�LWV�VHPDQWLF�HOHPHQWV�LQ�GLI�
IHUHQW�YLVXDO�ZD\V��7KLV�SULQFLSOH�LV�NHSW�DOVR�LQ�2:/*U(G�E\�LQFOXGLQJ�ERWK�JUDSKLFDO�
DQG�WH[WXDO�QRWDWLRQV�IRU�VXFK�VHPDQWLF�HOHPHQWV�DV�VXEFODVV�UHODWLRQV��REMHFW�SURSHUW\�
UHODWLRQV��DQQRWDWLRQV�DQG�REMHFW�SURSHUWLHV�DV�DVVRFLDWLRQ�UROHV�RU�DV�DWWULEXWHV��

7KH�DXWRPDWLF�RQWRORJ\�YLVXDOL]DWLRQ�LQ�2:/*U(G�E\�GHIDXOW�VKDOO�XVH�WKH�JUDSKLFDO�
QRWDWLRQ��LI�WKHUH�LV�QR�FOHDU�UHDVRQ�IRU�VZLWFKLQJ�WR�WH[WXDO�RQH��)LJ����VKRZV�D�ODUJHU�
IUDJPHQW�RI�0HGLFLQH�5HJLVWULHV�2QWRORJ\�LQ�D�JUDSKLFDO�QRWDWLRQ�IRU�DOO�REMHFW�SURSHU�
WLHV�DQG�REMHFW�SURSHUW\�UHVWULFWLRQV��DQG�ZLWK�VHSDUDWH�GLVMRLQW�FODVVHV�D[LRP�UHQGHULQJ��

7UDXPD

&DQFHU

3HUVRQ
SHUVRQ,'�VWULQJ
GDWH2I%LUWK�GDWH7LPH

&DQFHU7UHDWPHQW

7UDXPD7UHDWPHQW

'LDEHWHV7UHDWPHQW

��(QXP&ODVV!!
0HGLFDO(VWDEOLVKHPHQW
HVW1DPH�VWULQJ
HVW7\SH�VWULQJ

��GLVMRLQW!!

��GLVMRLQW!!

��(QXP&ODVV!!
'RFWRU

GRFWRU1DPH�VWULQJ
GRFWRU&RGH�VWULQJ

,OOQHVV7UHDWPHQW

��(QXP&ODVV!!
'LDJQRVLV

GLDJQ&RGH�VWULQJ
GLDJQ'HVFU�VWULQJ

'LDEHWHV

,OOQHVV&DVH

WUDXPD'LDJQRVLV
^�LOOQHVV'LDJQRVLV`

SDWLHQW

WUDXPD3DWLHQW
^�SDWLHQW`

FDQFHU3DWLHQW
^�SDWLHQW`

GLDE3DWLHQW ^�SDWLHQW`

LOOQHVV5HJ'RFWRU

WUDXPD5HJ'RFWRU ^�LOOQHVV5HJ'RFWRU`

FDQFHU5HJ'RFWRU ^�LOOQHVV5HJ'RFWRU`

GLDE5HJ'RFWRU ^�LOOQHVV5HJ'RFWRU`

WUHDWHG,O OQHVV&DVH RQO\

WUHDWHG,O OQHVV&DVH
RQO\

ZRUNSODFH

WUHDWPHQW3ODFH

WUHDWHG'LDJQRVLV

GLDE7U'LDJQRVLV
^�WUHDWHG'LDJQRVLV`

FDQFHU7U'LDJQRVLV
^�WUHDWHG'LDJQRVLV`

WUHDWLQJ'RFWRU

WUHDWHG,O OQHVV&DVH

FDQFHU'LDJQRVLV
^�LOOQHVV'LDJQRVLV`

WUHDWHG,O OQHVV&DVH
RQO\

GLDE'LDJQRVLV ^�LOOQHVV'LDJQRVLV`

LOOQHVV'LDJQRVLV

WUDXPD7U'LDJQRVLV ^�WUHDWHG'LDJQRVLV`

�
)LJ������0HGLFLQH�5HJLVWULHV�2QWRORJ\��D�ODUJHU�IUDJPHQW�LQ�D�JUDSKLFDO�QRWDWLRQ�

)RU�GLIIHUHQW�RQWRORJLHV�DQG�WKHLU�SDUWV��WKH�DSSURSULDWH�HOHPHQW�YLVXDOL]DWLRQ�PHWK�
RGV�PD\�GLIIHU�GHSHQGLQJ�RQ�WKH�RQWRORJ\�FRQWHQW��H�J��LI�WKH�RQWRORJ\�FRQWDLQV�D�VPDOO�

,OOQHVV&DVH

7UDXPD
�7UDXPD�LOOQHVV�FDVH�

&DQFHU
�&DQFHU�LOOQHVV�FDVH� 'LDEHWHV

�'LDEHWHV�LOOQHVV�
FDVH�

3HUVRQ
SHUVRQ,'�VWULQJ
GDWH2I%LUWK�GDWH7LPH

,OOQHVV7UHDWPHQW

^GLV MRLQẀ

&DQFHU7UHDWPHQW

7UDXPD7UHDWPHQW

'LDEHWHV7UHDWPHQW ��GLVMRLQW!!

��FRPPHQW!!
�,OOQHVV�FDVH�
DQG�SDWLHQW�
RQWRORJ\�
IUDJPHQW�

SDWLHQW

WUDXPD3DWLHQW
^�SDWLHQẀ

FDQFHU3DWLHQW
^�SDWLHQẀ

GLDE3DWLHQW ^�SDWLHQẀ

WUHDWHG,OOQHVV&DVH

WUHDWHG,OOQHVV&DVH
RQO\

WUHDWHG,OOQHVV&DVH
RQO\ WUHDWHG,OOQHVV&DVH

RQO\
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QXPEHU� RI� REMHFW� SURSHUW\� UHVWULFWLRQV�� D� EHWWHU� ZD\� WR� GLVSOD\� REMHFW� SURSHUW\� UH�
VWULFWLRQV�ZRXOG�EH�JUDSKLFDO��+RZHYHU��LW�ZRXOG�QRW�FDUU\�PXFK�LQIRUPDWLRQ�WR�GLVSOD\�
JUDSKLFDOO\�REMHFW�SURSHUW\�UHVWULFWLRQV�WKDW�DUH�EDVHG�RQ�RZO�7KLQJ�DV�WKH�WDUJHW�FODVV��
$�WH[WXDO� IRUP�REMHFW�SURSHUW\�UHVWULFWLRQ�YLVXDOL]DWLRQ�PD\�EH�IDYRUDEOH�DOVR� LQ� WKH�
SUHVHQFH�RI�D�ODUJH�QXPEHU�RI�WKHVH�UHVWULFWLRQV�LQ�WKH�RQWRORJ\���

7KH�RQWRORJ\�YLVXDOL]DWLRQ�SDUDPHWHU�IUDPHZRUN�RIIHUV�SDUDPHWHUV� IRU�LQFOXVLRQ���
QRW�LQFOXVLRQ�RI�GLIIHUHQW�REMHFW�W\SHV�LQ�RQWRORJ\�YLVXDOL]DWLRQ��H�J��RQH�FDQ�FKRRVH�WR�
YLVXDOL]H�RQWRORJ\�ZLWKRXW�GDWD�SURSHUW\�DQQRWDWLRQV�RU�ZLWKRXW�GLVMRLQW�FODVV�D[LRPV���
0RVW�RI�WKH�IUDPHZRUN�SDUDPHWHUV��KRZHYHU��UHIHU�WR�GLIIHUHQW�ZD\V��H�J��D�JUDSKLFDO��
RU�D�WH[WXDO�IRUP��RI�GLIIHUHQW�W\SH�HQWLW\�DQG�D[LRP�LQIRUPDWLRQ�YLVXDOL]DWLRQ��

)LJXUH���LOOXVWUDWHV�SDUDPHWHU�VHWWLQJ�LQWHUIDFH�LQFOXGLQJ�WKH�RSWLRQ�WR�UHSUHVHQW�VXE�
FODVV�UHODWLRQV�DV�WH[W�RU�JUDSKLFDOO\��,Q�JUDSKLFDO�PRGH�WKHUH�LV�D�SRVVLELOLW\�WR�GUDZ�
VXEFODVV�UHODWLRQV�DV�OLQHV�RU�FRPELQH�WKHP�WKURXJK�IRUNV��LI�WKHUH�DUH�PRUH�WKDQ�RQH�
VXEFODVV�IRU�D�JLYHQ�FODVV���

�
)LJ�����2QWRORJ\�9LVXDOL]DWLRQ�3DUDPHWHU�IRUP�LOOXVWUDWLRQ�

7KHUH�DUH�DOVR�SDUDPHWHUV�IRU�GLVMRLQW�FODVV�D[LRP�UHQGHULQJ�LQ�)LJ�����$ORQJ�ZLWK�
GLVMRLQW�FODVVHV�UHSUHVHQWDWLRQ�DV�WH[W�RU�JUDSKLFDOO\��LQ�D�VHSDUDWH�JUDSKLFDO�QRGH���WKHUH�
LV�D�SRVVLELOLW\� WR�JURXS�GLVMRLQWQHVV� UHODWLRQV�� LQWR�ER[HV� LI� WKHUH�DUH�PRUH� WKDQ� WZR�
GLVMRLQW�FODVVHV��DQG�LW�LV�SRVVLEOH�WR�KLGH�LQIRUPDWLRQ�LI�LW�LV�QRW�SUHVHQWHG�JUDSKLFDOO\��

$Q�LPSRUWDQW�RSWLRQ�LQ�80/�LV�D�SRVVLELOLW\�WR�PDUN�WKH�JHQHUDOL]DWLRQ�VHWV�DV�GLV�
MRLQW��7KLV�QRWDWLRQ�LV�EURXJKW�DOVR�RYHU�WR�2:/*U(G�VLQFH�LW�FDQ�JUHDWO\�VLPSOLI\�WKH�
JUDSKLFDO�GLDJUDP�DSSHDUDQFH��LI�WKH�GLVMRLQWQHVV�D[LRP�PDWFKHV�D�OHYHO�ZLWKLQ�WKH�FODVV�
KLHUDUFK\��,I�WKH�µ8VH�'LVMRLQW�PDUN�DW�IRUNV¶�ER[�LV�FKHFNHG�LQ�WKH�LPSRUW�SDUDPHWHU�
IRUP��WKH�RQWRORJ\�LPSRUWHU�LV�DEOH�WR�LGHQWLI\�WKH�FDVHV�ZKHQ�DOO�FODVV�VXEFODVVHV�DUH�
GLVMRLQW�DQG�DGG�VSHFLILF�^GLVMRLQW`�PDUN�WR�WKH�JHQHUDOL]DWLRQ�HOHPHQW��FI��WKH�JHQHUDO�
L]DWLRQ�VHW�QRWDWLRQ�IRU�WKH�VXEFODVVHV�RI�WKH�,OOQHVV7UHDWPHQW�FODVV�LQ�)LJ������

)LJXUH���DOVR�VKRZV�SRVVLEOH�H[WUD�FKRLFHV�WKDW�FDQ�EH�PDGH�IRU�WKH�VXEFODVV�UHOD�
WLRQV��VXFK�DV�³0DUN�WRS�OHYHO�QDPHG�FODVVHV�DV�VXEFODVVHV�RI�µ7KLQJ¶´��³'UDZ�VXEFODVV�
UHODWLRQV�WR�QDPHG�FODVV�$�IURP�H[SUHVVLRQ�µ$�DQG����¶´��³'UDZ�VXEFODVV�UHODWLRQV�IURP�
QDPHG�FODVVHV�WR�WKHLU�XQLRQ´��³+LGH�VXEFODVV�LQIRUPDWLRQ��LI�QRW�SUHVHQWHG�JUDSKLFDOO\´�
DQG�DQ�RSWLRQ�WR�FKRRVH�ZKHWKHU�WR�FUHDWH�DQRQ\PRXV�VXEFODVVHV�DV�ER[HV��RU�QRW��7KH�
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H[WUD�SDUDPHWHUV�DUH�OHIW�XQFKHFNHG�E\�GHIDXOW�WR�REWDLQ�OHVV�ORDGHG�JUDSKLFDO�SUHVHQWD�
WLRQ��KRZHYHU�WKH\�FDQ�EH�WXUQHG�RQ�WR�VKRZ�PRUH�FOHDU�FODVV�KLHUDUFK\��LI�GHVLUHG��

��(QXP&ODVV!!
'LDJQRVLV

GLDJQ&RGH�VWULQJ
GLDJQ'HVFU�VWULQJ

,OOQHVV7UHDWPHQW
WUHDWLQJ'RFWRU�'RFWRU
WUHDWPHQW3ODFH�0HGLFD O(VWDEOLVKHPHQW
WUHDWHG'LDJQRVLV�'LDJQRVLV
WUHDWHG,O OQHVV&DVH�,OOQHVV&DVH

&DQFHU7UHDWPHQW
�WUHDWHG,OOQHVV&DVH�RQO\�&DQFHU
FDQFHU7U'LDJQRVLV�'LDJQRVLV^�WUHDWHG'LDJQRVLV`

'LDEHWHV7UHDWPHQW
�WUHDWHG,OOQHVV&DVH�RQO\�'LDEHWHV
GLDE7U'LDJQRVLV�'LDJQRVLV^�WUHDWHG'LDJQRVLV`

7UDXPD
WUDXPD5HJ'RFWRU�'RFWRU^�LOOQHVV5HJ'RFWRU`
WUDXPD'LDJQRVLV�'LDJQRVLV^�LOOQHVV'LDJQRVLV`
WUDXPD3DWLHQW�3HUVRQ^�SDWLHQW`

^GLVMRLQW`

&DQFHU
FDQFHU5HJ'RFWRU�'RFWRU^�LOOQHVV5HJ'RFWRU`
FDQFHU'LDJQRVLV�'LDJQRVLV^�LOOQHVV'LDJQRVLV`
FDQFHU3DWLHQW�3HUVRQ^�SDWLHQW`

'LDEHWHV
GLDE5HJ'RFWRU�'RFWRU^�LOOQHVV5HJ'RFWRU`
GLDE'LDJQRVLV�'LDJQRV LV^�LOOQHVV'LDJQRVLV`
GLDE3DWLHQW�3HUVRQ^�SDWLHQW`

,OOQHVV&DVH
LOOQHVV5HJ'RFWRU�'RFWRU
LOOQHVV'LDJQRVLV�'LDJQRVLV
SDWLHQW�3HUVRQ

^GLVMRLQW`

3HUVRQ
SHUVRQ,'�VWULQJ
GDWH2I%LUWK�GDWH7LPH

7UDXPD7UHDWPHQW
�WUHDWHG,OOQHVV&DVH�RQO\�7UDXPD
WUDXPD7U'LDJQRVLV�'LDJQRVLV^�WUHDWHG'LDJQRVLV`

��(QXP&ODVV!!
0HGLFDO(VWDEOLVKHPHQW
HVW1DPH�VWULQJ
HVW7\SH�VWULQJ

��(QXP&ODVV!!
'RFWRU

GRFWRU1DPH�VWULQJ
GRFWRU&RGH�VWULQJ
ZRUNSODFH�
0HGLFDO(VWDEOLVKHPHQW

�
)LJ�����'HPR�IUDJPHQW�RI�/DWYLDQ�0HGLFLQH�5HJLVWULHV�2QWRORJ\��WH[WXDO�QRWDWLRQ�

)LJXUH���LOOXVWUDWHV�WKH�VDPH�0HGLFLQH�5HJLVWULHV�2QWRORJ\�RI�)LJ���ZLWK�VXEFODVV�
UHODWLRQV�SUHVHQWHG�JUDSKLFDOO\�DQG�GLVMRLQW�PDUNV�DW�IRUNV��ZKLOH�SUHVHQWLQJ�WH[WXDOO\�
WKH�REMHFW�SURSHUWLHV�DQG�REMHFW�SURSHUW\�UHVWULFWLRQV��7KH�REWDLQHG�RQWRORJ\�YLVXDOL]D�
WLRQ�KDV�OHVV�HOHPHQWV�WKDW�FDQ�EH�D�EHQHILW��KRZHYHU��WKH�WH[WXDO�UHSUHVHQWDWLRQ�RI�REMHFW�
SURSHUWLHV�DQG�REMHFW�SURSHUW\�UHVWULFWLRQV�VRPHZKDW�KLGHV�WKH�RQWRORJ\�VWUXFWXUH��

�� 2QWRORJ\�(GLWRU�3OXJLQV�

7R�HQKDQFH�WKH�RQWRORJ\�YLVXDOL]DWLRQ�ILQH�WXQLQJ�H[SHULHQFH�DIWHU�WKH�RQWRORJ\�LQLWLDO�
ORDGLQJ� LQWR� WKH� WRRO�� DV� ZHOO� DV� WR� VXSSRUW� GLIIHUHQW� FXVWRP� RQWRORJ\� YLVXDOL]DWLRQ�
PHDQV�DQG�WKH�RQWRORJ\�HGLWLQJ�ZRUN�LQ�JHQHUDO��WKH�2:/*U(G�RQWRORJ\�HGLWRU�FDQ�EH�
H[WHQGHG�E\�PHDQV�RI�SOXJLQV��7KH�RQWRORJ\�HGLWRU�SOXJLQV�RIIHU�HGLWRU�QRWDWLRQ�DQG�
HQYLURQPHQW�H[WHQVLRQ�PHDQV��LQ�D�VLPLODU�PDQQHU��DV�SURILOHV�GR�IRU�80/�FODVV�GLD�
JUDPV�>�����@��$�SOXJLQ�WR�WKH�RQWRORJ\�HGLWRU��PD\�LQFOXGH�VWUXFWXUDO�HGLWRU�V\PERO�
H[WHQVLRQV�ZLWK�ILHOGV�DQG�YLVXDO�HIIHFWV��DV�ZHOO�DV�HGLWRU�EHKDYLRU�H[WHQVLRQV��

7KH�2/:*U(G�SOXJLQ�IRU�RQWRORJ\�UH�VWUXFWXULQJ�LQFOXGHV�WUDQVIRUPDWLRQV�IRU�DG�
MXVWLQJ�WKH�RQWRORJ\�YLVXDO�SUHVHQWDWLRQ�DIWHU�LWV�DXWRPDWLF�YLVXDO�UHQGHULQJ��,W�DOORZV�
VZLWFKLQJ�EHWZHHQ�WKH�WH[WXDO�DQG�JUDSKLFDO�SUHVHQWDWLRQ�IRUP�IRU�FRQFUHWH�REMHFW�SURS�
HUW\�DQG�REMHFW�SURSHUW\�UHVWULFWLRQ�SUHVHQWDWLRQV�ZLWKLQ�WKH�RQWRORJ\�GLDJUDP��DV�ZHOO�
DV�UH�IDFWRULQJ�LQGLYLGXDO�GLVMRLQW�FODVVHV�D[LRP�SUHVHQWDWLRQ��H�J��IURP�D�VHSDUDWH�GLV�
MRLQW�ER[�WR�WKH�µGLVMRLQW¶�PDUN�DW�WKH�VXE�FODVV�IRUP�V\PERO���7KH�SOXJLQ�FDQ�EH�XVHG�
WR�WUDQVIRUP�H�J��WKH�RQWRORJ\�GLDJUDP�RI�)LJ����RU�)LJ����LQWR�WKH�RQH�RI�)LJ�����ZKHUH�
FHUWDLQ�REMHFW�SURSHUWLHV��LQ�WKH�FRQFUHWH�H[DPSOH�±�WKH�RQHV�QRW�KDYLQJ�VXSHU�SURSHU�
WLHV��DUH�GLVSOD\HG�LQ�D�JUDSKLFDO�IRUP�WR�EDODQFH�WKH�VWUXFWXUH�SUHVHQWDWLRQ�DQG�FRP�
SDFWQHVV� UHTXLUHPHQWV�� )RU� DQ� H[SHULHQFHG� 2:/*U(G� XVHU� LW� VKRXOG� WDNH� DERXW� ��
PLQXWHV�WR�FKDQJH�PDQXDOO\�WKH�RQWRORJ\�GLDJUDP�RI�H�J��)LJ����LQWR�WKH�RQH�RI�)LJ�����

7KH�RQWRORJ\�SUHVHQWDWLRQ�LQ�)LJ�����DV�ZHOO�DV�WKH�SUHVHQWDWLRQ�LQ�)LJ����DQG�)LJ����
XVHV�DOVR�D�FXVWRP�³HQXPHUDWHG�FODVV´�ERROHDQ�XVHU�ILHOG�SUHVHQWDWLRQ��
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��(QXP&ODVV!!
'LDJQRVLV

GLDJQ&RGH�VWULQJ
GLDJQ'HVFU�VWULQJ

��(QXP&ODVV!!
'RFWRU

GRFWRU1DPH�VWULQJ
GRFWRU&RGH�VWULQJ

,OOQHVV7UHDWPHQW
WUHDWLQJ'RFWRU�'RFWRU
WUHDWPHQW3ODFH�0HGLFD O(VWDEOLVKHPHQW
WUHDWHG'LDJQRVLV�'LDJQRVLV

^GLVMRLQW`

&DQFHU7UHDWPHQW
�WUHDWHG,OOQHVV&DVH�RQO\�&DQFHU
FDQFHU7U'LDJQRVLV�'LDJQRVLV^�WUHDWHG'LDJQRVLV`

'LDEHWHV7UHDWPHQW
�WUHDWHG,OOQHVV&DVH�RQO\�'LDEHWHV
GLDE7U'LDJQRVLV�'LDJQRVLV^�WUHDWHG'LDJQRVLV`

��(QXP&ODVV!!
0HGLFDO(VWDEOLVKHPHQW
HVW1DPH�VWULQJ
HVW7\SH�VWULQJ

3HUVRQ
SHUVRQ,'�VWULQJ
GDWH2I%LUWK�GDWH7LPH

7UDXPD
WUDXPD5HJ'RFWRU�'RFWRU^�LOOQHVV5HJ'RFWRU`
WUDXPD'LDJQRVLV�'LDJQRVLV^�LOOQHVV'LDJQRVLV`
WUDXPD3DWLHQW�3HUVRQ^�SDWLHQW`

,OOQHVV&DVH
LOOQHVV5HJ'RFWRU�'RFWRU
LOOQHVV'LDJQRVLV�'LDJQRVLV

7UDXPD7UHDWPHQW
�WUHDWHG,OOQHVV&DVH�RQO\�7UDXPD
WUDXPD7U'LDJQRVLV�'LDJQRVLV^�WUHDWHG'LDJQRVLV`

^GLVMRLQW`

&DQFHU
FDQFHU5HJ'RFWRU�'RFWRU^�LOOQHVV5HJ'RFWRU`
FDQFHU'LDJQRVLV�'LDJQRVLV^�LOOQHVV'LDJQRVLV`
FDQFHU3DWLHQW�3HUVRQ^�SDWLHQW`

'LDEHWHV
GLDE5HJ'RFWRU�'RFWRU^�LOOQHVV5HJ'RFWRU`
GLDE'LDJQRVLV�'LDJQRV LV^�LOOQHVV'LDJQRVLV`
GLDE3DWLHQW�3HUVRQ^�SDWLHQW`

SDWLHQW WUHDWHG,O OQHVV&DVH

ZRUNSODFH

�
)LJ�����'HPR�IUDJPHQW�RI�/DWYLDQ�0HGLFLQH�5HJLVWULHV�2QWRORJ\��FXVWRP�QRWDWLRQ�ZLWK�SOXJLQV�

,Q�JHQHUDO��WKH�HGLWRU�H[WHQVLRQV�ZLWK�V\PERO�ILHOGV�DQG�JUDSKLFDO�HIIHFWV�HQKDQFH�
WKH�RQWRORJ\�SUHVHQWDWLRQ�RSWLRQV�E\�LQWURGXFLQJ�GRPDLQ�VSHFLILF�QRWDWLRQV�LQWR�WKH�RQ�
WRORJ\�SUHVHQWDWLRQ��WKH�H[WHQVLRQV�FDQ�EH�FRQILJXUHG�WR�WDNH�LQWR�DFFRXQW�WKH�GRPDLQ�
VSHFLILF�QRWDWLRQV�DOVR�GXULQJ�WKH�RQWRORJ\�LPSRUW���WKH\�DUH�KDQGOHG�E\�D�JHQHULF�8VHU�
)LHOGV�SOXJLQ�>�@�WKDW�LV�FXUUHQWO\�SDUW�RI�WKH�GHIDXOW�2:/*U(G�HGLWRU�FRQILJXUDWLRQ��

7KH�DYDLODEOH�HGLWRU�HQKDQFHPHQWV��VXSSRUWHG�E\�WKH�8VHU�)LHOGV�SOXJLQ�>�@�LQFOXGH��

x� FXVWRP�ILHOGV��WRJHWKHU�ZLWK�WKHLU�VHPDQWLFV�PDSSLQJV��H�J��³HQXPHUDWHG�FODVV´���
x� FXVWRP�YLVXDO�HIIHFWV�IRU�WH[W�DQG�FKRLFH�ILHOGV�DQG�V\PEROV�GHSHQGHQW�RQ�FRQ�

FUHWH�WH[W�RU�FKRLFH�ILHOG�YDOXHV��H�J��D�EURZQ�GDUNHU�HQXPHUDWHG�FODVV�FRORU���
x� YLHZV�DSSO\LQJ�FHUWDLQ�YLVXDO�HIIHFWV�WR�WKH�HQWLUH�GLDJUDP��H�J��KLGLQJ�FHUWDLQ�LQ�

IRUPDWLRQ�IURP�WKH�SUHVHQWDWLRQ���7KH�GHIDXOW�2:/*U(G�FRQILJXUDWLRQ�LQFOXGHV�
YLHZV�IRU�KRUL]RQWDO�DQG�YHUWLFDO�DOLJQPHQW��DQG�KLGLQJ�DOO�DQQRWDWLRQV��

�
$Q�H[DPSOH�RI�RQWRORJ\�HGLWRU�SOXJLQ�WKDW�LQYROYHV�ERWK�WKH�XVHU�ILHOGV�DQG�FXVWRP�

IXQFWLRQDOLW\�GHILQLWLRQ�LV�WKH�GDWD�RQWRORJ\�VXSSRUW�SOXJLQ�>��@��LW�FRQWDLQV�WKH�DERYH�
FRQVLGHUHG�³HQXPHUDWHG�FODVV´�ILHOG�GHILQLWLRQ��,W�DOVR�DGGV�H[WUD�PD[LPXP�FDUGLQDOLW\�
��D[LRPV�WR�DOO�GDWD�DQG�REMHFW�SURSHUWLHV�WKDW�DUH�UHQGHUHG�LQ�WKH�HGLWRU�LQ�WKH�WH[WXDO�
IRUP�DQG�GR�QRW�KDYH�H[SOLFLW�FDUGLQDOLW\�VSHFLILFDWLRQ��7KH�SOXJLQ�DOVR�UHFRUGV�WKH�FODVV�
DWWULEXWH�RUGHULQJ�LQWR�DQ�DQQRWDWLRQ�VR�WKDW�WKLV�RUGHULQJ�FRXOG�EH�IXUWKHU�XVHG�LQ�DXWR�
PDWHG�XVHU�LQWHUIDFH�JHQHUDWLRQ�IRU�RQWRORJ\�FRQIRUPDQW�GDWD�EURZVLQJ��FI��>��@���

7KH�RWKHU�FXUUHQWO\�PDLQWDLQHG�2:/*U(G�HGLWRU�SOXJLQV�DUH���L��&RQWUROOHG�1DWXUDO�
/DQJXDJH��&1/��LQWHUIDFH�VXSSRUW�SOXJLQ��XVHG�WR�DXJPHQW�WKH�RQWRORJ\�ZLWK�OH[LFDO�
LQIRUPDWLRQ�LQ�>��@��DQG��LL��GDWDEDVH�WR�RQWRORJ\�PDSSLQJ�VXSSRUW�SOXJLQ�'%([SU�>��@��

�� &RQFOXVLRQV�

7KH�80/�VW\OH�YLVXDOL]DWLRQ�DQG�DXWKRULQJ�RI�2:/�RQWRORJLHV�KDV�EHHQ�SURYHQ�WR�EH�
D� VXFFHVVIXO� DOWHUQDWLYH� WR� RWKHU� RQWRORJ\� YLVXDOL]DWLRQ� DQG� DXWKRULQJ� PHDQV�� 7KH�
2:/*U(G�HGLWRU�LV�DEOH�WR�RIIHU�D�FRPSDFW�RQWRORJ\�QRWDWLRQ�E\�XVLQJ�2:/�0DQFKHV�
WHU�V\QWD[�>�@�IRU�WH[WXDO�SUHVHQWDWLRQ�RI�DGYDQFHG�RQWRORJ\�FRQVWUXFWV����
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:H�KDYH�GHVFULEHG�WKUHH�PHFKDQLVPV�WKDW�FDQ�EH�DSSOLHG�WR�HQKDQFH�WKH�RQWRORJ\�
YLVXDO�SUHVHQWDWLRQ�DQG�HGLWLQJ�H[SHULHQFH���L��RQWRORJ\�YLVXDOL]DWLRQ�SDUDPHWHUV���LL��
RQWRORJ\�SURILOHV�WKDW�PD\�HQKDQFH�WKH�XVHU�H[SHULHQFH�LQ�FUHDWLQJ�FRPSUHKHQVLEOH�DQG�
YLVXDOO\�DSSHDOLQJ�RQWRORJ\�SUHVHQWDWLRQV���LLL��RQWRORJ\�YLVXDOL]DWLRQ�WUDQVIRUPDWLRQ�
PHDQV��(DFK�RI�WKHP�FDQ�EH�IXUWKHU�GHYHORSHG�DQG�HQKDQFHG�WR�UHIOHFW�QHZ�RQWRORJ\�
UHQGHULQJ�SDWWHUQV��DV�ZHOO�DV�WR�UHVSRQG�WR�WKH�QHHGV�RI�FRQFUHDWH�XVH�FDVHV��

$�IXWXUH�ZRUN�GLUHFWLRQ�LV�DOVR�WR�PRYH�WKH�2:/*U(G�HGLWRU�WR�WKH�ZHE�HQYLURQ�
PHQW��WKLV�GHSHQGV�RQ�VXLWDEOH�WRRO�GHILQLWLRQ�IUDPHZRUN�DYDLODELOLW\�SURYLGLQJ�WKH�QHF�
HVVDU\�HGLWRU�GHILQLWLRQ�LQIUDVWUXFWXUH��WKLV�LV�ZRUN�LQ�SURJUHVV�LQ�LWVHOI��DV�ZHOO��

5HIHUHQFHV�

��� 0RWLN��%���3DWHO�6FKQHLGHU��3�)���3DUVLD��%���2:/���:HE�2QWRORJ\�/DQJXDJH�6WUXFWXUDO�
6SHFLILFDWLRQ�DQG�)XQFWLRQDO�6W\OH�6\QWD[��������

��� 2'0�80/�SURILOH�IRU�2:/��KWWS���ZZZ�RPJ�RUJ�VSHF�2'0�����3')��
��� %DU]GLQV��-���%DU]GLQV��*���&HUDQV��.���/LHSLQV��5���6SURJLV��$���2:/*U(G��D�80/�6W\OH�

*UDSKLFDO�1RWDWLRQ�DQG�(GLWRU�IRU�2:/����,Q��3URF��RI��2:/('�������������
��� 7RS%UDLG�&RPSRVHU��KWWS���ZZZ�WRSTXDGUDQW�FRP�WRROV�PRGHOLQJ�WRS�

EUDLG�FRPSRVHU�VWDQGDUG�HGLWLRQ���
��� 2:/� �� 0DQFKHVWHU� 6\QWD[�� KWWS���ZZZ�Z��RUJ�75�RZO��PDQFKHVWHU�

V\QWD[��
��� /RKPDQQ��6���1HJUX��6���+DDJ�)���(UWO��7���9LVXDOL]LQJ�2QWRORJLHV�ZLWK�92:/��6HPDQWLF�

:HE����������������������
��� &HUDQV��.���/LHSLQV��5���6SURJLV��$���2YFLQQLNRYD��-���%DU]GLQV��*���'RPDLQ�6SHFLILF�2:/�

2QWRORJ\�9LVXDOL]DWLRQ�ZLWK�2:/*U(G��,Q��(6:&������6DWHOOLWH�(YHQWV��6SULQJHU�/1&6��
SS������������������

��� &HUDQV��.���2YFLQQLNRYD��-���/LHSLQV��5���6SURJLV��$���$GYDQFHG�2:/�����2QWRORJ\�9LVX�
DOL]DWLRQ� LQ�2:/*U(G�� ,Q�� &DSOLQVNDV��$��� ']HP\GD�� *��� /XSHLNLHQH��$���9DVLOHFDV��2��
�HGV����'DWDEDVHV� DQG� ,QIRUPDWLRQ�6\VWHPV�9,,�� ,26�3UHVV��)URQWLHUV� LQ�$UWLILFLDO� ,QWHOOL�
JHQFH�DQG�$SSOLFDWLRQV��9RO������SS��������������

��� %DU]GLQV��-���&HUDQV��.���/LHSLQV��5���6SURJLV��$���80/�6W\OH�*UDSKLFDO�1RWDWLRQ�DQG�(GLWRU�
IRU�2:/����,Q��3URF��RI�%,5¶������/1%,3��6SULQJHU�������YRO������SS�����������������

���� %DU]GLQV��*���/LHSLQV��(���9HLODQGH��0���=YLHGULV��0��� �6HPDQWLF�/DWYLD�$SSURDFK� LQ� WKH�
0HGLFDO�'RPDLQ���3URF��'%	,6������+DDY��+�0���.DOMD��$���HGV����787�3UHVV��SS����������
��������

���� 8QLILHG�0RGHOLQJ�/DQJXDJH��,QIUDVWUXFWXUH��YHUVLRQ������20*�6SHFLILFDWLRQ�SWF�����������
KWWS���ZZZ�RPJ�RUJ�GRFV�SWF����������SGI�

���� 8QLILHG�0RGHOLQJ�/DQJXDJH��6XSHUVWUXFWXUH��YHUVLRQ������20*�6SHFLILFDWLRQ�SWF�����������
KWWS���ZZZ�RPJ�RUJ�GRFV�SWF����������SGI�

���� &HUDQV��.���%DU]GLQV��*���%XPDQV��*���2YFLQQLNRYD��-���5LNDFRYV��6���5RPDQH��$��DQG�=YLH�
GULV��0���$�5HODWLRQDO�'DWDEDVH�6HPDQWLF�5H�(QJLQHHULQJ�7HFKQRORJ\�DQG�7RROV����%DOWLF�
-RXUQDO�RI�0RGHUQ�&RPSXWLQJ��%-0&���9RO������������1R�����SS�����������

���� /LHSLQV��5���%RMDUV��8���*UX]LWLV�1���&HUDQV��.���&HOPV��(���7RZDUGV�6HOI�H[SODQDWRU\�2Q�
WRORJ\�9LVXDOL]DWLRQ�ZLWK�&RQWH[WXDO�9HUEDOL]DWLRQ��,Q�$UQLFDQV��*���$UQLFDQH��9���%RU]RYV��
-���1LHGULWH��/�� �HGV����'DWDEDVHV�DQG� ,QIRUPDWLRQ�6\VWHPV��6SULQJHU��&RPPXQLFDWLRQV� LQ�
&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH��9RO������SS�������������
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