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WƌŽŐƌĂŵŵĞ�ĚĞ�ůĂ�ũŽƵƌŶĠĞ 

,ŽƌĂŝƌĞ dŝƚƌĞ KƌĂƚĞƵƌ 

ϵŚϬϬ�-�ϵŚϭϱ �ĐĐƵĞŝů �ŽĐƚŽƌĂŶƚƐ�ĚƵ�>'/Ϯ� 

ϵŚϭϱ�-�ϵŚϯϬ �ŝƐĐŽƵƌƐ�ĚĞ�ďŝĞŶǀĞŶƵĞ 
�ůĂŝŶ�DĂůĞƐǇƐ�;�ŽǇĞŶ�ĚĞ�ůĂ�&ĂĐƵůƚĠ�ĚĞƐ�

^ĐŝĞŶĐĞƐ��ƉƉůŝƋƵĠĞƐĚĞ��ĠƚŚƵŶĞͿ 

ϵŚϯϬ�-�ϵŚϰϱ WƌĠƐĞŶƚĂƟŽŶ�ĚƵ�'Z�/^Ǉ,D 
&ƌĞĚĞƌŝĐ�sĂŶĚĞƌŚĂĞŐĞŶ�;WƌĠƐŝĚĞŶƚ�ĚƵ�

'Z�/^Ǉ,DͿ 

ϵŚϰϱ�-�ϭϬŚϭϱ >Ğ�ƐƚĂƚƵƚ�ŶĂƟŽŶĂů�ĠƚƵĚŝĂŶƚ-ĞŶƚƌĞƉƌĞŶĞƵƌ 
�ůŽĚŝĞ��ĞĐŬĞƌ�;�ŚĞĨ�ĚĞ�ƉƌŽũĞƚ�ĂƵ�,ƵďͲ

,ŽƵƐĞĚĞ�ůΖhŶŝǀĞƌƐŝƚĠ�ĚΖ�ƌƚŽŝƐͿ 

ϭϬŚϭϱ�-�ϭϬŚϰϱ WĂƵƐĞ�ĐĂĨĠ ͬ 

ϭϬŚϰϱ�-�ϭϭŚϭϱ 
>ĞƐ�ĚŝƐƉŽƐŝƟĨƐ�ĚΖĂŝĚĞƐ�ă�ůĂ�ĐƌĠĂƟŽŶ�ĚΖĞŶͲ

ƚƌĞƉƌŝƐĞ 
�ďĚĞůŬĂĚĞƌ��ŽƵƐŶĂŶĞ�;�ŝƌĞĐƚĞƵƌ�ĚĞ�ůΖ�

�ĚŝƚĞĐ�WĂƐ-ĚĞ-�ĂůĂŝƐͿ 

ϭϭŚϭϱ�-�ϭϭŚϰϱ sĂůŽƌŝƐĂƟŽŶ�ĚĞƐ�ƚƌĂǀĂƵǆ�ĚĞ�ƌĞĐŚĞƌĐŚĞ 
^ƚĠƉŚĂŶĞ��ƵĞǌ�;�ŝƌĞĐƚĞƵƌ��ŵŝĞŶƐ�ĚĞ�

ůĂ�^�dd�EŽƌĚͿ 

ϭϭŚϰϱ�-�ϭϮŚϰϱ 
dĠŵŽŝŐŶĂŐĞ�ĚĞ�ĚŽĐƚĞƵƌƐ-ĞŶƚƌĞƉƌĞŶĞƵƌƐ�

ĚĞ�ůĂ�ƌĠŐŝŽŶ�,ĂƵƚƐ-ĚĞ-&ƌĂŶĐĞ 

ZĠŵŝ��ƵŐƵƐƚĞ�;ĨŽŶĚĂƚĞƵƌ�ĚĞ�tĞĂǀĞͲ
ƌŝǌĞͿDĂƚŚŝĞƵ�DŽƵĐŚĞů�;�Ž-ĨŽŶĚĂƚĞƵƌ�

ĚĞ�ƌ,ĞƐƵ^��ŽŶƐƵůƟŶŐͿ 

ϭϮŚϰϱ�-�ϭϰŚϭϱ ZĞƉĂƐ�ƉƌŝƐ�ĂƵ�ƌĞƐƚĂƵƌĂŶƚ�ĚƵ��ƌŽƵƐ ͬ 

ϭϰŚϭϱ�-�ϭϰŚϯϬ >ĞƐ�ĞŵƉůŽŝƐ�ĂƉƌğƐ�ůĂ�ƚŚğƐĞ 
>ƵĚŽǀŝĐ�DĂĐĂŝƌĞ�;ZĞƉƌĠƐĞŶƚĂŶƚ�ĚĞ�ůΖ�

���^W/ĚŽŵĂŝŶĞ��ƵƚŽŵĂƟƋƵĞͿ 

ϭϰŚϯϬ�-�ϭϲŚϯϬ 
WƌĠƐĞŶƚĂƟŽŶ�ĚĞ�ĐŚĂƋƵĞ�ůĂďŽƌĂƚŽŝƌĞ�ƉĂƌ�

ƵŶ�ĚŽĐƚŽƌĂŶƚ 
�ŽĐƚŽƌĂŶƚƐ�ƉĂƌƟĐŝƉĂŶƚƐ 

ϭϲŚϯϬ�-�ϭϴŚϬϬ ^ĞƐƐŝŽŶ�ƉŽƐƚĞƌƐ �ŽĐƚŽƌĂŶƚƐ�ƉĂƌƟĐŝƉĂŶƚƐ 

ϭϴŚϬϬ�-�ϭϴŚϭϱ 
ZĞŵŝƐĞ�ĚƵ�Ɖƌŝǆ�ĚƵ�ŵĞŝůůĞƵƌ�ƉŽƐƚĞƌ�Ğƚ�ĐůŽͲ

ƚƵƌĞ�ĚĞ�ůĂ�:Z��ϮϬϭϳΎ 
�ŽŵŝƚĠ�ĚΖŽƌŐĂŶŝƐĂƟŽŶ 
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�&ODVVLILFDWLRQ�SDUWLHOOHPHQW�VXSHUYLVpH ��$SSOLFDWLRQ�DX�SDUWDJH�GH�FRQWU{OH�GDQV�XQ�
FRXSOH�FRQGXFWHXU��V\VWqPH�G¶DLGH�j�OD�FRQGXLWH��YpKLFXOH�DXWRQRPH� 

 

6pEDVWLHQ�5DPHO��)UpGpULF�3LFKRQ��)UDQoRLV�'HOPRWWH  
 

8QLY��$UWRLV��($������� 
/DERUDWRLUH�GH�*pQLH�,QIRUPDWLTXH�HW�G¶$XWRPDWLTXH�GH�O¶$UWRLV��/*,�$�� 

%pWKXQH��)-�������)UDQFH 
 

 'DQV� OH� FDGUH� GHV� V\VWqPHV� G¶DVVLVWDQFH� DX� FRQGXFWHXU� �$'$6�� GpYHORSSpV� SRXU� OHV� YpKLFXOHV� DXWRQRPHV��
O¶pWDW�GH�YLJLODQFH�GX�FRQGXFWHXU�HVW�SULV�HQ�FRQVLGpUDWLRQ�SRXU�IRXUQLU�XQH�DVVLVWDQFH�DSSURSULpH�DX[�EHVRLQV�HYROXWLIV�
GX�FRQGXFWHXU�GDQV�VD�WkFKH�GH�FRQGXLWH��(Q�HIIHW��OD�FRQQDLVVDQFH�HQ�WHPSV�UpHO�GH�OD�YLJLODQFH�GX�FRQGXFWHXU�SDU�OH�
YpKLFXOH� HVW� LQWpUHVVDQWH� SRXU� SHUPHWWUH� XQ� SDUWDJH� KDUPRQLHX[� GH� OD� WkFKH� GH� JXLGDJH� HQWUH� OH� FRQGXFWHXU� HW� OHV�
V\VWqPHV�$'$6���ORUVTXH�OH�FRQGXFWHXU�HVW�HQ�pWDW�GH�FRQGXLUH��YLJLODQW��OH�YpKLFXOH�SHXW�DORUV�EpQpILFLHU�GH�VRQ�DLGH�
ORUVTX¶LO� FLUFXOH�GDQV�GHV� FRQGLWLRQV�GpJUDGpHV��(Q� UHYDQFKH� ORUVTXH� OH� FRQGXFWHXU� HVW� FRQVLGpUp�GLVWUDLW�� OH� YpKLFXOH�
SULYLOpJLH�VD�FRQGXLWH�DXWRQRPH�j�FRQGLWLRQ�TXH�O¶HQYLURQQHPHQW�OH�SHUPHWWH�� 
8Q�GHV�GLVSRVLWLI�QRQ-LQWUXVLI�FRXUUDPHQW�XWLOLVp�SRXU�FH�IDLUH��V¶DSSXLH�VXU�OH�WUDLWHPHQW�G¶LPDJH�j�SDUWLU�G¶XQ�HQVHPEOH�
GH�FDPpUDV�SODFpHV�GDQV�O¶KDELWDFOH�SRXU�UHFRQQDLWUH�OHV�FDUDFWpULVWLTXHV�GX�YLVDJH�G
XQ�VXMHW��\�FRPSULV�OD�SRVLWLRQ�HW�
O
RULHQWDWLRQ� GH� OD� WrWH� GDQV� O
HVSDFH�� OD� GLUHFWLRQ� GX� UHJDUG� HW� SOXVLHXUV� DXWUHV� PHVXUHV�� '¶DXWUHV� LQGLFDWHXUV�
UHSUpVHQWDWLIV�VRQW�FDOFXOpV�j�SDUWLU�GHV�GRQQpHV�UHODWLYHV�j�OD�FRQGXLWH�HW�WUDQVPLVHV�VXU�OH�EXV�&$1�GX�YpKLFXOH�� 
$ILQ�GH�GHYHORSSHU�XQ�V\VWqPH�ILDEOH�GH�GpWHFWLRQ�GH�OD�GLVWUDFWLRQ�GX�FRQGXFWHXU��SUHQDQW��HQ�FRPSWH�HQ�SDUWLFXOLHU�OD�
G\QDPLTXH� VHORQ� ODTXHOOH� OH� FRQGXFWHXU� EDVFXOH� G¶XQ� pWDW� YLJLODQW� j� GLVWUDLW� HW� UpFLSURTXHPHQW� WRXW� DX� ORQJ� GH� OD�
FRQGXLWH��QRXV�H[SORLWRQV�OH�IRUPDOLVPH�GHV�0RGqOHV�GH�0DUNRY�&DFKpV�>�@�GDQV�OHTXHO�OHV�pWDWV�FDFKpV�UHSUpVHQWHQW�XQ�
FRQGXFWHXU�GLVWUDLW�RX�YLJLODQW�TXH�O¶RQ�FKHUFKH�j�UHFRQVWUXLUH�j�SDUWLU�GHV�GLYHUVHV�PHVXUHV�UHDOLVpHV�GDQV�OH�YHKLFXOH��
3OXV�SDUWLFXOLqUHPHQW�QRXV�FRQVLGpURQV�XQ�0RGqOH�GH�0DUNRY�3DUWLHOOHPHQW�&DFKp� >�@�SHUPHWWDQW� GH� IDLUH� YDORLU�� HQ�
SOXV��XQH�FRQQDLVVDQFH�SDUWLHOOH�VXU�VHV�pWDWV��LVVXH�GH� O¶H[SHUWLVH�G¶XQ�RUDFOH�� ORUV�GH� O
DSSUHQWLVVDJH�GX�PRGqOH��DILQ�
G
REWHQLU�GH�PHLOOHXUHV�SHUIRUPDQFHV�� 
(QILQ��SRXU�RSWLPLVHU�O¶pWLTXHWDJH�FR�WHX[�GHV�VpTXHQFHV�G¶REVHYDWLRQV�SDU�XQ�RUDFOH��QRXV��pWXGLRQV�OD�SRVVLELOLWp�
G
LQWpJUHU�O¶DSSUHQWLVVDJH�GLW�DFWLI�>�@�>�@�j�FHWWH�DSSURFKH�GDQV�OH�EXW�GH�VHOHFWLRQQHU�OHV�REVHUYDWLRQV�SRXU�OHVTXHOOHV�OH�
PRGqOH�HVW�OH�PRLQV�FRQILDQW�VXU�OD�UHFRQVWUXFWLRQ�GHV�pWDWV�D\DQW�JpQpUpV�FHV�REVHUYDWLRQV� 

 
5pIpUHQFHV � 
 
>�@�/DZUHQFH�5��5DELQHU��$�WXWRULDO�RQ�KLGGHQ�0DUNRY�PRGHOV�DQG�VHOHFWHG�DSSOLFDWLRQV�LQ�VSHHFK�UHFRJQLWLRQ��3URFHHG�
LQJV�RI�WKH�,(((� 
>�@�(PPDQXHO�5DPDVVR��7KLHUU\�'HQ°X[��0DNLQJ�XVH�RI�SDUWLDO�NQRZOHGJH�DERXW�KLGGHQ�VWDWHV�LQ�+00V���DQ�DSSURDFK�
EDVHG�RQ�EHOLHI�IXQFWLRQV��,(((�7UDQVDFWLRQ�RQ�)X]]\�6\VWHPV 
>�@�/L\DR�0D��6pEDVWLHQ�'HVWHUFNH��<RQJ�:DQJ��2QOLQH�$FWLYH�OHDUQLQJ�RI�GHFLVLRQ�WUHHV�ZLWK�HYLGHQWLDO�GDWD��3DWWHUQ�
5HFRJQLWLRQ��(OVHYLHU������������SS���-�� 
>�@� %ULJKDP� $QGHUVRQ�� $QGUHZ� 0RRUH�� $FWLYH� /HDUQLQJ� IRU� +LGGHQ� 0DUNRY� 0RGHOV� �� 2EMHFWLYH� )XQFWLRQV� DQG�
$ORJULWKPV��,&0/�
���3URFHHGLQJV�RI�WKH���QG�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�0DFKLQH�OHDUQLQJ 
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2SWLPLVDWLRQ�GH�OD�SODQLILFDWLRQ�GHV�VHUYLFHV�G¶KRVSLWDOLVDWLRQ�j�GRPLFLOH� 
 

/DLOD�(1-1$+/,� +DPLG�$//$28,� 6RKDLE�$ILIL��,VVDP�128$285, 
 

8QLY��$UWRLV��($������� 
/DERUDWRLUH�GH�*pQLH�,QIRUPDWLTXH�HW�G¶$XWRPDWLTXH�GH�O¶$UWRLV��/*,�$�� 

%pWKXQH��)-�������)UDQFH 
 
 
 /¶+RVSLWDOLVDWLRQ�¬�'RPLFLOH��+$'��UHSUpVHQWH�XQH�DOWHUQDWLYH�j�O¶KRVSLWDOLVDWLRQ�WUDGLWLRQQHOOH��DSSRUWDQW�GHV�
VRLQV�FRQWLQXV�HW�FRRUGRQQpV�j�GHV�SDWLHQWV� VRXIIUDQW�GH�SDWKRORJLHV�JUDYHV��DLJ�HV�RX�FKURQLTXHV��$YHF� OH�YLHLOOLVVH�
PHQW�GH�OD�SRSXODWLRQ��O
DXJPHQWDWLRQ�GH�O
HVSpUDQFH�GH�YLH�HW�O
DSSDULWLRQ�GH�SOXVLHXUV�PDODGLHV�FKURQLTXHV��OHV�VWUXF�
WXUHV�+$'�UpSRQGHQW�j�XQH�GHPDQGH�FURLVVDQWH�GH�SULVH�HQ�FKDUJH�j�GRPLFLOH��&HWWH�GHPDQGH�V
H[SULPH�WRXW�SDUWLFXOLq�
UHPHQW�FKH]� OHV�SHUVRQQHV�kJpHV�SRXU�TXL� O
KRVSLWDOLVDWLRQ�j�GRPLFLOH�FRQVWLWXHUDLW�XQ�FRQIRUW�PRUDO�HW�PDWpULHO� LQGp�
QLDEOH�� 
/HV�VWUXFWXUHV�+$'�VRQW�GHV�V\VWqPHV�FRPSOH[HV�HW�GLIILFLOHV�j�JpUHU�GH�SRLQW�GH�YXH�KXPDLQ�HW�PDWpULHO��'H�FH�IDLW��
HOOHV�GRLYHQW�rWUH�SDUIDLWHPHQW�RUJDQLVpHV��1RXV�SURSRVRQV��GDQV� OH�FDGUH�GH�FHWWH� WKqVH��XQ�RXWLO�G¶DLGH�j� OD�GpFLVLRQ�
EDVp�VXU�OD�SURJUDPPDWLRQ�OLQpDLUH�PL[WH�HW�GHV�PpWD-KHXULVWLTXHV�DILQ�G¶pWDEOLU�XQH�SODQLILFDWLRQ�TXRWLGLHQQH�GHV�VRLQV�
j�GRPLFLOH��1RXV�QRXV�LQWpUHVVRQV�j�OD�FRQFHSWLRQ�GHV�WRXUQpHV�GX�SHUVRQQHO�VRLJQDQW�FKH]�OHV�SDWLHQWV�HQ�UHVSHFWDQW�OHV�
FRQWUDLQWHV�GH� WHPSV��GLVSRQLELOLWp�GHV�SDWLHQWV���GH�V\QFKURQLVDWLRQ��OH�FDV�R��XQ�SDWLHQW�GHPDQGH�GHX[�LQWHUYHQWLRQV�
PpGLFDOHV�HQ�PrPH�WHPSV��HW�G¶DIILQLWp�HQWUH�OH�SHUVRQQHO�VRLJQDQW�HW�OH�SDWLHQW��(Q�HIIHW��GDQV�XQ�FRQWH[WH�EXGJpWDLUH�
UHVWULFWLI��LO�HVW�QDWXUHO�GH�YRXORLU�UDWLRQDOLVHU�OHV�FR�WV�PDLV�LO�HVW�WUqV�LPSRUWDQW�GH�WHQLU�FRPSWH�GH�O¶DVSHFW�KXPDLQ�SRXU�
XQH�PHLOOHXUH�SULVH�HQ�FKDUJH�j�GRPLFLOH��(WDQW�GRQQp�OD�QDWXUH�PXOWL�REMHFWLI�GH�QRWUH�SUREOqPH��PLQLPLVDWLRQ�GX�WHPSV�
GH� WUDMHW� WRWDO� HQWUH� OHV� GRPLFLOHV� GHV� SDWLHQWV��PD[LPLVDWLRQ� GX� QRPEUH�GHV� SDWLHQWV� YLVLWpV� SDU� OHV� SDWLHQWV� GH� OHXUV�
FKRL[��HW�O
pTXLOLEUDJH�GHV�WRXUQpHV��QRXV�DYRQV�FRQVLGpUp�O
RSWLPLVDWLRQ�PXOWL-REMHFWLI��/H�EXW�HVW�G¶RIIULU�DX�GpFLGHXU�
XQ�HQVHPEOH�GH�VROXWLRQV�SRXU�TX¶LO�SXLVVH�H[WUDLUH�OD�PHLOOHXUH�TXL�VDWLVIDLW�DX�PLHX[�VHV�REMHFWLIV� 
 
 
5pIpUHQFHV � 
 
>�@�%UHGVWU{P�'��5{QQTYLVW�0���������$�%UDQFK�DQG�3ULFH�$OJRULWKP�IRU�WKH�&RPELQHG�9HKLFOH�5RXWLQJ�DQG�6FKHGXO�
LQJ�3UREOHP�ZLWK�6\QFKURQL]DWLRQ�&RQVWUDLQWV��6651�(OHFWURQLF�-RXUQDO� 
>�@�%UHGVWU{P�'��5{QQTYLVW�0���������&RPELQHG�YHKLFOH� URXWLQJ�DQG�VFKHGXOLQJ�ZLWK� WHPSRUDO�SUHFHGHQFH�DQG�V\Q�
FKURQL]DWLRQ�FRQVWUDLQWV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK� 
>�@�/DLOD�(1-1$+/,��6RKDLE�$ILIL��+DPLG�$//$28,�� ,VVDP�128$285,�� ,WHUDWHG�/RFDO�6HDUFK�IRU�YHKLFOH�URXWLQJ�
SUREHP�ZLWK�WLPH�ZLQGRZV�DQG�V\QFKURQL]DWLRQ�LQ�KRPH�KHDOWK�FDUH�VHUYLFHV��)$&���,(((���,)256���,),3���,1)2506�
0DQXIDFWXULQJ�0RGHOOLQJ��0DQDJHPHQW��DQG�&RQWURO��RUJDQL]HG�������7UR\HV��)UDQFH��������� 
>�@�/DLOD�(1-1$+/,��+DPLG�$//$28,��,VVDP�128$285,��$�0XOWL-REMHFWLYH�PRGHOOLQJ�WR�KXPDQ�UHVRXUFH�DVVLJQ�
PHQW�DQG�URXWLQJ�SUREOHP� LQ� WKH�KRPH�KHDOWKFDUH�VHUYLFHV����WK� ,)$&�,(((�,),3�,)256�6\PSRVLXP�RQ� ,QIRUPDWLRQ�
&RQWURO�3UREOHPV�LQ�0DQXIDFWXULQJ�6\VWHPV���,1&20�������2WWDZD��&DQDGD��PDL�������� 

ϯ 

 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 

$�QHZ�PHWKRG�WR�HQKDQFH�RI�IDXOW�GHWHFWLRQ�DQG�GLDJQRVLV�LQ�JHDUER[�V\VWHPV 
 

5$71,�$]HGGLQH � 
 

/DERUDWRLUH�&5,6W$/��8QLYHUVLWp�GH�/LOOH�����)UDQFH��� 

 
 %HDULQJ SUREOHPV�DUH�RQH�PDMRU�FDXVH�IRU�GULYH�IDLOXUHV��WKHLU�GHWHFWLRQ�LV�SRVVLEOH�E\�YLEUDWLRQ�PRQLWRULQJ�RI�
FKDUDFWHULVWLF� EHDULQJ� IUHTXHQFLHV��+RZHYHU�� YLEUDWLRQ�PHDVXUHPHQW� LV� H[SHQVLYH� DQG� FDQQRW� DOZD\V� EH� DSSOLHG��1R�
ZDGD\V�0RWRU�FXUUHQW�VLJQDWXUH�DQDO\VLV��0&6$��LV�D�ZLGHO\�XVHG�PHWKRG�IRU�WKH�GHWHFWLRQ�RI�PHFKDQLFDO�IDXOW��0RUHR�
YHU�WKH�DGYDQWDJH�RI�0&6$�RYHU�YLEUDWLRQ�DQDO\VLV�LV�WKH�FXUUHQW�VHQVRUV��ZKLFK�DUH�FXUUHQWO\�SUHVHQW�DQG�RIWHQ�UHDG\�
IRU�FRQWURO�DQG�SURWHFWLRQ�SXUSRVHV��7KH�EHDULQJ�GHIHFWV�LQGXFH�YLEUDWLRQ��UHVXOWLQJ�LQ�WKH�PRGXODWLRQ�RI�WKH�LQGXFWLRQ�
PRWRU�FXUUHQW��7KLV�SDSHU�GHDO�ZLWK�WKH�DSSOLFDWLRQ�RI�PRWRU�FXUUHQW�IRU�WKH�GHWHFWLRQ�RI�EHDULQJ�IDXOW�XVLQJ�SDUN�YHFWRU�
PRGXOH��7KH�REWDLQHG�UHVXOWV�FOHDUO\�LOOXVWUDWH�WKDW�WKH�SURSRVHG�DSSURDFK�FDQ�EH�XVHG�WR�GHWHFW�WKH�SUHVHQFH�RI�EHDULQJ�
GDPDJH�ZLWK�KLJK VHQVLELOLW\� 
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0DWULFHV�DXUD�GHV�FRXOHXUV�IORXHV�SRXU�OD�VHJPHQWDWLRQ�GH�WH[WXUHV�FRXOHXU 
 

=RKUD�+DOLFKH������.DPDO�+DPPRXFKH���2OLYLHU�/RVVRQ���/XGRYLF�0DFDLUH�� 
 

���'pSDUWHPHQW�$XWRPDWLTXH��8QLYHUVLWp�0RXORXG�0DPPHUL��7L]L-2X]RX��$OJpULH� 
��/DERUDWRLUH�&5,6W$/��8QLYHUVLWp�GH�/LOOH�����)UDQFH��� 

 
 /H�FRQFHSW�$XUD� D� pWp� LQWURGXLW�SRXU� OD� SUHPLqUH� IRLV�SDU�(OIDGHO� HW�3LFDUG�GDQV� OH� FDGUH�GH� OD� V\QWKqVH�GHV�
WH[WXUHV�HQ�QLYHDX[�GH�JULV�>�@��&HWWH�DSSURFKH�HVW�EDVpH�VXU� OD� WKpRULH�GHV�HQVHPEOHV�HW�GpILQLW�GH�QRXYHOOHV�QRWLRQV�
WHOOHV�TXH�O
HQVHPEOH�$XUD��PHVXUH�$XUD�HW�PDWULFH�$XUD��/HV�PDWULFHV�DXUD�RQW�pWp�XWLOLVpHV�SRXU�OD�VHJPHQWDWLRQ�GHV�
LPDJHV�HQ�QLYHDX[�GH�JULV�>�@>�@�HW�OHXUV�H[WHQVLRQV�IORXHV��RQW�pWp�FRQoXHV�SRXU�FDUDFWpULVHU�OHV�LPDJHV�GH�WH[WXUHV�HQ�
QLYHDX[�GH�JULV�>�@��1RWUH�WUDYDLO�pWHQG�FHV�PDWULFHV�DX[��LPDJHV�FRXOHXUV�HW�PRQWURQV�TX¶HOOHV�SHUPHWWHQW�GH�VHJPHQWHU�
GHV�LPDJHV�FRXOHXUV��/D�PDWULFH�DXUD�GHV�FRXOHXUV�IORXHV��HVW�XQH�UHSUpVHQWDWLRQ�GHV�PHVXUHV�DXUD�FRXOHXUV�GH�WRXV�OHV�
VRXV-HQVHPEOHV�GH�FRXOHXUV�IORXHV�GpILQLHV�SDU�OHXUV�IRQFWLRQV�G¶DSSDUWHQDQFH��/D�PpWKRGH�GH�VHJPHQWDWLRQ�j�O¶DLGH�GH�
FHV�PDWULFHV�VH�GpURXOH�HQ�GHX[�pWDSHV��'DQV�OD�SUHPLqUH�pWDSH��QRXV�FKHUFKRQV�j�FDUDFWpULVHU�FKDTXH�SL[HO�GH�O¶LPDJH�
VLWXp�DX�FHQWUH�GH�FKDTXH�SDWFK�SDU��XQH�VHXOH�PDWULFH�DXUD�GHV�FRXOHXUV�IORXHV��0$&)��TXL�FDUDFWpULVH�OHV�LQWHUDFWLRQV�
HQWUH�VHV�SL[HOV�YRLVLQV�VLWXpV�GDQV�OH�PrPH�SDWFK��/H�YRLVLQDJH�FRQVLGpUp�SRXU�FKDTXH�SL[HO�GX�SDWFK�MRXH�XQ�U{OH�LP�
SRUWDQW�GDQV�OH�FDOFXO�GH�OD�PDWULFH��/HV�WUDYDX[�DQWpULHXUV�FRQVLGqUHQW�OH�YRLVLQDJH�GH�FKDTXH�SL[HO�FRPPH�XQ�pOpPHQW�
VWUXFWXUDQW� XWLOLVp� SDU� OD�PRUSKRORJLH�PDWKpPDWLTXH�PDLV� OH� FKRL[� � GH� YRLVLQDJH� HVW� GpOLFDW� TXDQG� OHV� � WDLOOHV� HW� OHV�
IRUPHV�GHV�REMHWV�GDQV�O
LPDJH�VRQW�YDULDEOHV��8QH�DXWUH�FRQWULEXWLRQ�HVW�GH�GpILQLU�OD�IRQFWLRQ�GH�YRLVLQDJH�VSpFLILTXH�j�
FKDTXH�SL[HO�j�DQDO\VHU��'DQV�OH�FRQWH[WH�GHV�HQVHPEOHV�IORXV��QRXV�PRQWURQV�TXH�OH�YRLVLQDJH�DGDSWDWLI�IORX�HVW�XWLOH�
SRXU�OD�VHJPHQWDWLRQ�G
LPDJH��/D�GHX[LqPH�pWDSH�GH�QRWUH�DOJRULWKPH�FRQVLVWH�j�UHJURXSHU�OHV�SL[HOV�D\DQW�GHV�DWWULEXWV�
VLPLODLUHV�HQ�FODVVHV�HQ�XWLOLVDQW�XQ�DOJRULWKPH�SOXV�SURFKH�YRLVLQ� 
 
5pIpUHQFHV� 
 
>�@�(OIDGHO��,��0���	�3LFDUG��5��:����������0LVFLELOLW\�PDWULFHV�H[SODLQ�WKH�EHKDYLRU�RI�JUD\-VFDOH�WH[WXUHV�JHQHUDWHG�E\�

*LEEV�UDQGRP�ILHOGV��,QWHOOLJHQW�5RERWV�DQG�&RPSXWHU�9LVLRQ��SS�����-���� 
>�@�+DOLFKH��=���	�+DPPRXFKH��.����������7KH�JUD\�OHYHO�DXUD�PDWULFHV�IRU�WH[WXUHG�LPDJH�VHJPHQWDWLRQ��$QDORJ�,QWH�

JUDWHG�&LUFXLWV�DQG�6LJQDO�3URFHVVLQJ�����������-��� 
>�@�+DOLFKH��=���+DPPRXFKH��.���	�3RVWDLUH��-��*���������-XQH���7H[WXUH�LPDJH�VHJPHQWDWLRQ�EDVHG�RQ�WKH�HOHPHQWV�RI�

*UD\�/HYHO�$XUD�0DWULFHV��,Q�&RPSXWHU�	�,QIRUPDWLRQ�7HFKQRORJ\��*6&,7��������*OREDO�6XPPLW�RQ��SS���-����
,(((� 

>�@�+DPPRXFKH��.��� /RVVRQ��2���	�0DFDLUH�� /�� �������� )X]]\� DXUD�PDWULFHV� IRU� WH[WXUH� FODVVLILFDWLRQ��
3DWWHUQ�5HFRJQLWLRQ���������-���� 
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2SWLPLVDWLRQ�VRXV�LQFHUWLWXGH�DYHF�OD�WKpRULH�GHV�IRQFWLRQV�GH�FUR\DQFH���DSSOLFDWLRQ�DX�
WUDQVSRUW�HW�j�OD�ORJLVWLTXH�� 

 
1DWKDOLH�+HODO�������)UpGpULF�3LFKRQ�������'DQLHO�3RUXPEHO�������'DYLG�0HUFLHU�����HW�eULF�

/HIqYUH����� 
 

�����8QLYHUVLWp�G¶$UWRLV��/*,�$��)-������%pWKXQH��)UDQFH� 
����&RQVHUYDWRLUH�1DWLRQDO�GHV�$UWV�HW�0pWLHUV��&('5,&�($�������3DULV��������)UDQFH� 

 
 7UDGLWLRQQHOOHPHQW��OHV�WUDYDX[�HQ�RSWLPLVDWLRQ�UHSRVHQW�VXU�GHV�FRQQDLVVDQFHV�SDUIDLWHV��2Q�SDUOH�DORUV�G¶RSWL�
PLVDWLRQ�GpWHUPLQLVWH��0DLV�OHV�LQFHUWLWXGHV�VRQW�GpVRUPDLV�GH�SOXV�HQ�SOXV�SUpVHQWHV�GDQV�OD�OLWWpUDWXUH�VXU�O¶RSWLPLVD�
WLRQ�FDU�GDQV�ELHQ�GHV�FDV�UpHOV�RQ�GRLW�RSWLPLVHU�VXU�GHV�GRQQpHV�QRQ�FRQQXHV�H[DFWHPHQW��/HV�LPSHUIHFWLRQV��TXL�HQWD�
FKHQW�FHV�GRQQpHV�HW�TXL�SHXYHQW�GRQF�DIIHFWHU� OH�SUREOqPH�G¶RSWLPLVDWLRQ�� VRQW�G¶RULJLQHV�PXOWLSOHV��/HV�SULQFLSDOHV�
VRXUFHV�G¶LPSHUIHFWLRQV�VRQW�������OHV�LQFHUWLWXGHV�GXHV�DX[�FRQWH[WHV��TXL�SHXYHQW�rWUH�UHSUp-�VHQWpHV�FRPPH�GHV�SDUD�
PqWUHV�QRQ�FRQWU{ODEOHV� �� ���� OHV� LQFHUWLWXGHV� FRQFHUQDQW� OHV� YDULDEOHV�GH�GpFLVLRQ�� ,O� HVW� GRQF� HVVHQWLHO� G¶XWLOLVHU� GHV�
IRUPDOLVPHV�SHUPHWWDQW�GH�PRGpOLVHU�OHV�LPSHUIHFWLRQV��LQFHUWLWXGHV��LPSUpFLVLRQV��������/¶XQ�GHV�IRUPDOLVPHV�XWLOLVpV�HVW�
OD�WKpRULH�GHV�SUREDELOLWpV��0DOKHXUHXVHPHQW��WRXWHV�OHV�LPSHUIHFWLRQV�QH�SHXYHQW�SDV�rWUH�FODLUHPHQW�PRGpOLVpHV�DYHF�
FHWWH�WKpRULH��&HV�OLPLWDWLRQV�RQW�SRXVVp�FHUWDLQV�DXWHXUV�YHUV�OH�GpYHORSSHPHQW�G¶DXWUHV�IRUPDOLVPHV�WHOV�TXH�OD�WKpRULH�
GHV�SRVVLELOLWpV�RX�OD�WKpRULH�GHV�IRQFWLRQV�GH�FUR\DQFH�>����@��&HWWH�GHUQLqUH�SHUPHW�GH�UHSUpVHQWHU�GH�PDQLqUH�UHODWLYH�
PHQW�QDWXUHOOH�OHV�FRQQDLVVDQFHV�HW�OHXUV�LPSHUIHFWLRQV��DLQVL�TXH�OHXUV�LQWHUDFWLRQV�HW�FRPSRVLWLRQV��&¶HVW�GRQF�DYHF�FH�
IRUPDOLVPH�TXH�OHV�LPSHUIHFWLRQV�VRQW�PRGpOLVpHV�GDQV�OH�FDGUH�GH�FHWWH�WKqVH��&HWWH�DSSURFKH�D�pWp�PLV�HQ�°XYUH�VXU�XQ�
SUREOqPH�FODVVLTXH�HQ�ORJLVWLTXH���/H�SUREOqPH�GH�WRXUQpHV�GH�YpKLFXOHV�DYHF�GHV�GHPDQGHV�LQFHUWDLQHV��'DQV�FH�FDGUH��
OHV�LQFHUWLWXGHV�VH�VLWXHQW�DX�QLYHDX�GHV�GHPDQGHV�GHV�FOLHQWV��2Q�D�GpYHORSSp�XQH�GpPDUFKH�j�O¶DLGH�GH�OD�WKpRULH�GHV�
IRQFWLRQV�GH� FUR\DQFH�R�� OHV� LQFHUWLWXGHV� DX�QLYHDX�GHV�GHPDQGHV�GHV� FOLHQWV� VRQW� UHSUpVHQWpHV�SDU� GHV� IRQFWLRQV�GH�
PDVVHV��(QVXLWH��RQ�D�DERUGp�FH�SUREOqPH�SDU�GHX[�PRGqOHV�TXL�UHSUHVHQWHQW�XQH�H[WHQVLRQ�GH�GHX[�DSSURFKHV�SULQFL�
SDOHV�GH� OD�SURJUDPPDWLRQ�VWRFKDVWLTXH� ��&KDQFH-&RQVWUDLQHG�3URJUDPPLQJ��DEUpJp�&&3�HW�6WRFKDVWLF�3URJUDPPLQJ�
ZLWK�5HFRXUVH��DEUpJp�635��'DQV�OH�SUHPLHU�PRGqOH��RQ�D�PRGLILp�XQ�PRGqOH�&&3�FODVVLTXH�SDU�XQ�PRGqOH�j�EDVH�GH�
FRQWUDLQWH�HQ�IRQFWLRQV�GH�FUR\DQFH��(YLGHQWLDO-&RQVWUDLQHG�3URJUDPPLQJ��DEUpJp�(&3���'DQV�FH�PRGqOH��OD�FRQWUDLQWH�
HQ�SUREDELOLWp�HVW�UHPSODFpH�SDU�GHX[�FRQWUDLQWHV�pYLGHQWLHOOHV���QRXV�LPSRVRQV�GHV�ERUQHV�PLQLPDOHV�SRXU�OD�FUR\DQFH�
HW� OD� SODXVLELOLWp� TXH� OD� VRPPH� GHV� GHPDQGHV� VXU� FKDTXH� URXWH� UHVSHFWH� OD� FDSDFLWp�� /H� GHX[LqPH� PRGqOH� DSSHOp�
�(YLGHQWLDO�5HFRXUVH��DEUpJp�(5���pWHQG�O¶DSSURFKH�635���VL�OH�YpKLFXOH�DUULYH�j�XQ�FHUWDLQ�FOLHQW�HW�QH�SHXW�SDV�VDWLV�
IDLUH�VD�GHPDQGH��LO�GRLW�UHWRXUQHU�DX�GpS{W�HW�UHYHQLU�DX�FOLHQW��/¶LQFHUWLWXGH�VXU�OHV�UHFRXUV�SRVVLEOHV�VXU�FKDTXH�URXWH�
HVW�UHSUpVHQWpH�SDU�XQH�IRQFWLRQ�GH�FUR\DQFH�HW�OH�FR�W�G¶XQH�URXWH�HVW�DORUV�VRQ�FR�W�FODVVLTXH��VDQV�UHFRXUV��DGGLWLRQQp�
GX�SLUH�FR�W�HVSpUp�GHV�UHFRXUV��2Q�D�DGDSWp�XQ�DOJRULWKPH�GH�UHFXLW�VLPXOp�SRXU�OHV�GHX[�PRGqOHV��HW�RQ�O¶D�WHVWp�VXU�
GHV�LQVWDQFHV�LQFHUWDLQHV�TX¶RQ�DYDLW�JpQpUpHV�j�SDUWLU�GHV�LQVWDQFHV�G¶$XJHUDW�>�@�SRXU�OH�SUREOqPH�GH�WRXUQpH�GH�YpKL�
FXOHV�GpWHUPLQLVWH�� 
 
5pIpUHQFHV � 
 
>�@�3K��6PHWV��5��.HQQHV��7KH�7UDQVIHUDEOH�%HOLHI�0RGHO��$UWLILFLDO�,QWHOOLJHQFH��YRO������SS�����-����������� 
>�@�*��6KDIHU��$�0DWKHPDWLFDO�7KHRU\�RI�(YLGHQFH��3ULQFHWRQ�8QLYHUVLW\�3UHVV�������� 
>�@�3��$XJHUDW��$SSURFKH�SRO\pGUDOH�GX�SUREOqPH�GH�WRXUQpHV�GH�YpKLFXOHV��3KG7KHVLV��,QVWLWXW�1DWLRQDO�3RO\WHFKQLTXH�
GH�*UHQREOH�-�,13*�������� 
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0RGpOLVDWLRQ�WKHUPLTXH�GH�GLIIpUHQWHV�FRQILJXUDWLRQV�GDQV�XQ�EkWLPHQW�HQ�XWLOLVDQW�O¶LGHQ�
WLILFDWLRQ�GH�V\VWqPHV�K\EULGHV� 

 
%DOVDP�$-,%��D����6DQGD�/HIWHULX��D����$QWRLQH�&DXFKHWHX[��E����6WpSKDQH�/HFRHXFKH��D�� 

 

�D��,07�/LOOH�'RXDL��8QLY��/LOOH��8QLWp�GH�5HFKHUFKH�,QIRUPDWLTXH�$XWRPDWLTXH��)-������/LOOH��)UDQFH� 
�E��&HUHPD�–�'7HU�2XHVW�–�'/5&$�����DYHQXH�GH�O¶$PLUDO�&KDXYLQ�������/HV�3RQWV�GH�&p��)UDQFH� 

 
 'DQV�O¶RSWLTXH�GH�FRQWU{OHU�O¶HQYLURQQHPHQW�LQWpULHXU�HW�SUpGLUH�OD�FRQVRPPDWLRQ�pQHUJpWLTXH�G¶XQ�EkWLPHQW��LO�
HVW�QpFHVVDLUH�GH�ELHQ�GpFULUH�VRQ�FRPSRUWHPHQW�WKHUPLTXH��3RXU�FHOD�� LO�IDXW�DYRLU�j�GLVSRVLWLRQ�GHV�PRGqOHV�ILDEOHV��
UREXVWHV�HW�IDFLOHV�j�LPSOpPHQWHU�SHUPHWWDQW�GH�ELHQ�REVHUYHU�HW�SUpYRLU� OH�FRPSRUWHPHQW� WKHUPLTXH�GHV�EkWLPHQWV�HQ�
WHPSV�TXDVL�UpHO��/D�SOXSDUW�GHV�PRGqOHV�H[SpULPHQWDX[�XWLOLVpV�DXMRXUG¶KXL�RQW�XQH�VWUXFWXUH� OLQpDLUH�FH�TXL� OHV�UHQG�
SHX�UHSUpVHQWDWLIV�GX�FRPSRUWHPHQW�JOREDO��(Q�HIIHW��OD�VXUYHQXH�GH�FHUWDLQV�pYpQHPHQWV�GDQV�XQ�EkWLPHQW��L�H��PHWWUH�OH�
FKDXIIDJH� HQ�PRGH�21�2))�� RXYULU�IHUPHU� OHV� SRUWHV�� IHQrWUHV� RX� YROHWV�� DIIHFWH� OH� FRPSRUWHPHQW� G\QDPLTXH� GH� OD�
WHPSpUDWXUH� LQWpULHXUH� HW� GH� FH� IDLW�� OHV�PRGqOHV� FODVVLTXHV� HQJHQGUHQW� XQH� GHVFULSWLRQ� LQFRPSOqWH� GH� OD� G\QDPLTXH�
WKHUPLTXH�G¶XQ�EkWLPHQW��3DU�FRQVpTXHQW��QRXV�SURSRVRQV�G¶XWLOLVHU�XQH�QRXYHOOH�WHFKQLTXH�SRXU�OD�GpWHFWLRQ�HW�OD�PR�
GpOLVDWLRQ�GH�GLIIpUHQWHV�FRQILJXUDWLRQV�SURGXLWHV�GDQV�XQ�EkWLPHQW��HQ�XWLOLVDQW� O¶DSSURFKH�GHV�V\VWqPHV�K\EULGHV��8Q�
V\VWqPH�K\EULGH�IDLW�LQWHUYHQLU�VLPXOWDQpPHQW�GHV�SKpQRPqQHV�GH�W\SH�G\QDPLTXH�FRQWLQXH�HW�pYpQHPHQWLHOOH��'DQV�FH�
WUDYDLO��QRXV�QRXV�LQWpUHVVRQV�j�O¶LGHQWLILFDWLRQ�G¶XQH�FODVVH�SDUWLFXOLqUH�GH�V\VWqPHV�G\QDPLTXHV�K\EULGHV��j�VDYRLU�OHV�
V\VWqPHV� G\QDPLTXHV� DIILQHV� SDU� PRUFHDX[� RX� 3:$� �3LHFH:LVH� DIILQH�� >�@�� 1RXV� XWLOLVRQV� XQ� PRGqOH� 3:$5;�
�3LHFH:LVH�$XWR5HJUHVVLYH�H;RJHQHRXV�LQSXW��>�@�FRQVWLWXp�G¶XQ�HQVHPEOH�GH�VRXV-PRGqOHV�DIILQHV��UHSUpVHQWDQW�FKD�
FXQ�XQH�FRQILJXUDWLRQ�SDUWLFXOLqUH�GDQV� OH�EkWLPHQW��FKDXIIDJH�21�2))��IHQrWUHV�IHUPpHV�RXYHUWHV��HWF��� >�@��/D�WHFK�
QLTXH�HVWLPH�OHV�SDUDPqWUHV�GX�PRGqOH�JUkFH�DX[�GRQQpHV�HQWUpH-VRUWLH�G¶DSSUHQWLVVDJH��(OOH�HVW�EDVpH�VXU�XQH�FODVVLIL�
FDWLRQ� QRQ� VXSHUYLVpH� FRPELQpH� DYHF�XQH� WHFKQLTXH�GH� UpJUHVVLRQ� OLQpDLUH��&HOD� FRQVLVWH� j� DOWHUQHU� O¶DVVLJQDWLRQ�GHV�
GRQQpHV� GH� UpJUHVVLRQ� j�XQ� VRXV-PRGqOH� HW� O¶HVWLPDWLRQ�GHV� SDUDPqWUHV� GH� FH� VRXV-PRGqOH�� $LQVL�� OD� FRQQDLVVDQFH� D�
SULRUL�GX�QRPEUH�GH�VRXV-PRGqOHV�Q¶HVW�SDV�QpFHVVDLUH��3RXU�SURXYHU�O¶HIILFDFLWp�GH�FHWWH�DSSURFKH��QRXV�SUpVHQWRQV�XQ�
H[HPSOH�H[SpULPHQWDO�UpDOLVp�GDQV�XQH�ERvWH�GH�WHVW�GRQW�OHV�GRQQpHV�QRXV�RQW�pWp�GpOLYUpHV�GDQV�OH�FDGUH�G¶XQ�ZRUNVKRS�
GH�O¶$QQH[����>�@�RUJDQLVp�SDU�O¶,($-(%&��,QWHUQDWLRQDO�(QHUJ\�$JHQF\(QHUJ\�LQ�%XLOGLQJV�DQG�&RPPXQLWLHV��>�@��/D�
ERvWH�GH�WHVW�D�pWp�VRXPLVH�j�SOXVLHXUV�H[SpULPHQWDWLRQV�VRXV�FRQGLWLRQV�PpWpRURORJLTXHV�QRUPDOHV�SRXU�XQH�SpULRGH�GH�
���MRXUV�DOODQW�GH������������MXVTX¶j�������������3DU�O¶XWLOLVDWLRQ�GHV�GRQQpHV�PHVXUpHV�GDQV�FHWWH�ERvWH�HW�OHV�GRQQpHV�
PpWpR��QRXV�DUULYRQV�j�PRGpOLVHU�OD�WHPSpUDWXUH�LQWpULHXUH�HW�SUpGLUH�VRQ�FRPSRUWHPHQW�IXWXU�� 
 
5pIpUHQFHV � 
 
>�@� (�6RQWDJ�� 1RQOLQHDU� UHJXODWLRQ�� WKH� SLHFHZLVH� OLQHDU� DSSURDFK�� ,(((� 7UDQVDFWLRQV� RQ� DXWRPDWLF� FRQWURO� ��� ����
����������-���� 
>�@�.�� %RXNKDURXED��0RGpOLVDWLRQ� HW� FODVVLILFDWLRQ� GH� FRPSRUWHPHQWV� G\QDPLTXHV� GHV� V\VWqPHV� K\EULGHV�� 7KqVH� GH�
O¶8QLYHUVLWp�GH�/LOOH��-XLQ������� 
>�@�%�$MLE��6�/HIWHULX��$�FDXFKHWHX[��3�7LWWHOHLQ�HW�6�/HFRHXFKH��6ZLWFKLQJ�PRGHOV�IRU�WKH�EXLOGLQJV�WKHUPDO�EHKDYLRU��
&RQIpUHQFH�,%36$��0DUQH-OD-9DOOpH��)UDQFH������� 
>�@�KWWSV���ZZZ�NXOHXYHQ�EH�EZI�SURMHFWV�DQQH[���� 
>�@�KWWS���ZZZ�LHD-HEF�RUJ�HEF�� 
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$�QHZ�PHWKRG�WR�HQKDQFH�RI�IDXOW�GHWHFWLRQ�DQG�GLDJQRVLV�LQ�JHDUER[�V\VWHPV 
 

5$71,�$]HGGLQH � 
 

/DERUDWRLUH�&5,6W$/��8QLYHUVLWp�GH�/LOOH�����)UDQFH��� 

 
 %HDULQJ SUREOHPV�DUH�RQH�PDMRU�FDXVH�IRU�GULYH�IDLOXUHV��WKHLU�GHWHFWLRQ�LV�SRVVLEOH�E\�YLEUDWLRQ�PRQLWRULQJ�RI�
FKDUDFWHULVWLF� EHDULQJ� IUHTXHQFLHV��+RZHYHU�� YLEUDWLRQ�PHDVXUHPHQW� LV� H[SHQVLYH� DQG� FDQQRW� DOZD\V� EH� DSSOLHG��1R�
ZDGD\V�0RWRU�FXUUHQW�VLJQDWXUH�DQDO\VLV��0&6$��LV�D�ZLGHO\�XVHG�PHWKRG�IRU�WKH�GHWHFWLRQ�RI�PHFKDQLFDO�IDXOW��0RUHR�
YHU�WKH�DGYDQWDJH�RI�0&6$�RYHU�YLEUDWLRQ�DQDO\VLV�LV�WKH�FXUUHQW�VHQVRUV��ZKLFK�DUH�FXUUHQWO\�SUHVHQW�DQG�RIWHQ�UHDG\�
IRU�FRQWURO�DQG�SURWHFWLRQ�SXUSRVHV��7KH�EHDULQJ�GHIHFWV�LQGXFH�YLEUDWLRQ��UHVXOWLQJ�LQ�WKH�PRGXODWLRQ�RI�WKH�LQGXFWLRQ�
PRWRU�FXUUHQW��7KLV�SDSHU�GHDO�ZLWK�WKH�DSSOLFDWLRQ�RI�PRWRU�FXUUHQW�IRU�WKH�GHWHFWLRQ�RI�EHDULQJ�IDXOW�XVLQJ�SDUN�YHFWRU�
PRGXOH��7KH�REWDLQHG�UHVXOWV�FOHDUO\�LOOXVWUDWH�WKDW�WKH�SURSRVHG�DSSURDFK�FDQ�EH�XVHG�WR�GHWHFW�WKH�SUHVHQFH�RI�EHDULQJ�
GDPDJH�ZLWK�KLJK VHQVLELOLW\� 



ϲ 

 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 

$SSUHQWLVVDJH�HW�VHJPHQWDWLRQ�SRXU�OH�VXLYL�GH�FRPSRUWHPHQWV�j�GRPLFLOH 
 

�6LG�$KPHG�:DOLG�7DOKD��$QWKRQ\�)OHXU\�HW�6WpSKDQH�/HFRHXFKH� 
 

�85,$��,07�/LOOH�'RXDL 
 

 /H��YLHLOOLVVHPHQW�GH�OD�SRSXODWLRQ�D�XQ�LPSDFW�IRUW�VXU�QRWUH�V\VWqPH�GH�VDQWp�GX�IDLW�G¶XQH�SOXV�IRUWH�SUpYD�
OHQFH�GH�PDODGLHV�OLpHV�j�O¶kJH��'H�QRPEUHX[�WUDYDX[�SRUWHQW�VXU�XQH�PpGHFLQH�SHUVRQQDOLVpH�HW�j�GLVWDQFH��SHUPHWWDQW�
DLQVL�GH� UpGXLUH� OH�FR�W�YLD� OH�QRPEUH�G¶HQWUpHV��'DQV�FH�FRQWH[WH��QRV� WUDYDX[�GH� WKqVH�YLVHQW�j�pWXGLHU� O¶DSSRUW�GHV�
WHFKQLTXHV�G¶DQDO\VH�GH�GRQQpHV�SRXU�OD�FRQVWUXFWLRQ�G¶LQGLFDWHXUV�VXU�O¶pYROXWLRQ�GH�OD�VDQWp�HW�GH�O¶DXWRQRPLH�G¶XQH�
SHUVRQQH�� 
1RWUH�O¶REMHFWLI�VHUD�GH�GpYHORSSHU�GHV�DOJRULWKPHV�SHUPHWWDQW�GH�FRQVWUXLUH�GHV�LQGLFDWHXUV�GH�TXDOLWp�GH�YLH�FDUDFWpUL�
VDQW�OHV�pYROXWLRQV�GH�O¶pWDW�GH�VDQWp�HW�OHV�pYHQWXHOOHV�GpJUDGDWLRQV�� 
1RWUH� WUDYDLO�YLVH�DLQVL�j�PHWWUH�DX�SRLQW�GLIIpUHQWV�DOJRULWKPHV�GH�PRGpOLVDWLRQ�JXLGpH�SDU� OHV�GRQQpHV�SHUPHWWDQW�GH�
FDUDFWpULVHU�HW�GH�VXLYUH�O¶DFWLYLWp�HW�OD�SRVWXUH�G¶XQH�SHUVRQQH�j�SDUWLU�GHV�PHVXUHV�GLVSRQLEOHV�DX[�GRPLFLOHV��GRQW�GHV�
GRQQpHV�LQHUWLHOOHV�GH�6PDUWSKRQH�� 
&HWWH�DSSURFKH�G¶DQDO\VH�GH�GRQQpHV�GHV�DFWLYLWpV�TXRWLGLHQQHV�VHUD�FRPSOpWpH�DYHF�OH�SRLQW�GH�YXH�GHV�SUDWLFLHQV�DILQ�
GH�FRQFHYRLU�GHV�LQGLFDWHXUV�GH�TXDOLWp�GH�YLH�V¶LQWpJUDQW�GDQV�OD�FKDvQH�GX�VXLYL�PpGLFDO�GH�OD�SHUVRQQH�HW�SRXYDQW�rWUH�
LQWHUSUpWDEOHV�GH�PDQLqUH�HIILFDFH�SDU�OH�FRUSV�PpGLFDO�� 
'DQV�XQH�SUHPLqUH�SKDVH�QRXV�DXURQV�j�UpDOLVHU� OD�VpOHFWLRQ�GHV�PHVXUHV�HW�SOXV�SDUWLFXOLqUHPHQW� OD�VHJPHQWDWLRQ�GHV�
PRWLIV�HW�GHV� IRQFWLRQV� WHPSRUHOOHV�SRXU� OD�FRQVWUXFWLRQ�G¶LQGLFDWHXUV� UREXVWHV�SRXU�XQH�XWLOLVDWLRQ�TXRWLGLHQQH��FHOD��
VDQV�SURWRFROH�G¶H[SpULPHQWDWLRQ�j�UHVSHFWHU��PHVXUHV�GLWHV�HQ�FRQGLWLRQV�pFRORJLTXHV��>�@�� 
'DQV�XQH�GHX[LqPH�SKDVH�QRXV�DXURQV�j�GpYHORSSHU�XQH�PpWKRGH�GH�PRGpOLVDWLRQ�DGDSWDWLYH�SHUPHWWDQW�GH�FDUDFWpULVHU�
HW�GH�VXLYUH� OHV�pYROXWLRQV�GX�PRGqOH�GH�FRPSRUWHPHQW�GH� OD�SHUVRQQH�YRLUH�GH�GpWHFWHU�XQH�SHUWH�G¶DXWRQRPLH��3RXU�
FHOD��XQH�K\EULGDWLRQ�HQWUH�WHFKQLTXHV�GH�UpJUHVVLRQ��GH�VHJPHQWDWLRQ�HW�GHV�PpWKRGHV�QRQ-OLQpDLUHV�VHUD�pWXGLpH�>���@�� 
'DQV�XQH�GHUQLqUH�SKDVH�QRXV�FRPSWDQW�LQWpJUHU�HW�IXVLRQQHU�OHV�PpWKRGHV�GpYHORSSpHV�GDQV�XQ�KDELWDW�LQWHOOLJHQW��DILQ�
G¶H[SpULPHQWHU�HW�G¶DIILQHU�OH�VXLYL�GH�O¶pWDW�JpQpUDO�GH�OD�SHUVRQQH�HW�G¶DPpOLRUHU�OD�GpFLVLRQ�HW�OD�OHYpH�GH�GRXWH�HQ�FDV�
G¶pYROXWLRQV�DQRUPDOHV�� 
 
5pIpUHQFHV� 
 
>�@�(OIDGHO��,��0���	�3LFDUG��5��:����������0LVFLELOLW\�PDWULFHV�H[SODLQ�WKH�EHKDYLRU�RI�JUD\-VFDOH�WH[WXUHV�JHQHUDWHG�E\�

*LEEV�UDQGRP�ILHOGV��,QWHOOLJHQW�5RERWV�DQG�&RPSXWHU�9LVLRQ��SS�����-���� 
>�@�+DOLFKH��=���	�+DPPRXFKH��.����������7KH�JUD\�OHYHO�DXUD�PDWULFHV�IRU�WH[WXUHG�LPDJH�VHJPHQWDWLRQ��$QDORJ�,QWH�

JUDWHG�&LUFXLWV�DQG�6LJQDO�3URFHVVLQJ�����������-��� 
>�@�+DOLFKH��=���+DPPRXFKH��.���	�3RVWDLUH��-��*���������-XQH���7H[WXUH�LPDJH�VHJPHQWDWLRQ�EDVHG�RQ�WKH�HOHPHQWV�RI�

*UD\�/HYHO�$XUD�0DWULFHV�� ,Q�&RPSXWHU�	�,QIRUPDWLRQ�7HFKQRORJ\��*6&,7��������*OREDO�6XPPLW�RQ��SS���-����
,(((� 

>�@�+DPPRXFKH��.���/RVVRQ��2���	�0DFDLUH��/����������)X]]\�DXUD�PDWULFHV�IRU�WH[WXUH�FODVVLILFDWLRQ��3DWWHUQ�5HFRJQL�
WLRQ���������-���� 

Ϯϯ 

 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 

'HYHORSPHQW�RI�D�&HQWUDO�2UGHU�3URFHVVLQJ�6\VWHP�LQWHJUDWLQJ�KRUL]RQWDO�DQG�YHUWLFDO�
FROODERUDWLRQ�IRU�2SWLPL]LQJ�'HPDQG-'ULYHQ�7H[WLOH�6XSSO\�&KDLQV 

 
.H�0D�����6pEDVWLHQ�7KRPDVVH\��DQG�;LDQ\L�=HQJ�� 

 
�(16$,7��*(07(;����$OOpH�/RXLVH�HW�9LFWRU�&KDPSLHU��������5RXEDL[��)UDQFH 

�6RRFKRZ�8QLYHUVLW\��&ROOHJH�RI�7H[WLOH�DQG�&ORWKLQJ�(QJLQHHULQJ��*DQMLDQJGRQJ�5RDG������6X]KRX��
&KLQD 

�8QLYHUVLW\�RI�%RUnV��'HSDUWPHQW�RI�%XVLQHVV�$GPLQLVWUDWLRQ�DQG�7H[WLOH�0DQDJHPHQW��$OOpJDWDQ����
�������%RUnV��6ZHGHQ 

 
 ,Q�UHFHQW�\HDUV��WKH�WUHQG�RI�FXVWRPL]DWLRQ�DQG�SHUVRQDOL]DWLRQ�LV�LQFUHDVLQJ�WUHPHQGRXVO\�LQ�JDUPHQW�LQGXVWU\��
7R�PHHW�WKLV�UDLVLQJ�WUHQG��GHPDQG-GULYHQ�VXSSO\�FKDLQ�LV�GHYHORSHG�DQG�HPSOR\HG�QRZDGD\V��+RZHYHU��WKHUH�DUH�VWLOO�D�
ORW�RI�SRWHQWLDOV�WR�LPSURYH�LQ�FXUUHQW�GHPDQG-GULYHQ�VXSSO\�FKDLQ��H�J��OHDG�WLPH�DQG�HIILFLHQF\��$V�WKH�LQFUHDVLQJ�RI�
FRPSOH[LW\�DQG�IOH[LELOLW\�RI� WRGD\¶V�VXSSO\�FKDLQ��LQWHU-RUJDQL]DWLRQDO�VXSSO\�FKDLQ�FROODERUDWLRQ��6&&��EHFRPHV�DQ�
LPSRUWDQW�LVVXH��0RVW�RI�UHVHDUFKHV�UHJDUGLQJ�6&&�FRQFHQWUDWHG�RQ�MRLQW�GHFLVLRQ�PDNLQJ�>�@��>�@��LQFHQWLYH�DOLJQPHQW�
FRQWUDFW�>�@��>�@�HWF��5HVRXUFH�VKDULQJ��56��LV�DOVR�D�FRPPRQ�6&&�VWUDWHJ\�EXW�ZDV�OLWWOH�DGGUHVVHG�LQ�SUHYLRXV�UHVHDUFK�
UHJDUGLQJ� 6&&�� 7R� WKH� EHVW� RI� RXU� NQRZOHGJH�� QR� SUHYLRXV� UHVHDUFK� FRQVLGHUHG� RU� GLVFXVVHG�56� LQ� JDUPHQW� VXSSO\�
FKDLQ��6R��ZH�H[SORUHG�WKH�DSSOLFDWLRQ�RI�56�LQ�D�IRXU-HFKHORQ�GHPDQG-GULYHQ�JDUPHQW�VXSSO\�FKDLQ��:H�FRPSDUHG�D�
WUDGLWLRQDO�GHPDQG-GULYHQ�JDUPHQW�VXSSO\�FKDLQ�WR�D�JDUPHQW�VXSSO\�FKDLQ�ZLWK�D�FHQWUDO�RUGHU�SURFHVVLQJ�V\VWHP�XQGHU�
GHVLJQHG�56� VWUDWHJ\��:H� XVHG� VLPXODWLRQ� WHFKQRORJ\� WR� VHH�ZKHWKHU� WKH�ZKROH� VXSSO\� FKDLQ� FDQ� REWDLQ� VLJQLILFDQW�
SHUIRUPDQFH�LPSURYHPHQW�E\�DSSO\LQJ�WKLV�QRYHO�VWUDWHJ\� 
:H�GHVLJQHG�D�FHQWUDO�RUGHU�SURFHVVLQJ�V\VWHP��&236��LQ�WKLV�VWXG\��$OO�PHPEHUV�LQ�&236�DUH�SRWHQWLDO�FROODERUDWLYH�
SDUWQHUV�ZLWK�HDFK�RWKHU��3URGXFWLRQ�FDSDFLW\� VWDWXV�RI�HDFK�VXSSOLHU� IRU�GLIIHUHQW� W\SHV�RI�SURGXFWV� LV�XSGDWHG�LQ� WKH�
V\VWHP��5HVRXUFHV�FRXOG�EH�VKDUHG�DPRQJ�VXSSOLHUV�IURP�WKH�VDPH�HFKHORQ�LQ�VXSSO\�FKDLQ��$V�LW�LV�LPSRVVLEOH�WR�UXQ�
H[SHULPHQWV� IRU� RXU� GHVLJQHG�&236� LQ� UHDO-ZRUOG� V\VWHP�� DOVR� FRQVLGHULQJ� WKH� FRPSOH[LW\� DQG� VWRFKDVWLF� QDWXUH� RI�
VXSSO\�FKDLQ�PRGHO�GLVFXVVHG�LQ�WKLV�VWXG\��WUDGLWLRQDO�DQDO\WLFDO�PHWKRG�LV�QRW�IHDVLEOH��7KHUHIRUH��ZH�HPSOR\HG�GLV�
FUHWH-HYHQW�VLPXODWLRQ��'(6��WHFKQRORJ\�>�@�WR�HYDOXDWH�56�PRGHO�LQ�WKLV�VWXG\��:H�VLPXODWHG�IRXU�HFKHORQV�LQ�D�JDU�
PHQW� VXSSO\� FKDLQ�� LQFOXGLQJ� IDEULF�PDQXIDFWXUHU�� G\HLQJ� ZRUNVKRS�� JDUPHQW�PDQXIDFWXUHU� DQG� JDUPHQW� UHWDLOHU�� ,Q�
HDFK�HFKHORQ��WKUHH�LQGLYLGXDO�VPDOO�DQG�PHGLXP-VL]HG�VXSSOLHUV�ZHUH�DYDLODEOH�DQG�FRXOG�SURYLGH�VDPH�VHUYLFH��7KHUH�
IRUH��LQ�WRWDO�RI�WZHOYH�FRPSDQLHV�DQG�WKUHH�VHSDUDWH�JDUPHQW�VXSSO\�FKDLQV�ZHUH�PRGHOOHG�DQG�VLPXODWHG� 
7ZR�VLPXODWLRQ�PRGHOV��WUDGLWLRQDO�GHPDQG-GULYHQ�VXSSO\�FKDLQ�DQG�VXSSO\�FKDLQ�ZLWK�&236�XQGHU�56��ZHUH�UXQ�IRU�D�
GXUDWLRQ�RI����ZHHNV�ZLWK����UHSOLFDWLRQV�UHVSHFWLYHO\��2QH-\HDU�GDWD��LQFOXGLQJ�LQ�WRWDO�RI������RUGHUV��ZHUH�FROOHFWHG�
IURP�JDUPHQW�PDQXIDFWXUHUV�IRU�EXLOGLQJ�WKH�VLPXODWLRQ�PRGHO��6LPXODWLRQ�H[SHULPHQW�UHVXOWV�VKRZHG�WKDW��FRPSDUHG�WR�
WUDGLWLRQDO�GHPDQG-GULYHQ�VXSSO\�FKDLQ��LPSURYHPHQWV�LQ�PXOWLSOH�VXSSO\�FKDLQ�SHUIRUPDQFH�LQGLFDWRUV�ZHUH�REWDLQHG�
IRU�WKH�ZKROH�VXSSO\�FKDLQ�ZLWK�&236�XQGHU�56��LQFOXGLQJ�SURILW��OHDG�WLPH��SURGXFWLRQ�HIILFLHQF\�DQG�IDFLOLW\�XWLOL]D�
WLRQ�� 
%DVHG�RQ�LQLWLDO�VLPXODWLRQ�UHVXOWV��56�FRXOG�KHOS�FROODERUDWLYH�SDUWQHUV�JDLQ�PRUH�EHQHILWV�DV�D�ZKROH��&236�SURYLGHG�
D�SODWIRUP� IRU� VPDOO� DQG�PHGLXP-VL]HG� VXSSOLHUV� LQ�JDUPHQW� LQGXVWU\� WR� LQFUHDVH� WKHLU�FRPSHWHQFHV�ZKLOH� IDFLQJ� WKH�
WUHQG�RI�FXVWRPL]DWLRQ�DQG�SHUVRQDOL]DWLRQ��7KLV�PRGHO�DOVR�FRXOG�EH�D�SRWHQWLDO�GLUHFWLRQ�IRU�VROYLQJ�FXUUHQW�LVVXHV�LQ�
VPDOO-VHULHV�SURGXFWLRQ�RI�FXVWRPL]HG�JDUPHQWV��H�J��ORQJ�OHDG-WLPH�RU�GHOD\�EHWZHHQ�WZR�HFKHORQV�RI�VXSSO\�FKDLQ��,W�LV�
H[SHFWHG�WR�KDYH�PRUH�UHVHDUFKHV�RQ�WKLV�GLUHFWLRQ�LQ�IXWXUH� 
 
5pIpUHQFHV�� 
 
>�@�3��%XLMV�DQG�-��&��:RUWPDQQ��µ-RLQW�RSHUDWLRQDO�GHFLVLRQ-PDNLQJ�LQ�FROODERUDWLYH�WUDQVSRUWDWLRQ�QHWZRUNV��WKH�UROH�RI�

,7¶��6XSSO\�&KDLQ�0DQDJ��,QW��-���YRO������QR�����SS�����–���������� 
>�@�+��0��$EGHOVDODP�DQG�0��0��(ODVVDO��µ-RLQW�HFRQRPLF�ORW�VL]LQJ�SUREOHP�IRU�D�WKUHH-/D\HU�VXSSO\�FKDLQ�ZLWK�VWR�

FKDVWLF�GHPDQG¶��,QW��-��3URG��(FRQ���YRO�������SS�����–���������� 
>�@�+��.ULVKQDQ�DQG�5��$��:LQWHU��µ2Q�WKH�UROH�RI�UHYHQXH-VKDULQJ�FRQWUDFWV�LQ�VXSSO\�FKDLQV¶��2SHU��5HV��/HWW���YRO������

QR�����SS����–��������� 
>�@�.��*RYLQGDQ�DQG�0��1��3RSLXF�� µ5HYHUVH� VXSSO\� FKDLQ� FRRUGLQDWLRQ�E\� UHYHQXH� VKDULQJ� FRQWUDFW��$� FDVH� IRU� WKH�

SHUVRQDO�FRPSXWHUV�LQGXVWU\¶��(XU��-��2SHU��5HV���YRO�������QR�����SS�����–���������� 
>�@�:��.HOWRQ�DQG�$��/DZ��6LPXODWLRQ�PRGHOLQJ�DQG�DQDO\VLV��0F*UDZ�+LOO�%RVWRQ������� 



ϮϮ 

 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 

'pPDWULoDJH�PXOWLVSHFWUDO�EDVp�VXU�O
XWLOLVDWLRQ�GH�O
LQWHQVLWp� 
 

6RILDQH�0LKRXEL 
 

&5,6W$/�–�8QLYHUVLWp�GH�/LOOH� 
 

 /HV�FDPpUDV�FRXOHXUV�PRQR-FDSWHXUV��TXL�XWLOLVHQW�FODVVLTXHPHQW�XQH�PRVDwTXH�GH�ILOWUHV�FRXOHXU��&)$��SRXU�
pFKDQWLOORQQHU�OHV�FRPSRVDQWHV�5��*�HW�%��RQW�UpFHPPHQW�pWp�pWHQGXHV�DX�GRPDLQH�PXOWLVSHFWUDO�>�@��$ILQ�G
pFKDQWLOORQ�
QHU�SOXV�GH�WURLV�EDQGHV�GH�ORQJXHXU�G
RQGH��FHV�V\VWqPHV�XWLOLVHQW�XQ�UpVHDX�GH�ILOWUHV�PXOWLVSHFWUDX[��06)$��TXL�IRXU�
QLW�XQH�LPDJH�EUXWH�GDQV�ODTXHOOH�OH�QLYHDX�G
XQH�VHXOH�EDQGH�VSHFWUDOH�HVW�GLVSRQLEOH�HQ�FKDTXH�SL[HO��8QH�SURFpGXUH�GH�
GpPDWULoDJH� HVW� DORUV� QpFHVVDLUH�SRXU� HVWLPHU�XQH� LPDJH�PXOWLVSHFWUDOH� DYHF�XQH� UpVROXWLRQ� VSHFWUDOH� FRPSOqWH� >�-�@��
/HV�WUDYDX[�SUpVHQWpV�UHSRVHQW�VXU�XQH�DSSURFKH�EDVpH�VXU�OD�GpWHUPLQDWLRQ�HW�O
XWLOLVDWLRQ�GH�O
LQWHQVLWp�GH�O
LPDJH�PXO�
WLVSHFWUDOH�SRXU�JXLGHU�OH�GpPDWULoDJH� 
 
5pIpUHQFHV�� 
 
>�@�%�*HHOHQ��1�7DFN��DQG�$�/DPEUHFKWV��$�FRPSDFW�VQDSVKRW�PXOWLVSHFWUDO�LPDJHU�ZLWK�D�PRQROLWKLFDOO\�LQWHJUDWHG�SHU

-SL[HO�ILOWHU�PRVDLF��6DQ�)UDQFLVFR��&DOLIRUQLD��86$��)pYULHU������ 
>�@�-��%UDXHUV�DQG�7��$DFK��$�FRORU�ILOWHU�DUUD\�EDVHG�PXOWLVSHFWUDO�FDPHUD��3URFV������:RUNVKRS�)DUEELOGYHUDUEHLWXQJ��

,OPHQDX��*HUPDQ\��2FWREUH������ 
>�@��-�0L]XWDQL��6�2JDZD��.�6KLQRGD��0�+DVHJDZD��DQG�6�.DWR��0XOWLVSHFWUDO�GHPRVDLFNLQJ�DOJRULWKP�EDVHG�RQ�LQWHU�

FKDQQHO�FRUUHODWLRQ��,(((��'HFHPEUH������ 

ϳ 

 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 
'HSHQGHQW�FODVVLILHU�FRPELQDWLRQ�E\�PRGHO�VHOHFWLRQ�RI�LQIRUPDWLRQDO�DJJUHJDWLRQ�RI�SUR�

EDELOLW\�GLVWULEXWLRQV 
 

�0DKPRXG�$OEDUGDQ��-RKQ�.OHLQ�DQG�2OLYLHU�&RORW 
 

�8QLY��/LOOH��&156��&HQWUDOH�/LOOH��805������-�&5,6W$/�-�&HQWUH�GH�5HFKHUFKH�HQ 
,QIRUPDWLTXH�6LJQDO�HW�$XWRPDWLTXH�GH�/LOOH��)-������/LOOH��)UDQFH 

 
 &RPELQLQJ�KHWHURJHQHRXV�FODVVLILHUV� LV�JHQHUDOO\�GRQH�HLWKHU�XVLQJ�GHWHUPLQLVWLF�YRWLQJ�DOJRULWKPV�RU�ZLWKLQ�
WKH�SUREDELOLVWLF�IRUPDOLVP��0RVW�RI�SUREDELOLVWLF�DSSURDFKHV�DVVXPH�LQGHSHQGHQFH�EHWZHHQ�WKH�FODVVLILHU�RXWSXWV�EH�
FDXVH�WKHLU�MRLQW�SUREDELOLW\�GLVWULEXWLRQ�FDQQRW�EH�HVWLPDWHG�DQG�LQGHSHQGHQFH�DOORZV�WR�ZULWH�WKH�MRLQW�GLVWULEXWLRQ�DV�
WKH�SURGXFW�RI�WKH�PDUJLQDOV��(YHQ�WKRXJK�WKRVH�DSSURDFKHV�JHQHUDOO\�VXFFHHG�WR�GHFUHDVH�WKH�FODVVLILFDWLRQ�HUURU�UDWHV�
WKH\� GR� QRW� WDNH� LQWR� DFFRXQW� WKH� FRUUHODWLRQ� LQ� FODVVLILHU� GHFLVLRQV� ZKHUHDV� FODVVLILHUV� WHQG� WR� SHUIRUP� SRRUO\�
�UHVSHFWLYHO\�DGHTXDWHO\��LQ�WKH�VDPH�UHJLRQV�RI�WKH�LQ-�SXW�VSDFH��,Q�WKH�FDVH�RI�YHU\�KLJK�GHSHQGHQFH�EHWZHHQ�FODVVL�
ILHUV��LW�LV�MXVWLILHG�WR�HPSOR\�LGHPSRWHQW�FRPELQDWLRQ�PRGHOV��,QGHHG��LGHPSRWHQFH�DOORZV�WR�FLUFXPYHQW�GHSHQGHQFH�
VLQFH�WZR�LGHQWLFDO�FODVVLILHUV�KDYH�WKH�VDPH�LPSDFW�RQ�WKH�FRPELQDWLRQ�UHVXOW�DV�RQO\�RQH�LQVWDQFH�RI�WKHP��7KH�PLQL�
PXP�UXOH��HQWU\ZLVHPLQLPXP�RI�GLVWULEXWLRQV��LV�RQH�VXFK�LGHPSRWHQW�FRPELQDWLRQ�PRGHO�� 
:H� LQYHVWLJDWH� WKH� XVH� RI� W-QRUP�EDVHG� FRPELQDWLRQ�PRGHOV� IRU� SUREDELOLW\� GLVWULEXWLRQV� DV� D� IOH[LEOH� FRQWLQXXP�RI�
PRGHOV�YDU\LQJ�IURP�LQGHSHQGHQFH�WR�KLJK�GHSHQGHQFH��:H�GHPRQVWUDWH�WKDW�D�FDUHIXOO\�FKRVHQ�W-QRUP�EDVHG�FRPELQD�
WLRQ�PRGHO�DOORZV�WR�LPSURYH�FODVVLILFDWLRQ�SHUIRUPDQFHV�RQ�QLQH�VWDQGDUG�GDWDVHWV� 
 
5pIpUHQFHV� 
 
>�@�%HQMDPLQ�4XRVW��0DULH-+pOqQH�0DVVRQ��DQG�7KLHUU\�'HQ°X[��&ODVVLILHU�IXVLRQ�LQ�WKH�GHPSVWHU–VKDIHU�IUDPHZRUN�

XVLQJ�RSWLPL]HG�W-QRUP�EDVHG�FRPELQDWLRQ�UXOHV��,QWHUQDWLRQDO�-RXUQDO�RI�$SSUR[LPDWH�5HDVRQLQJ�����������–�����
����� 

>�@�+\XQ-&KXO�.LP�DQG�=RXELQ�*KDKUDPDQL��%D\HVLDQ�FODVVLILHU�FRPELQDWLRQ��,Q�1HLO�'��/DZUHQFH�DQG�0DUN�*LURODPL��
HGLWRUV��3URFHHGLQJV�RI�WKH�)LIWHHQWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH�DQG�6WDWLVWLFV�YROXPH����RI�
3URFHHGLQJV�RI�0DFKLQH�/HDUQLQJ�5HVHDUFK��SDJHV����–����/D�3DOPD��&DQDU\�,VODQGV����–���$SU�������30/5� 



ϴ 

 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 

&DOLEUDWLRQ�HW�IXVLRQ�GH�FODVVLILHXUV�j�O¶DLGH�GH�OD�WKpRULH�GHV�IRQFWLRQV�GH�FUR\DQFH ��DSSOL�
FDWLRQ�DX�FDV�GX�IORXWDJH�DXWRPDWLTXH�GH�YLVDJHV�VXU�GHV�YLGpRV� 

 
�3��0LQDU\��)��3LFKRQ��'��0HUFLHU��(��/HIHYUH��%��'URLW 

 
�8QLY��$UWRLV��($������/*,�$��%pWKXQH��)-�������)UDQFH 

61&)�5pVHDX��'SW�GHV�7pOpFRPPXQLFDWLRQV��/D�3ODLQH�6DLQW�'HQLV��)UDQFH  
 

 /D�UpJOHPHQWDWLRQ�IUDQoDLVH�LQWHUGLW�GH�VWRFNHU�SOXV�GH����MRXUV�GHV�VpTXHQFHV�YLGpRV�FRQWHQDQW�GX�SXEOLF��GURLW�
j�O¶LPDJH���2U��61&)�VRXKDLWHUDLW�FRQVHUYHU�GHV�HQUHJLVWUHPHQWV�YLGpRV��HIIHFWXpV�ORUV�GH�WRXUQpHV�GH�FKHPLQHPHQW�VXU�
GHV�TXDLV�GH�JDUH��DILQ�GH�YpULILHU�OD�FRQIRUPLWp�GHV�LQVWDOODWLRQV�GHV�FDPpUDV��$LQVL��LO�HVW�QpFHVVDLUH�GH�IORXWHU�O¶LQWpJUD�
OLWp�GHV�YLVDJHV�LGHQWLILDEOHV��&HV�YLGpRV�SHXYHQW�SUpVHQWHU�XQ�HQYLURQQHPHQW�FRPSOLTXp���PDXYDLVH�TXDOLWp�G¶LPDJHV��
IRXOH��YDULDWLRQ�GHV�FRQGLWLRQV�G¶pFODLUHPHQW��HWF� 
$ILQ�G¶REWHQLU�XQ�V\VWqPH�UREXVWH�� O¶DSSURFKH�GpYHORSSpH�VH�EDVH�VXU�XQH�IXVLRQ�GHV� LQIRUPDWLRQV�GRQQpHV�SDU�GLIIp�
UHQWV�GpWHFWHXUV�GH�YLVDJHV�GH�OD�OLWWpUDWXUH��DLQVL�TX¶XQ�GpWHFWHXU�GH�FRXOHXU�SHDX��(Q�HIIHW��FHV�GpWHFWHXUV�QH�GRQQDQW�
SDV�OHV�PrPHV�LQIRUPDWLRQV�SRXU�XQH�LPDJH�GRQQpH��QH�GpWHFWHQW�SDV�IRUFpPHQW�OHV�PrPHV�YLVDJHV���OHV�FRPELQHU�SHU�
PHW� G¶REWHQLU� GH� PHLOOHXUHV� SHUIRUPDQFHV�� &HV� LQIRUPDWLRQV� GRLYHQW� rWUH� SUpDODEOHPHQW� WUDQVSRVpHV� GDQV� XQ� HVSDFH�
FRPPXQ�GH�UHSUpVHQWDWLRQ�JUkFH�j�XQH�pWDSH�DSSHOpH�FDOLEUDWLRQ�>�@��&HWWH�pWDSH�GH�FDOLEUDWLRQ�HVW�JpQpUDOHPHQW�HIIHF�
WXpH�GDQV�OH�FDGUH�SUREDELOLVWH��PDLV�D�UpFHPPHQW�pWp�UHGpILQLH�GDQV�OH�FDGUH�GHV�IRQFWLRQV�GH�FUR\DQFH�DILQ�GH�PLHX[�
JpUHU�OHV�LQFHUWLWXGHV�>�@� 
8QH�SUHPLqUH�DSSURFKH�GH�IXVLRQ�D�pWp�GpYHORSSpH�>�@��SRVLWLRQQpH�DX�QLYHDX�SL[HOV ��SRXU�FKDTXH�SL[HO�GH�O¶LPDJH��OHV�
GLIIpUHQWHV� IRQFWLRQV� GH�PDVVH� REWHQXHV� DSUqV� FDOLEUDWLRQ� VRQW� IXVLRQQpHV� DYHF� OD� UqJOH� GH�'HPSVWHU�� /¶LQIRUPDWLRQ�
© QRQ�YLVDJH ª�HVW�pJDOHPHQW�SULVH�HQ�FRPSWH�HW�WUDQVIRUPpH�HQ�IRQFWLRQ�GH�PDVVH��/HV�SHUIRUPDQFHV�REWHQXHV�SDU�QRWUH�
DSSURFKH�IXVLRQ�VRQW�VXSpULHXUHV�j�FHOOHV�GHV�GpWHFWHXUV�SULV�VHXOV��/D�FRPSDUDLVRQ�DYHF�XQH�DSSURFKH�GH�O¶pWDW�GH�O¶DUW�D�
PRQWUp�TXH�OH�SRVLWLRQQHPHQW�GH�QRWUH�DSSURFKH�SHUPHW�GH�V¶DIIUDQFKLU�G¶XQ�SDUDPqWUH�DUELWUDLUH�QpFHVVDLUH�SDU�GHX[�
IRLV�GDQV�FHWWH�DSSURFKH��'H�SOXV��OHV�SHUIRUPDQFHV�REWHQXHV�VRQW�PHLOOHXUHV� 
'DQV�O¶DSSURFKH�GpFULWH�FL-GHVVXV��FKDTXH�VRUWLH�GH�GpWHFWHXU�HVW�FDOLEUpH�LQGpSHQGDPPHQW�GHV�DXWUHV��1RXV�DYRQV�SUR�
SRVp�XQH�DXWUH�DSSURFKH�>�@��TXL�SHUPHW�GH�FDOLEUHU�FRQMRLQWHPHQW�OHV�VRUWLHV�GHV�GpWHFWHXUV��HW�O¶DYRQV�pWHQGXH�DX�FDGUH�
GHV�IRQFWLRQV�GH�FUR\DQFH��$XFXQH�UqJOH�GH�IXVLRQ�Q¶HVW�DORUV�QpFHVVDLUH�FDU�XQH�IRQFWLRQ�GH�PDVVH�HVW�REWHQXH�GLUHFWH�
PHQW�SRXU�FKDTXH�SL[HO�GH�O¶LPDJH��'HV�H[SpULPHQWDWLRQV�RQW�PRQWUp�TXH�OHV�SHUIRUPDQFHV�REWHQXHV�VRQW�VXSpULHXUHV�j�
FHOOHV�REWHQXHV�GDQV�OD��qUH�DSSURFKH�� 
&HV�PpWKRGHV�GH� IXVLRQ� VRQW� DSSOLTXpHV� VXU� GHV� LPDJHV� IL[HV��0DLV� D\DQW� XQH�YLGpR� FRPPH�HQWUpH�� OHV� LQIRUPDWLRQV�
WHPSRUHOOHV�VHURQW�HOOHV�DXVVL�DMRXWpHV�DX�SURFHVVXV�YLD�XQ�DOJRULWKPH�GH�VXLYL�FODVVLTXH��DILQ�G¶DXJPHQWHU�OHV�SHUIRU�
PDQFHV�GX�V\VWqPH��$XWUHPHQW�GLW�� OHV�SRVLWLRQV�GHV�YLVDJHV� WURXYpHV�j� O¶LPDJH�1�VHURQW�SULVHV�HQ�FRPSWH�j� O¶LPDJH�
1��� 
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$GYDQFHV�LQ�ODUJH�PDUJLQ�FODVVLILHUV�����������-��������� 
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$SSUR[LPDWH�5HDVRQLQJ��������-��������� 
>�@�3��0LQDU\��)��3LFKRQ��'��0HUFLHU��(��/HIHYUH�HW�%��'URLW��$Q�HYLGHQWLDO�SL[HO-EDVHG�IDFH�EOXUULQJ�DSSURDFK���WK�,QWHU�

QDWLRQDO�&RQIHUHQFH�RQ�%HOLHI�)XQFWLRQV������� 
>�@�3��0LQDU\��)��3LFKRQ��'��0HUFLHU��(��/HIHYUH�HW�%��'URLW��(YLGHQWLDO�PXOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�RI�ELQDU\�690�

FODVVLILHUV����WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6FDODEOH�8QFHUWDLQW\�0DQDJHPHQW������� 
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'LVWULEXWHG�DGDSWLYH�WLPH-YDU\LQJ�IRUPDWLRQ�FRQWDLQPHQW�FRQWURO� 
 

:HL�-LDQJ 
 
 7KH� IXOO\� GLVWULEXWHG� WLPH-YDU\LQJ� IRUPDWLRQ� VWDELOL]DWLRQ� DQG� WUDFNLQJ� SUREOHP� IRU� JHQHUDO� OLQHDU� WLPH-
LQYDULDQW��/7,��KRPRJHQHRXV�PXOWL-DJHQW�V\VWHPV��0$6V��IURP�XQGLUHFWHG�WR�GLUHFWHG�VSDQQLQJ�WUHH�WRSRORJLHV�EDVHG�
RQ� DQ� REVHUYHU� YLHZSRLQW� LV� DGGUHVVHG� 7KH� IROORZHUV� FDQ� IRUP� D� WLPH-YDU\LQJ� IRUPDWLRQ�� ZKLFK� LV� VSHFLILHG� E\�
SLHFHZLVH�FRQWLQXRXVO\�GLIIHUHQWLDO�YHFWRUV�ZKLOH�WKH�OHDGHU
V�WUDMHFWRU\��ZKLFK�LV�DYDLODEOH�WR�RQO\�D�VXEVHW�RI�IROORZHUV��
LV�DOVR� WLPH-YDU\LQJ� 0DQ\�H[LVWLQJ� UHVXOWV�DGRSW�DJHQW� VWDWH�PHDVXUHPHQWV�DQG�QHHG�JOREDO� LQIRUPDWLRQ�RI�0$6V�DV�
IROORZV�� ����� WKH�PLQLPXP� HLJHQYDOXH� RI� WKH� /DSODFLDQ�PDWUL[� RI� FRPPXQLFDWLRQ� WRSRORJ\�� ����� WKH� WRWDO� QXPEHU� RI�
DJHQWV��2XU�PHWKRGV�XWLOL]H�RXWSXW�PHDVXUHPHQWV�DQG�QHHG�QR�VXFK�JOREDO�LQIRUPDWLRQ��([WHQVLRQV�WR�WKH�KHWHURJHQHRXV�
IRUPDWLRQ-FRQWDLQPHQW�FRQWURO�FDVH�DUH�DOVR�GHPRQVWUDWHG� 
 
 



ϮϬ 

 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 

'HFHQWUDOL]HG�&RQWURO�IRU�0XOWL-$JHQW�6\VWHPV��0$6�� 
XQGHU�6ZLWFKLQJ�7RSRORJLHV 

 
3LSLW�$QJJUDHQL 

 
/$0,+�805�&156�������89+&��������9DOHQFLHQQHV��)UDQFH 

 
 6LQFH�WKH�ODVW�GHFDGHV��D�KLJK�UHVHDUFK�DFWLYLW\�RQ�LQWHOOLJHQW�FRQWURO>�@�KDV�RFFXUUHG��,QWHOOLJHQFH�PD\�LQFOXGH�
VRPH�PHWKRGLF��IXQFWLRQDO��SURFHGXUDO�DSSURDFK��DOJRULWKPLF�VHDUFK�RU�UHLQIRUFHPHQW�OHDUQLQJ��$OWKRXJK�WKHUH� LV�FRQ�
VLGHUDEOH�RYHUODS��D�PXOWL-DJHQW�V\VWHP�LV�QRW�DOZD\V�WKH�VDPH�DV�DQ�DJHQW-EDVHG�PRGHO��$%0���7KH�JRDO�RI�DQ�$%0�LV�
WR� VHDUFK� IRU� H[SODQDWRU\� LQVLJKW� LQWR� WKH� FROOHFWLYH� EHKDYLRU� RI� DJHQWV� �ZKLFK� GR� QRW� QHFHVVDULO\� QHHG� WR� EH�
�LQWHOOLJHQW���REH\LQJ�VLPSOH�UXOHV��W\SLFDOO\�LQ�QDWXUDO�V\VWHPV��UDWKHU�WKDQ�LQ�VROYLQJ�VSHFLILF�SUDFWLFDO�RU�HQJLQHHULQJ�
SUREOHPV��7KH�WHUPLQRORJ\�RI�$%0�WHQGV�WR�EH�XVHG�PRUH�RIWHQ�LQ�WKH�VFLHQFH��DQG�0$6�LQ�HQJLQHHULQJ�DQG�WHFKQROR�
J\>�@��7RSLFV�ZKHUH�PXOWL-DJHQW�V\VWHPV�UHVHDUFK�PD\�GHOLYHU�DQ�DSSURSULDWH�DSSURDFK�LQFOXGH�RQOLQH�WUDGLQJ��GLVDVWHU�
UHVSRQVH�DQG�PRGHOLQJ�VRFLDO�VWUXFWXUHV��0XOWL-DJHQW�V\VWHPV�DUH�PDGH�XS�RI�PXOWLSOH� LQWHUDFWLQJ�LQWHOOLJHQW�DJHQWV—
FRPSXWDWLRQDO� HQWLWLHV� WR� VRPH� GHJUHH� DXWRQRPRXV� DQG� DEOH� WR� FRRSHUDWH�� FRPSHWH�� FRPPXQLFDWH�� DFW� IOH[LEO\�� DQG�
H[HUFLVH�FRQWURO�RYHU�WKHLU�EHKDYLRU�ZLWKLQ�WKH�IUDPH�RI�WKHLU�REMHFWLYHV��7KH\�DUH�WKH�HQDEOLQJ�WHFKQRORJ\�IRU�D�ZLGH�
UDQJH�RI�DGYDQFHG�DSSOLFDWLRQV�UHO\LQJ�RQ�GLVWULEXWHG�DQG�SDUDOOHO�SURFHVVLQJ�RI�GDWD��LQIRUPDWLRQ��DQG�NQRZOHGJH�UHOH�
YDQW�LQ�GRPDLQV�UDQJLQJ�IURP�LQGXVWULDO�PDQXIDFWXULQJ�WR�H-FRPPHUFH�WR�KHDOWK�FDUH�$�PDLQ�UHDVRQ�IRU�WKH�YDVW�LQWHUHVW�
DQG�DWWHQWLRQ�PXOWL-DJHQW�V\VWHPV�DUH�UHFHLYLQJ�LV�WKDW�WKH\�DUH�VHHQ�DV�DQ�HQDEOLQJ�WHFKQRORJ\�IRU�DSSOLFDWLRQV�WKDW�UHO\�
RQ�GLVWULEXWHG�DQG�SDUDOOHO�SURFHVVLQJ�RI�GDWD��LQIRUPDWLRQ��DQG�NQRZOHGJH�LQ�FRPSOH[�FRPSXWLQJ�HQYLURQPHQWV��:LWK�
DGYDQFLQJ�WHFKQRORJ\��VXFK�DSSOLFDWLRQV�DUH�EHFRPLQJ�VWDQGDUG�LQ�D�YDULHW\�RI�GRPDLQV�VXFK�DV�H-FRPPHUFH��ORJLVWLFV��
VXSSO\�FKDLQ�PDQDJHPHQW�� WHOHFRPPXQLFDWLRQ��KHDOWK�FDUH��DQG�PDQXIDFWXULQJ��0RUH�JHQHUDOO\�� VXFK�DSSOLFDWLRQV�DUH�
FKDUDFWHULVWLF� RI� VHYHUDO�ZLGHO\� UHFRJQL]HG� FRPSXWLQJ�SDUDGLJPV�NQRZQ� DV� JULG� FRPSXWLQJ�� SHHU-WR-SHHU� FRPSXWLQJ��
SHUYDVLYH�FRPSXWLQJ��XELTXLWRXV�FRPSXWLQJ��DXWRQRPLF�FRPSXWLQJ��VHUYLFH-RULHQWHG�FRPSXWLQJ��DQG�FORXG�FRPSXWLQJ��
$QRWKHU�UHDVRQ�IRU�WKH�EURDG�LQWHUHVW�LQ�PXOWL-DJHQW�V\VWHPV�LV�WKDW�WKHVH�V\VWHPV�DUH�VHHQ�DV�D�WHFKQRORJ\�DQG�WRRO�WKDW�
KHOSV� WR� DQDO\]H� DQG� GHYHORS�PRGHOV� DQG� WKHRULHV� RI� LQWHUDFWLYLW\� LQ� ODUJH-VFDOH� KXPDQ-FHQWHUHG� V\VWHPV� >�@�5HFHQW�
UHVXOWV�LQ�WKH�FRRSHUDWLYH�FRQWURO�FDQ�EH�FDWHJRUL]HG�LQWR�VHYHUDO�GLUHFWLRQV��VXFK�DV�RSWLPL]DWLRQ��FRQVHQVXV��IRUPDWLRQ�
FRQWURO�DQG�HVWLPDWLRQ���7KLV�LQWHUHVW�LV�PRWLYDWHG�E\�JURZLQJ�SRVVLELOLWLHV�HQDEOHG�E\�PXOWL-DJHQW�QHWZRUNV�LQ�WKH�PRQL�
WRULQJ�RI�QDWXUDO�SKHQRPHQD�DQG�WKH�HQKDQFHPHQW�RI�KXPDQ�FDSDELOLWLHV�LQ�KD]DUGRXV�DQG�XQNQRZQ�HQYLURQPHQWV��7ZR�
DSSURDFKHV�DUH�FRPPRQO\�DGRSWHG�IRU�FRQWUROOLQJ�PXOWL-DJHQW��D�FHQWUDOL]HG�DSSURDFK�DQG�D�GLVWULEXWHG�DSSURDFK��7KH�
FHQWUDOL]HG� DSSURDFK� LV� EDVHG�RQ� WKH� DVVXPSWLRQ� WKDW� D�FHQWUDO� VWDWLRQ� LV�DYDLODEOH� DQG�SRZHUIXO� HQRXJK� WR� FRQWURO� D�
ZKROH�JURXS�RI�DJHQW��(VVHQWLDOO\�� WKH�FHQWUDOL]HG�DSSURDFK� LV�D�GLUHFW�H[WHQVLRQ�RI� WKH� WUDGLWLRQDO� VLQJOH-DJHQW-EDVHG�
FRQWURO�SKLORVRSK\�DQG�VWUDWHJ\��2Q�WKH�FRQWUDU\��WKH�GLVWULEXWHG�DSSURDFK�GRHV�QRW�UHTXLUH�D�FHQWUDO�VWDWLRQ�IRU�FRQWURO��
DW�WKH�FRVW�RI�EHFRPLQJ�IDU�PRUH�FRPSOH[�LQ�VWUXFWXUH�DQG�RUJDQL]DWLRQ��1RWH�WKDW�WKH�GHFHQWUDOL]HG�PHWKRG�VKRZV�REYL�
RXV�EHQHILWV�RYHU�FHQWUDOL]DWLRQ��VXFK�DV�VFDODELOLW\�DQG�UREXVWQHVV� �+RZHYHU��GHFHQWUDOL]DWLRQ�DOVR�KDV�LWV�RZQ�GUDZ�
EDFNV��2QH�GUDZEDFN�LV�WKDW�HDFK�DJHQW�FDQQRW�HIIHFWLYHO\�SUHGLFW�WKH�JURXS�EHKDYLRU�EDVHG�RQ�RQO\�ORFDO�LQIRUPDWLRQ��
$FFRUGLQJO\��WKH�JURXS�EHKDYLRU�FDQQRW�EH�FRQWUROOHG�LQ�VRPH�VHQVH��$V�DQ�LQWHUHVWLQJ�H[DPSOH�RI�WKLV�GUDZEDFN��HFR�
QRPLF� FULVLV� FDQ�EH� XVHG� WR� LOOXVWUDWH� WKH� GLVDGYDQWDJHV� RI� GHFHQWUDOL]DWLRQ��2QH� LQWHUHVWLQJ�TXHVWLRQ� LV� KRZ�ZH� FDQ�
EDODQFH�GHFHQWUDOL]DWLRQ�DQG�FHQWUDOL]DWLRQ�WR�LPSURYH�WKH�V\VWHP�SHUIRUPDQFH�2QH�RI�WKH�PRVW�LPSRUWDQW�REMHFWLYHV�RI�
WKLV�WKHVLV�LV�WR�GHVLJQ�VFKHGXOLQJ�DOJRULWKP�WR�UHGXFH�WKH�PLFURSURFHVVRUV�DQG�QHWZRUN�ORDGV�ZKLOH�HQVXULQJ�WKH�GHVLUHG�
FRQWURO�SHUIRUPDQFHV��5HOD[LQJ�WKH�XVXDO�IL[HG�VDPSOH�UDWH�DVVXPSWLRQ�DOORZV�IRU�FORVHG-ORRS�VFKHGXOLQJ�FRQWURO�ZKHUH�
WKH�FRQWUROOHU�VFKHGXOLQJ�SDUDPHWHUV�DUH�RQ-OLQH�DGDSWHG�ZLWK�UHVSHFW�WR�WKH�PHDVXUHG�FRPSXWHU�DFWLYLW\�ZKLOH�NHHSLQJ�
WKH�V\VWHP�VWDELOLW\��7KXV��YDULDEOH�VDPSOLQJ�FDQ�EH�XVHG�WR�DXWRPDWLFDOO\�FRQVWUDLQ�WKH�&38�LQVLGH�VSHFLILHG�ERXQGV�
XQGHU�ZHDNO\�NQRZQ�RSHUDWLQJ�FRQGLWLRQV��(YHQW-WULJJHUHG�DQG�VHOI-WULJJHUHG�FRQWUROV�KDYH�EHHQ�UHFHQWO\�SURSRVHG�DV�
DQ� DOWHUQDWLYH� WR� WKH�PRUH� WUDGLWLRQDO� SHULRGLF� H[HFXWLRQ� RI� FRQWURO� WDVNV�� 7KH� SRVVLELOLW\� RI� UHGXFLQJ� WKH� QXPEHU� RI�
H[HFXWLRQV� ZKLOH� JXDUDQWHHLQJ� GHVLUHG� OHYHOV� RI� SHUIRUPDQFH� PDNHV� HYHQW-WULJJHUHG� DQG� VHOI-WULJJHUHG� FRQWURO� YHU\�
DSSHDOLQJ�LQ�WKH�FRQWH[W�RI�VHQVRU�DFWXDWRU�QHWZRUNV��,Q�WKLV�VHWWLQJ��UHGXFLQJ�WKH�QXPEHU�RI�WLPHV�WKDW�D�IHHGEDFN�FRQ�
WURO�ODZ�LV�H[HFXWHG�LPSOLHV�D�UHGXFWLRQ�LQ�WUDQVPLVVLRQV�DQG�WKXV�D�UHGXFWLRQ�LQ�HQHUJ\�H[SHQGLWXUHV��(YHQW–WULJJHUHG�
FRQWURO�LV�D�PHWKRGRORJ\�ZKHUH�VHQVRUV�VHQG�LQIRUPDWLRQ�WR�WKH�FRQWUROOHU�ZKHQ�VSHFLILF�HYHQWV�RFFXU��XVLQJ�D�GHGLFDWHG�
KDUGZDUH��,W�XVHV�D�IXQFWLRQ�RI�WKH�FXUUHQW�VWDWH�WR�VSHFLI\�ZKHQ�WKH�QH[W�VDPSOLQJ�WLPH�PXVW�RFFXU��6HOI–WULJJHUHG�FRQ�
WURO�HPXODWHV�HYHQW–WULJJHUHG�FRQWURO�ZLWKRXW�GHGLFDWHG�KDUGZDUH��,W�XVHV�WKH�FXUUHQW�VDPSOHG�VWDWH�WR�VSHFLI\�WKH�QH[W�
VDPSOLQJ�WLPH��WKURXJK�D�VFKHGXOLQJ�SURFHGXUH��$W�HDFK�VDPSOLQJ�LQVWDQW��D�ORZHU–ERXQG�RI�WKH�QH[W�DGPLVVLEOH�VDP�
SOLQJ�LQWHUYDO�LV�FRPSXWHG�VXFK�WKDW�WKH�FRQWURO�V\VWHP�PDLQWDLQV�VRPH�GHVLUDEOH�SURSHUWLHV��ILUVW�RI�DOO��EXW�QRW�RQO\��WKH�
DV\PSWRWLF�VWDELOLW\�DW�WKH�RULJLQ�RU�DW�D�QHLJKERUKRRG�RI�WKH�RULJLQ� 
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 ��qPH�-RXUQpH�5pJLRQDOH�GHV�'RFWRUDQWV�HQ�$XWRPDWLTXH�����MXLQ����� 
 
eWXGH�GH�OD�VWDELOLWp�DVVLVH�GHV�SHUVRQQHV�YLYDQW�DYHF�XQH�OpVLRQ�PpGXOODLUH�SDU�O¶$XWRPD�

WLTXH��2EVHUYDWHXU�j�(QWUpHV�,QFRQQXHV�HW�PRGqOH�QRQ-OLQpDLUH�GH�7DNDJL-6XJHQR 
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���/$0,+�805�&156�������8QLYHUVLWp�GH�9DOHQFLHQQHV�HW�GX�+DLQDXW-&DPEUpVLV��9DOHQFLHQQHV��)UDQFH 
��(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�'HSDUWPHQW��6RQRUD�,QVWLWXWH�RI�7HFKQRORJ\���2EUHJyQ��0H[LFR 

��1HXUR-'RO��805�,QVHUP�������8QLYHUVLWp�&OHUPRQW�$XYHUJQH��)DFXOWp�GH�&KLUXUJLH�'HQWDLUH��&OHUPRQW
-)HUUDQG��)UDQFH 

 
 0DOJUp� � VRQ� � LPSRUWDQFH� �GDQV� � OD� �YLH�TXRWLGLHQQH�GHV�SHUVRQQHV�YLYDQW�DYHF�XQH� OpVLRQ� OD�PRHOOH� pSLQLqUH�
�/0e���OH�FRQWU{OH�GH�OD�SRVLWLRQ�DVVLVH�HVW�HQFRUH�WUqV�PDO�FRQQX�HW�FH�HQ�SDUWLH�FDU�LO�VROOLFLWH�GHV�FRQWULEXWLRQV�DFWLYHV�
�H[ �� DFWLRQ�GHV�PHPEUHV� VXSpULHXUV�� HW�SDVVLYHV� �UpVLVWDQFH� j� OD� IOH[LRQ�H[WHQVLRQ�GHV� WLVVXV�PRXV�GX� WURQF�� >�@��3DU�
DLOOHXUV��OHV�V\VWqPHV�ELRPpFDQLTXHV�VRQW�FDUDFWpULVpV�SDU�XQ�UHWDUG�YDULDEOH�LQKpUHQW�j�OD�ERXFOH�GH�FRQWU{OH��&H�UHWDUG�
HVW� JpQpUDOHPHQW�GpILQL� FRPPH� OD� VRPPH�GHV� WHPSV�GH� WUDQVPLVVLRQ�� WHPSV�GH� WUDLWHPHQW�SDU� OH� V\VWqPH�QHUYHX[� HW�
WHPSV�GH�JpQpUDWLRQ�GHV�FRQWUDFWLRQV�PXVFXODLUHV�DSUqV�H[FLWDWLRQ�QHUYHXVH��GpODL�pOHFWURPpFDQLTXH��>�@�� 
/RUV�GH�WUDYDX[�SUpFpGHQWV��XQ�PRGqOH�PpFDQLTXH�GH�OD�SRVLWLRQ�DVVLVH�D�pWp�SURSRVp��+�$7�>�@���/H�PRGqOH�REWHQX�HVW�
QRQ-OLQpDLUH��LQVWDEOH�HQ�ERXFOH�RXYHUWH��GpFULW�VRXV�IRUPH�GHVFULSWHXU�DVVRFLp�j�XQH�PDWULFH�G¶LQHUWLH�LQYHUVLEOH�HW�VWDEL�
OLVp�SDU�XQH�ORL�GH�FRQWU{OH�j�UHWDUG�YDULDEOH��'DQV�OH�EXW�G¶DQDO\VHU��SDU�VLPXODWLRQ�PDLV�pJDOHPHQW�H[SpULPHQWDOHPHQW��
OD� VWDELOLWp� DVVLVH�GH� VXMHW� YLYDQW�DYHF�XQH�/0e��XQ�2EVHUYDWHXU� j�(QWUpHV� ,QFRQQXHV� �2(,�� D� pWp� FUpp��(Q� HIIHW�� OHV�
DYDQFpHV� UpFHQWHV�SHUPHWWHQW�PDLQWHQDQW�j�FHW�RXWLO�G¶rWUH�XWLOLVp�GDQV� OH�FDV�GH�PRGqOH�QRQ-OLQpDLUH�GHVFULSWHXU� VRXV�
IRUPH�7DNDJL-6XJHQR��76�>�@��� 
&HWWH�DSSURFKH�D�G¶DERUG�pWp�GpYHORSSpH�SRXU�XQ�PRGqOH�FRQWLQX�HW�GHX[�GLIILFXOWpV�RQW�pWp� LGHQWLILpHV��XQ�UHWDUG�YD�
ULDEOH�GDQV�O¶HQWUpH�GX�V\VWqPH�HW�OD�SUpVHQFH�G¶XQH�SUpPLVVH�QRQ-PHVXUDEOH��FH�SUREOqPH�pWDQW�HQFRUH�RXYHUW�SRXU�OHV�
2(,�VRXV�OD�IRUPH�76�>�@��/¶pFULWXUH�GX�PRGqOH�VRXV�IRUPH�GLVFUqWH�SHUPHW�GH�SURSRVHU�GHV�VROXWLRQV��/¶REMHFWLI�SULQFL�
SDO�GH�FH�WUDYDLO�HVW�GH�FRQFHYRLU�XQ�2(,-76�GLVFUHW�DILQ�G¶HVWLPHU�GHV�YDULDEOHV�LQWHUQHV�DX�V\VWqPH�WHOOH�TXH�OD�IRUFH�
JpQpUpH�SRXU�VWDELOLVHU�OH�V\VWqPH��8Q�DXWUH�REMHFWLI�HVW�pJDOHPHQW�GH�UpGXLUH�OHV�GpIDXWV�LGHQWLILpV�GDQV�OH�PRGqOH�FRQWL�
QX�QRWDPPHQW�FRQFHUQDQW�OD�SUpPLVVH�QRQ-PHVXUDEOH� 
'DQV�XQ�SUHPLHU�WHPSV��OHV�pTXDWLRQV�FRQWLQXHV�GX�PRGqOHV�+�$7�REWHQXHV�SDU�OH�FDOFXO�GX�/DJUDQJLHQ�VRQW�GLVFUpWL�
VpHV��3XLV�OH�PRGqOH�REWHQX�HVW�WUDGXLW�HQ�PRGqOH�H[DFW�76�SDU�OD�PpWKRGH�GH�QRQ-OLQpDULWp�SDU�VHFWHXU��/HV�SDUDPqWUHV�
GH�O¶2(,�VRQW�HQVXLWH�GpILQLV�VRXV�OD�IRUPH�G¶,QpJDOLWpV�0DWULFLHOOHV�/LQpDLUHV�HW�UpVROXHV�SDU�GHV�WHFKQLTXHV�G¶RSWLPLVD�
WLRQ�FRQYH[H��(QILQ�GHV�VLPXODWLRQV�VRQW�UpDOLVpHV�DILQ�GH�PRQWUHU�O¶HVWLPDWLRQ�GH�O¶pWDW�HW�GH�OD�ORL�GH�FRQWU{OH�GX�V\V�
WqPH�SDU�O¶REVHUYDWHXU� 
1RXV�SUpVHQWRQV�XQH�WHFKQLTXH�DILQ�GH�UpVRXGUH�XQ�SUREOqPH�GH�ELRPpFDQLTXH�HQ�HVWLPDQW�GHV�GRQQpHV�QRQ-PHVXUDEOHV�
SDU�OH�ELDLV��G¶XQ�2EVHUYDWHXU��IORX��j��(QWUpHV�,QFRQQXHV�VRXV�IRUPH�GHVFULSWHXU�HW�GDQV�OH�GRPDLQH�GLVFUHW��&HWWH�WHFK�
QLTXH�LQQRYDQWH�HVW��GLUHFWHPHQW��FRQoXH��SRXU�O¶H[SpULPHQWDWLRQ�HW�GRQQHUD�OLHX�j�GHV�WHVWV�VXU�VXMHWV�YLYDQW�DYHF�XQH�
OpVLRQ�GH�PRHOOH�pSLQLqUH�GDQV� OH� IXWXU��8QH�PHLOOHXUH�FRPSUpKHQVLRQ�GH� OD� VWDELOLWp�DVVLVH�SRXU� OHV�SHUVRQQHV�YLYDQW�
DYHF�XQH�/0e�SHUPHWWUDLW�QRQ�VHXOHPHQW�OD�FRQFHSWLRQ�GH�VLqJHV�GH�WUDQVSRUWV�SOXV�DGDSWpV�HW�VpFXULVDQW��UpGXLUDLW�DLQVL�
OHV�ULVTXH�GH�EOHVVXUH�OLpH�j�OD�FKXWH�HW�HQILQ�UpGXLUDLW�O¶LQFRQIRUW�UHVVHQWL�SHQGDQW�OH�YR\DJH� 
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6\VWHPV�RI�6\VWHPV��6R6��DUH�FRPSOH[�V\VWHPV�WKDW�HPHUJH�IURP�WKH�FROODERUDWLRQ�RI�VHYHUDO�LQGHSHQGHQW�V\VWHPV��
FDOOHG�FRPSRQHQW�V\VWHPV��RU�FRQVWLWXHQW�V\VWHPV���)LYH�PDLQ�FKDUDFWHULVWLFV�DUH�VKDUHG�LQ�WKH�OLWHUDWXUH�WKDW�GHILQH�D�
6R6�>�@��RSHUDWLRQDO�DQG�PDQDJHULDO�LQGHSHQGHQFH�RI�WKH�FRPSRQHQWV��HYROXWLRQDU\�GHYHORSPHQW��HPHUJHQW�EHKDYLRU��
DQG�JHRJUDSKLF�GLVWULEXWLRQ�� 
%DVHG�RQ�PDQDJHPHQW��REMHFWLYHV��DQG�UHODWLRQVKLS�EHWZHHQ�FRPSRQHQWV�V\VWHPV��D�6R6�PD\�EHORQJ�WR�RQH�RI�WKH���
W\SHV��GLUHFWHG��DFNQRZOHGJHG��FROODERUDWLYH��DQG�YLUWXDO���)LJXUH���� 
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7UDGLWLRQDO�V\VWHPV�HQJLQHHULQJ�IDOOV�VKRUW�ZKHQ�DSSOLHG�WR�6R6�>�@��IRU�WKH�FKDOOHQJHV�SUHVHQW�DW�WKH�6R6�OHYHO�GR�QRW�
H[LVW�RQ�V\VWHP�OHYHO��7R�GHDO�ZLWK�WKLV�LVVXH��DUFKLWHFWXUDO�IUDPHZRUN�DUH�XVHG�WR�EXLOG�DQG�PDQDJH�6R6��OLNH�)RU�WKLV�
SXUSRVH��VHYHUDO�IUDPHZRUNV�KDYH�EHHQ�SURSRVHG��OLNH�WKH�8�6��'HSDUWPHQW�RI�'HIHQVH�$UFKLWHFWXUH�)UDPHZRUN�
�'R'$)��>�@� 
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ODQH�FKDQJLQJ�RQ�KLJKZD\V� 
7KLV�PHWKRG�FRQVLVWV�RI�EXLOGLQJ�D�IUDPHZRUN�WKDW�FRQWDLQV�PXOWLSOH�YLHZV��WKDW�VKRZV�WKH�³QHHGV´�RI�WKH�6R6��DV�ZHOO�
DV�WKH�³QHHGV´�RI�LWV�FRPSRQHQWV��³1HHGV´�HQFRPSDVVHV�³*RDOV´��³&DSDELOLWLHV´��DQG�³5HTXLUHPHQWV´�LQ�WKLV�FRQWH[W��
7KH\�DOVR�VKRZ�KRZ�FRPSRQHQWV�PXVW�LQWHUDFW�LQ�WKH�6R6�FRQWH[W��DQG�WKH\�PDS�QHHGV�WR�WKHLU�VRXUFH�FRPSRQHQW��
ZKLFK�DOORZV�IRU�HDVLHU�DQDO\VLV�LQ�WKH�6R6� 
7KLV�IUDPHZRUN�LV�LQWHQGHG�WR�EH�FRPSDWLEOH�ZLWK�DQ\�DXWRQRPRXV�YHKLFOH��DQG�ZLOO�WDNH�LQWR�FRQVLGHUDWLRQ�DOO�WKH�
GLIIHUHQW�VFHQDULRV�DQG�FRQILJXUDWLRQV�RI�YHKLFOHV��,W�LV�LQWHQGHG�WR�DFW�DV�D�KLJK�OHYHO�GHFLVLRQ�PDNLQJ�WR�WKH�YHKLFOH��
DQG�LW�VHQGV�LWV�FRPPDQGV�WR�WKH�EXLOW-LQ�IXQFWLRQDOLWLHV�RI�WKH�YHKLFOH��$GDSWLYH�FUXLVH�FRQWURO��ODQH�NHHSLQJ�DVVLV�
VWDQFH��HWF���,Q�RWKHU�ZRUGV��WKLV�IUDPHZRUN�ZLOO�WHOO�WKH�YHKLFOH�ZKDW�LW�VKRXOG�GR��EXW�QRW�KRZ�WR�GR�LW� 
7R�YDOLGDWH�WKH�PRGHO��ZH�DUH�XVLQJ�$Q\ORJLF�DV�VLPXODWLRQ�VRIWZDUH��DQG�WKHQ�ZH�ZLOO�DSSO\�WKLV�IUDPHZRUN�WR�WKH�
LQWHOOLJHQW�YHKLFOHV�RI�WKH�5RERWH[�SODWIRUP��DQG�SHUIRUP�UHDO�H[SHULPHQWV� 
7KLV�WKHVLV�LV�SDUW�RI�WKH�VFLHQWLILF�SURJUDP�RI�/DEH[�06�7��DQG�LV�IXQGHG�E\�/DEH[��DQG�LQ�SDUWLFXODU��LW�DGGUHVVHV�WKH�
ILUVW�D[H�RI�UHVHDUFK��,QWHUDFWLRQ�DQG�&RRSHUDWLRQ�DPRQJ�6\VWHPV� 
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�/DERUDWRLUH�&5,6W$/�805�&156�����-�8QLYHUVLWp�GH�/LOOH����)UDQFH� 
 

 ,O� H[LVWH� GHX[� JUDQGHV� IDPLOOHV� GH� FDPpUDV� QXPpULTXHV� FRXOHXU� �� FHOOHV� FRPSRUWDQW� WURLV� FDSWHXUV� GLWHV� WUL-
FDSWHXUV� HW� OHV� FDPpUDV� TXL� QH� FRQWLHQQHQW� TX¶XQ� VHXO� FDSWHXU� DSSHOpHV� OHV� FDPpUDV�PRQR-FDSWHXU�� 'DQV� OHV� FDPpUD�
PRQRFDSWHXU�� OH�FDSWHXU�HVW�UHFRXYHUW�G¶XQH�PRVDwTXH�GH�ILOWUHV�FKURPDWLTXHV��&RORU�)LOWHU�$UUD\��RX�&)$���/¶LPDJH�
DLQVL�IRUPpH��GLWH��EUXWH��RX�&)$��QH�FRPSRUWH�GRQF�TX¶XQH�VHXOH�FRPSRVDQWH�FRXOHXU�SDU�SL[HO��6DFKDQW�TXH�FKDTXH�
SL[HO� G¶XQH� LPDJH� FRXOHXU� HVW�GpILQL� SDU� VHV���FRPSRVDQWHV� FRXOHXU�� LO�PDQTXH�GRQF�SRXU� FKDTXH�SL[HO� G¶XQH� LPDJH�
&)$���FRPSRVDQWHV�FRXOHXU�DILQ�GH�UHFRQVWUXLUH�O¶LPDJH�FRXOHXU��$ILQ�G¶HVWLPHU�FHV�QLYHDX[�PDQTXDQWV��XQH�SURFpGXUH�
DSSHOpH�GpPDWULoDJH�HVW�DSSOLTXpH�VXU�O¶LPDJH�&)$�HW�RQ�REWLHQGUD�DLQVL�XQH�LPDJH�FRXOHXU�HVWLPpH��'DQV�>�@��<��<DQJ�
D�pYDOXp�SOXVLHXUV�PpWKRGHV�GH�GpPDWULoDJH�HW�D�pWXGLp�OHV�GLIIpUHQWV�DUWpIDFWV�JpQpUpV�SDU�FHV�PpWKRGHV��,O�D�FRQFOX�TXH�
FHV�DUWHIDFWV�VRQW�SUpMXGLFLDEOHV�DX[�SURFpGXUHV�G¶DQDO\VHV�EDV�QLYHDX�GH�O¶LPDJH�FRXOHXU�HVWLPpH��'H�FHWWH�FRQFOXVLRQ��
2��/RVVRQ�HW�/��0DFDLUH�>�@�RQW�pWXGLp� OD�SRVVLELOLWp�G¶XWLOLVHU�GLUHFWHPHQW� O¶LPDJH�&)$�SRXU�FDUDFWpULVHU�HW�FODVVLILHU�
GHV� WH[WXUHV�FRXOHXU��'DQV� OH�SURORQJHPHQW�GH�FHV� WUDYDX[��QRXV�DYRQV�SURSRVp�GH�SRUWHU� OD�PpWKRGH�GH�GpWHFWLRQ�GH�
FRQWRXUV�SURSRVpH�SDU�'L�=HQ]R�>�@��LQLWLDOHPHQW�XWLOLVpH�GDQV�GHV�LPDJHV�FRXOHXU��VXU�GHV�LPDJHV�&)$��1RWUH�FRQWULEX�
WLRQ� UpVLGH�GDQV� O¶HVWLPDWLRQ�GHV�GpULYpHV�SDUWLHOOHV� HQ�[� HW� HQ�\�GLUHFWHPHQW� VXU� O¶LPDJH�&)$��(Q� HIIHW�� QRXV� DYRQV�
SURSRVp�GHX[�IDoRQV�G¶HVWLPHU�FHV�GpULYpHV���VRLW�HQ�XWLOLVDQW�XQH�VLPSOH�GLIIpUHQFLDWLRQ�RX�OH�ILOWUH�GH�'HULFKH�>�@��'DQV�
OHV�GHX[�FDV��RQ�FDOFXOH�G¶DERUG�OHV�GpULYpHV�SDUWLHOOHV�GHV�FRPSRVDQWHV�FRXOHXU�GLVSRQLEOHV��HQVXLWH��OHV�GHX[�GRQQpHV�
PDQTXDQWHV� VRQW� HVWLPpHV�SDU� LQWHUSRODWLRQ��$ILQ�G¶pYDOXHU� OD� TXDOLWp� GH�GpWHFWLRQ�GH� FRQWRXUV� VXU� GHV� LPDJHV�&)$��
QRXV�DYRQV�XWLOLVp�OH�FULWqUH�GH�$EGRX�HW�3UDWW��)LJXUH�RI�0HULW�)20���SRXU�FRPSDUHU�OD�TXDOLWp�GH�GpWHFWLRQ�GH�FRQWRXUV�
VXU�GHV�LPDJHV�GpPDWULopHV�DYHF�OD�PpWKRGH�GH�.LNX�HW�DO�>�@��VXU�GHV�LPDJHV�GH�OXPLQDQFH�HVWLPpHV�DYHF�OD�PpWKRGH�GH�
'XERLV�>�@�HW�VXU�GHV�LPDJHV�&)$��/HV�UpVXOWDWV�REWHQXV�VRQW�WUqV�HQFRXUDJHDQWV�WDQW�HQ�WHUPH�GH�TXDOLWp�GH�GpWHFWLRQ�GH�
FRQWRXUV�TX¶HQ�WHPSV�GH�FDOFXO�� 
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UHVROXWLRQ��,Q�3URFHHGLQJV�RI�WKH��UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6LJQDO-,PDJH�7HFKQRORJ\�	�,QWHUQHW-EDVHG�6\V�
WHPV��6,7,6¶�����SDJHV����–�����6KDQJKDL�-LDRWRQJ�8QLYHUVLW\��&KLQD��'HFHPEHU������� 

>�@�6LOYDQR�'L�=HQ]R��$�QRWH�RQ�WKH�JUDGLHQW�RI�D�PXOWL-LPDJH��&RPSXWHU�9LVLRQ��*UDSKLFV��DQG�,PDJH�3URFHVVLQJ����
��������–�����-DQXDU\������� 
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&86720,=('�*$50(17�'(6,*1�6<67(0�)25�(/'(5/<�3(23/(�25�3(5�
6216�:,7+�3+<6,&$/�',6$%,/,7,(6�)520�%2'<�6&$1�'$7$ 

 
<DQ�+21*��;LDQ\L�=(1*��3DVFDO�%581,$8;��$QWRQHOD�&857(=$��<DQ�&+(1 

 
*(07(;��(16$,7����$OOpH�/RXLVH�HW�9LFWRU�&KDPSLHU���������528%$,;��)5$1&( 

 
 (OGHUO\�SHRSOH�DQG�SHRSOH�ZLWK�GLVDELOLWLHV�FRQVWLWXWH�D�VRFLDO�JURXS�ZLWK�DW\SLFDO�PRUSKRORJ\��3:$0���$S�
SDUHO�SURGXFWV�LQIOXHQFH�WKH�GDLO\�OLIH�TXDOLW\�RI�WKLV�JURXS��:HDULQJ�DSSURSULDWH�FORWKLQJ�IXOILOOV�WKH�IXQFWLRQDO��H[SUHV�
VLYH�� DQG� DHVWKHWLF� UHTXLUHPHQWV� RI� FRQVXPHUV�� ,JQRUHG� FRQVLGHUDWLRQV� RI� DSSDUHO� SURGXFWV� IRU� 3:$0� VLJQLILFDQWO\�
UHGXFHV�WKH�TXDOLW\�RI�OLIH�DQG�VRFLDO�SDUWLFLSDWLRQ�RI�WKLV�JURXS�ZLWK�VSHFLDO�QHHGV��7KHVH�UHTXLUHPHQWV�LQFOXGH��FORWKLQJ�
DQG�WH[WLOHV�� LQFOXGLQJ�DHVWKHWLF�GHVLJQ��GUHVVLQJ�DQG�XQGUHVVLQJ��PDQLSXODWLQJ� IDVWHQHUV�� ILW��ZHDULQJ�HDVH�DQG�PRYH�
PHQW� DQG� LVVXHV� UHODWHG� WR� IDEULF� DQG� FRQVWUXFWLRQ��$GDSWLQJ� UHDG\-WR-ZHDU� �57:�� JDUPHQWV� LV� DOZD\V� UHTXLUHG� IRU�
3:$0��EXW�WKH�GHVLJQ�VROXWLRQ�RI�WKH�DGDSWLRQ�QRW�RQO\�WDNHV�WLPH�IRU�SURGXFWLRQ�DQG�GHOLYHU\�EXW�DOVR�FDQQRW�HQVXUH�D�
JRRG�YLVXDO�DQG�IXQFWLRQDO�FRPIRUW��7KHUH�LV�D�KXJH�JDS�EHWZHHQ�WKH�VXSSOLHG�SURGXFWV�LQ�WKH�PDUNHW�DQG�WKH�GHPDQGV�
IURP� WKH�FXVWRPHUV��7KH� WUDGLWLRQDO�JDUPHQW�GHVLJQ�SURFHVV� DQG� UHODWHG�GHVLJQ�NQRZOHGJH�� GHYHORSHG� IRU� WKH�QRUPDO�
ERG\�VKDSHV�FDQQRW�IXOO\�PHHW�WKH�UHTXLUHPHQWV�IRU�WKH�GHIRUPDWLRQV�UHODWHG�WR�VFROLRVLV�>�@��7KH�PDLQ�JRDO�RI�WKLV�UH�
VHDUFK�LV�WR�ILQG�SHUVRQDOL]HG�JDUPHQW�GHVLJQ�VROXWLRQV�WR�3:$0�UHJDUGLQJ�WH[WLOHV�FKRVHQ��JDUPHQW�FRQVWUXFWLRQ�GH�
VLJQ�DQG�RWKHU�UHODWHG�LVVXHV�$PRQJ�WKH�JURXS�RI�3:$0��SK\VLFDOO\�GLVDEOHG�SHRSOH�ZLWK�VFROLRVLV��3'36��LV�WKH�PRVW�
UHSUHVHQWDWLYH�FDWHJRU\��&RPSDUHG�ZLWK�RWKHU�3:$0��3'36�IDFH� WKH�PRVW�GLIILFXOW� VLWXDWLRQV� LQ�FKRRVLQJ� LGHDO�JDU�
PHQW�SURGXFWV��,Q�WKLV�VWXG\��3'36�LV�FKRVHQ�DV�WKH�UHVHDUFK�VXEMHFW��%DVHG�RQ�WKH�LQYHVWLJDWLRQ�RI�FRQVXPHU�EHKDYLRU�
RI�3'36�RI� WKLV�UHVHDUFK��WKHUH�DUH� WKUHH�SUREOHPV�IDFHG�E\�3'36�LQ�SXUFKDVLQJ�D�VXLWDEOH�JDUPHQW��JDUPHQW�GHVLJQ��
JDUPHQW�ILW�DQG�JDUPHQW�VKRSSLQJ��*DUPHQW�GHVLJQ�LQFOXGHV�DOO� WKH�UHODWHG�LVVXHV�RI� WKH�JDUPHQW�VW\OH��VXFK�DV�IDEULF�
VHOHFWLRQ��FRORU�� IDVWHQHUV� DQG�RSHQLQJ�� DQG�RWKHU�GHWDLOV��*DUPHQW� ILW� LQFOXGHV� WKH�JDUPHQW�FRQVWUXFWLRQ�DQG�ZHDULQJ�
HDVH�FRQWURO��7KH�SUREOHP�RI�JDUPHQW�VKRSSLQJ�LV�WKDW�FXUUHQW�JDUPHQW�VWRUHV�FDQQRW�IXOILOO�WKHLU�UHTXLUHPHQWV�RI�SHUVRQ�
DOL]DWLRQ�DQG�YLVLWLQJ�SK\VLFDO�VWRUHV�LV�QRW�FRQYHQLHQW�IRU�WKHP��,Q�WKH�WUDGLWLRQDO�GHVLJQ�SURFHVV�IRU�3'36��GHVLJQHUV�
VKRXOG�WDNH�LQWR�FRQVLGHUDWLRQ�RI� WKH�UHTXLUHPHQWV�RI�3'36�UHJDUGLQJ�IXQFWLRQDO��H[SUHVVLYH��DQG�DHVWKHWLF��)($��DV�
SHFWV�>�@��3HUFHSWXDO�GDWD�UHODWHG�WR�WKHVH�DVSHFWV�DUH�HYROXWLRQDU\��'LIIHUHQW�GHVLJQ�HOHPHQWV��VXFK�DV�FRORU��IDEULF�DQG�
JDUPHQW�VW\OH�DUH�VWURQJO\�UHODWHG�WR�WKH�IDVKLRQ�WUHQG��ZKLFK�LV�DOZD\V�FKDQJLQJ��1HZ�GHVLJQ�UXOHV�DQG�PDWHULDOV��VXFK�
DV�IXQFWLRQDO�IDEULFV��FRORU�WKHUDS\�����UHODWHG�WR�WKH�GHVLJQ�RI�3'36�LV�FUHDWHG�DQG�LQIOXHQFHV�WKH�JDUPHQW�GHVLJQ�SUR�
FHVV�� 7KH� WUDGLWLRQDO� GHVLJQ� SURFHVV� LV� VWURQJO\� UHODWHG� WR� GHVLJQHUV¶� VXEMHFWLYH� NQRZOHGJH� DQG� H[SHULHQFH��ZKLFK� LV�
UDWKHU�OLPLWHG�DQG�FDQQRW�HQVXUH�D�YHU\�KLJK�FRQVXPHU�VDWLVIDFWLRQ��7UDGLWLRQDO�JDUPHQW�GHVLJQ�SURFHVV�FDQQRW�IXOILOO�WKH�
UHTXLUHPHQWV�RI�SHUVRQDOL]HG�JDUPHQW�IRU�3'36�)DVKLRQ�UHFRPPHQGDWLRQ�V\VWHP�VHHPV�DQ�HIIHFWLYH�VROXWLRQ��KRZHYHU��
LQ� WKH� H[LVWLQJ� UHFRPPHQGDWLRQ� V\VWHPV�� WKHUH� H[LVW� D� QXPEHU�RI� GUDZEDFNV�ZKHQ� DSSO\LQJ� WR�SHUVRQDOL]HG�JDUPHQW�
GHVLJQ�����7KH�H[LVWLQJ�V\VWHPV�XQLTXHO\�FRQVLGHU�RQH�DVSHFW�RI�WKH�IDVKLRQ�GHVLJQ��IDEULF��FRORU��DQG�JDUPHQW�VW\OH«���
ZLWKRXW�JLYLQJ�D�FRPSUHKHQVLYH�IUDPH�ZLWK�DOO�WKH�UHODWHG�GHVLJQ�HOHPHQWV�����'HVLJQHUV��IDVKLRQ�GHVLJQHU�DQG�SDWWHUQ�
GHVLJQHU��DQG�FRQVXPHUV¶�NQRZOHGJH�DQG�H[SHULHQFH�DUH�QRW�WDNHQ�LQWR�DFFRXQW��,Q�UHDO�SHUVRQDOL]HG�JDUPHQW�SURFHVV��
WKH�NQRZOHGJH�DQG�H[SHULHQFH�DUH�WKH�LPSRUWDQW�IDFWRUV�WR�WKH�VXFFHVV�RI�WKH�GHVLJQ�FDVH�����7KH�HYROXWLRQDU\�SHUFHSWXDO�
GDWD�RI�D�FRQVXPHU�UHJDUGLQJ�SHUVRQDOL]DWLRQ�UHTXLUHPHQWV�DUH�FRPSOHWHO\�FRYHUHG�����$XWRPDWLF�SHUVRQDOL]HG�JDUPHQW�
GHVLJQ�LV�QRW�ZHOO�FRQQHFWHG�WR�DXWRPDWLF�SHUVRQDOL]HG�JDUPHQW�SURWRW\SLQJ��ZKLFK�LV�VWLOO�QRW�DEOH�WR�HQVXUH�D�IDVW�DF�
FHSWDQFH�RI�WKH�ILQDO�SURGXFW�����1HZ�GHVLJQ�UXOHV�DQG�GHVLJQ�PDWHULDOV�IURP�WKH�RSHQ�UHVRXUFH�FDQQRW�LQWHJUDWH�WR�WKH�
UHFRPPHQGDWLRQ�DQG�HQKDQFH�WKH�FRQVXPHU�VDWLVIDFWLRQ��)RU�GHDOLQJ�ZLWK�WKHVH�SUREOHPV��ZH�SURSRVH�LQ�WKLV�WKHVLV�DQ�
LQWHOOLJHQW� IDVKLRQ� UHFRPPHQGDWLRQ� V\VWHP� IRU� 3'36�� LQ� RUGHU� WR� VROYH� WKH� SUREOHPV� IDFHG� E\� 3'36��7KH� SURSRVHG�
IDVKLRQ� UHFRPPHQGDWLRQ� LV� D� GHVLJQ� VXSSRUW� V\VWHP� IRU� ERWK� GHVLJQHUV� DQG� FRQVXPHUV�ZKHQ� GHVLJQLQJ� SHUVRQDOL]HG�
JDUPHQW�IRU�3'36��7KLV�V\VWHP�KDV�WZR�IXQFWLRQV��DXWRPDWLF�JDUPHQW�UHFRPPHQGDWLRQ�DQG�SURWRW\SLQJ��7KH�SURFHVV�RI�
WKH�SURSRVHG� UHFRPPHQGDWLRQ� V\VWHP� VWDUWV�ZLWK��'� VFDQQLQJ� DQG� VHYHUDO� LQSXW� RI� FRQVXPHUV¶� SHUFHSWXDO� GDWD�� 7KH�
RXWSXW�RI�WKH�V\VWHP�LV�ILQDO�SHUVRQDOL]HG�JDUPHQW�SURGXFW��$OO�WKH�SURFHVV�FDQ�EH�SUHVHQWHG�WR�WKH�FRQVXPHU�WKURXJK�DQ�
RQOLQH�SODWIRUP��ZKLFK�HQVXUHV� WKH�FROODERUDWLYH�GHVLJQ�EHWZHHQ�GHVLJQHUV�DQG�FRQVXPHUV��7KLV� V\VWHP� LV�FDSDEOH�RI�
KHOSLQJ�GHVLJQHUV�WR�XQGHUVWDQG�G\QDPLFDOO\�FKDQJLQJ�UHTXLUHPHQWV�RI�FRQVXPHU�DQG�GHVLJQLQJ�DQG�SURWRW\SLQJ�3($�
RULHQWHG� SHUVRQDOL]HG� JDUPHQW� IRU� 3'36��7KH� SURSRVHG� V\VWHP� LV� D� G\QDPLF� V\VWHP�ZKLFK� LV� FDSDEOH� RI� SURFHVVLQJ�
HYROXWLRQDU\�FRQVXPHU�SHUFHSWXDO�GDWD�DQG�LQWHJUDWLQJ�QHZ�GHVLJQ�UXOHV�IURP�WKH�RSHQ�UHVRXUFH��'HVLJQHUV¶�NQRZOHGJH�
DQG�H[SHULHQFH�FDQ�EH�H[WUDFWHG�DQG�XWLOL]HG�WR�VXSSRUW�WKH�UHFRPPHQGDWLRQ�SURFHVV��7KH�SURSRVHG�V\VWHP�FDQ�EH�LQWH�
JUDWHG�ZLWK� H-FRPPHUFH� DQG� DXWRPDWLF�PDQXIDFWXULQJ� V\VWHP��ZKLFK�ZLOO� SURYLGH� FRQVXPHUV�ZLWK�PRUH� FRQYHQLHQW�
GHVLJQ�VHUYLFH� 
 
5pIpUHQFHV � 
 
>�@�&KHQ��;���7DR��;���=HQJ��;���.RHKO��/���	�%RXOHQJXH]-3KLSSHQ��-��������&RQWURO�DQG�RSWLPL]DWLRQ�RI�KXPDQ�SHUFHS�

WLRQ�RQ�YLUWXDO�JDUPHQW�SURGXFWV�E\�OHDUQLQJ�IURP�H[SHULPHQWDO�GDWD��.QRZOHGJH-%DVHG�6\VWHPV��������-���� 
>�@�/DPE��-�0���	�.DOODO��0�-����������$�FRQFHSWXDO�IUDPHZRUN�IRU�DSSDUHO�GHVLJQ��,Q��&ORWKLQJ�DQG�7H[WLOHV�5HVHDUFK�

-RXUQDO�����������-��� 
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1RXYHOOH�DSSURFKH�G¶RSWLPLVDWLRQ�GHV�V\VWqPHV�GH�SURGXFWLRQ�F\EHU-SK\VLTXHV ��8QH�DU�
FKLWHFWXUH�KpWpUDUFKLTXH�SDU�DSSUHQWLVVDJH�GLVWULEXp 

 
%28$==$�:DVVLPDE��6$//(=�<YHVE��%(/',/$/,�%RX]LDQHD 

 
/,2��8QLYHUVLWp�G¶2UDQ���$KPHG�%HQ�%HOOD ��E�/$0,+��8QLYHUVLWp�GH�9DOHQFLHQQHV�HW�GX�+DLQDXW-

&DPEUpVLV 
 

 /HV� SURFHVVXV� GH� SURGXFWLRQ�PRGHUQHV� VH� FDUDFWpULVHQW� SDU� XQH� FRPSOH[LWp� DFFUXH� HW� YRLHQW� O¶DSSDULWLRQ� GH�
QRXYHOOHV�FRQWUDLQWHV�WRXMRXUV�SOXV�SUHVVDQWHV��3DUPL�OHV�SUREOqPHV�OHV�SOXV�LPSRUWDQWV�UHQFRQWUpV�HQ�PLOLHX�PDQXIDFWX�
ULHU��OD�TXHVWLRQ�GX�SLORWDJH�GHV�V\VWqPHV�GH�SURGXFWLRQ�HVW�SOXV�TXH�MDPDLV��XQ�IDFWHXU�FOp�SRXU�DVVXUHU�OD�SpUHQQLWp�GH�
O¶HQWUHSULVH�PDQXIDFWXULqUH�PRGHUQH��$LQVL��O¶DSSOLFDWLRQ�GHV�WHFKQLTXHV�LVVXHV�GH�O¶LQWHOOLJHQFH�DUWLILFLHOOH�VH�YHXW�XQH�
UpSRQVH�DX[�PDUFKpV�JOREDOLVpV�WRXMRXUV�SOXV�FRQFXUUHQWLHOV��/
DYqQHPHQW�GHV�QRXYHOOHV�WHFKQRORJLHV�WUDQVIRUPH�JUDQ�
GHPHQW� OH� VHFWHXU�GH� OD�SURGXFWLRQ�LQGXVWULHOOH��(PHUJHDQW�GH�QRXYHDX[�SDUDGLJPHV� WHOV�TXH O¶,QWHUQHW�GHV�REMHWV� �RX�
,R7� SRXU� ,QWHUQHW� RI� 7KLQJV��� O¶,QGXVWULH� ���� GpILQLW� XQH� QRXYHOOH� RUJDQLVDWLRQ� GHV� XVLQHV�� WUDQVIRUPDQW� FHOOHV-FL� HQ�
© VPDUW�IDFWRULHV ª�RX�© XVLQHV�LQWHOOLJHQWHV ª��/
XWLOLVDWLRQ�GH�WHFKQRORJLHV�WHOV�TXH ��5),'��:,),�RX�HQFRUH�1)&��RIIUH�
GH�QRXYHOOHV�SHUVSHFWLYHV�SRXU�OH�SLORWDJH�GHV�PR\HQV�GH�SURGXFWLRQV��'H�QRXYHOOHV�FDSDFLWpV�G
LQWHUDFWLRQ�HW�GH�FDOFXO�
RQW�SHUPLV�OH�GpYHORSSHPHQW�GHV�QRXYHDX[�V\VWqPHV�PDQXIDFWXULHUV�GLWV�F\EHU-SK\VLTXHV�>�@��>�@��&HV�GHUQLHUV�DSSRU�
WHQW�SOXV�GH�VRXSOHVVH�PDLV�LQGXLVHQW�XQH�FRPSOH[LILFDWLRQ�GX�SLORWDJH�GHV�DFWLYLWpV�GH�SURGXFWLRQ� 

'DQV�FH�FRQWH[WH�LQGXVWULHO��GH�QRPEUHXVHV�DSSURFKHV�RQW�pWp�SURSRVpHV�SRXU�WUDLWHU�OH�SUREOqPH�FUXFLDO�GH�O
RUGRQ�
QDQFHPHQW�GHV�WkFKHV�GH�SURGXFWLRQ��/HV�DSSURFKHV�FHQWUDOLVpHV�FRQYHQWLRQQHOOHV�RIIUHQW�XQH�ERQQH�RSWLPLVDWLRQ�j�ORQJ�
WHUPH�PDLV� VRQW�JpQpUDOHPHQW� LQHIILFDFHV�HQ�FH�TXL�FRQFHUQH� OD�JHVWLRQ�GHV�SHUWXUEDWLRQV� WHOOHV�TXH� O¶DUULYpH�GH�QRX�
YHOOHV� WkFKHV�GH� IDEULFDWLRQ�RX� HQFRUH�GHV�SDQQHV�PDFKLQHV� >�@��'HV� UHFKHUFKHV�SOXV� UpFHQWHV�SUpVHQWHQW� OHV� SURGXLWV�
LQWHOOLJHQWV�FRPPH�XQH�VROXWLRQ�DSSRUWDQW�OD�UpDFWLYLWp�QpFHVVDLUH�>�@��>�@��(Q�HIIHW��FHV�SURGXLWV�F\EHU-SK\VLTXHV��&33���
SHXYHQW�LQWHUDJLU�DYHF�OHXU�HQYLURQQHPHQW�GXUDQW�OHXU�F\FOH�GH�YLH >�@��>�@��*UkFH�j�XQ��FRQWU{OH�GLVWULEXp�EDVp�VXU�GHV�
DUFKLWHFWXUHV� KpWpUDUFKLTXHV�� OHV� V\VWqPHV� SLORWpV� SDU� OHV� SURGXLWV� VHPEOHQW� WUDLWHU� SOXV� HIILFDFHPHQW� OHV� pYqQHPHQWV�
G\QDPLTXHV�� 1pDQPRLQV�� FHUWDLQV� SUREOqPHV� LQKpUHQWV� DX[� DUFKLWHFWXUHV� GLVWULEXpHV� DSSDUDLVVHQW�� /H� SOXV� LPSRUWDQW�
pWDQW�VDQV�GRXWH�OH�SUREOqPH�GH�P\RSLH�>�@��'X�IDLW�G¶XQ�PDQTXH�GH�YLVLELOLWp�GHV�HQWLWpV�GpFLVLRQQHOOHV�VXU�OH�FRPSRUWH�
PHQW�IXWXU�GX�V\VWqPH�PDQXIDFWXULHU��OD�SHUIRUPDQFH�JOREDOH�V¶HQ�WURXYH�DIIHFWpH� 

,QVSLUp�GHV�SUREOqPHV� UHQFRQWUpV� IUpTXHPPHQW�GDQV� OHV� LQGXVWULHV� �SKDUPDFHXWLTXH�� � DJURDOLPHQWDLUH«�� OH� SUpVHQW�
WUDYDLO� SURSRVH� GH� WUDLWHU� XQ� SUREOqPH� G¶RSWLPLVDWLRQ� DYHF� QRWDPPHQW�� GHV� FHOOXOHV� GH� SURGXFWLRQ� SDUWLHOOHPHQW�
IOH[LEOHV�� /H� FDV� GH� IOH[LELOLWp� SDUWLHOOH� GHV� FHOOXOHV� UHQG� O
RUGRQQDQFHPHQW�SOXV�GLIILFLOH�� FRPSOH[LILH� O
HVSDFH� GH� UH�
FKHUFKH�HW�DXJPHQWH�OH�WHPSV�GH�FDOFXO�>�@�� 

1RWUH�DSSURFKH�GLVWULEXpH�HVW�EDVpH�VXU�XQ�GHV�SURGXLWV�F\EHU-SK\VLTXHV��FRXSOpV�j�XQH�WHFKQLTXH�G
DSSUHQWLVVDJH�SDU�
UHQIRUFHPHQW�� (Q� XWLOLVDQW� XQH�PpWKRGH� RULJLQDOH� GH� FRQWH[WXDOLVDWLRQ� GpFLVLRQQHOOH�� OHV� &33� GpYHORSSpV� VRQW� DXWR�
QRPHV�HW�UpDFWLIV��*UDFH�O¶DSSUHQWLVVDJH�4-/HDUQLQJ��OHV�&33�FRQVLGqUHQW�OHV�GpFLVLRQV�SDVVpHV�HW�FKRLVLVVHQW�SXLV�DSSOL�
TXHQW� OD�UqJOH�GH�VpOHFWLRQ�GH�PDFKLQH�HW� OD�UqJOH�GH�VpTXHQFHPHQW� OHV�SOXV�DSSURSULpHV�SRXU�UpVRXGUH�GHV�SUREOqPHV�
FRPSOH[HV��/H�WUDYDLO�D�DLQVL�FRQVLVWp�j�OD�FRQFHSWLRQ�SXLV�j�O¶LPSOpPHQWDWLRQ�G¶XQ�RXWLO�GH�VLPXODWLRQ�SHUPHWWDQW�O¶pYD�
OXDWLRQ�GH� O¶DSSURFKH�DX�WUDYHUV�G¶H[SpULPHQWDWLRQ��FRUUHVSRQGDQW�j�GLIIpUHQWHV�FRQILJXUDWLRQV�GH�FHOOXOHV�PDQXIDFWX�
ULqUHV��(W�FHFL��HQ�LQWpJUDQW�GHV�FRQWUDLQWHV�GH�WHPSV�GH�FRQILJXUDWLRQV�HW�GH�WHPSV�GH�WUDLWHPHQWV�SRXYDQW�YDULpV�VHORQ�OD�
UHVVRXUFH�HW�RX�OHV�IDPLOOHV�GH�SURGXLWV�� 
 
5pIpUHQFHV � 
 
>�@ %��%DJKHUL��6��<DQJ��+��.DR��DQG�-��/HH��µ&\EHU-SK\VLFDO�6\VWHPV�$UFKLWHFWXUH�IRU�6HOI-$ZDUH�0DFKLQHV�LQ�,QGXV�

WU\�������(QYLURQPHQW¶��,)$&-3DSHUV2Q/LQH��YRO������QR�����SS������–����������� 
>�@ ,��/HH�DQG�.��/HH��µ7KH�,QWHUQHW�RI�7KLQJV��,R7���$SSOLFDWLRQV��LQYHVWPHQWV��DQG�FKDOOHQJHV�IRU�HQWHUSULVHV¶��%XV��

+RUL]���YRO������QR�����SS�����–�����$SU������� 
>�@ '��7UHQWHVDX[�� µ'LVWULEXWHG�FRQWURO�RI�SURGXFWLRQ�V\VWHPV¶��(QJ��$SSO��$UWLI�� ,QWHOO���YRO������QR�����SS�����–�����

2FW������� 
>�@ $��7KRPDV��'��7UHQWHVDX[��DQG�3��9DOFNHQDHUV�� µ,QWHOOLJHQW�GLVWULEXWHG�SURGXFWLRQ�FRQWURO¶��-��,QWHOO��0DQXI���YRO��

����QR�����SS������–������1RY������� 
>�@ '��0F)DUODQH��&��<��:RQJ�� �D��$��=DKDUXGLQ��DQG�9��$JDUZDO�� µ7KH� LQWHOOLJHQW�SURGXFW�GULYHQ�VXSSO\�FKDLQ¶�� LQ�

,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHPV��0DQ�DQG�&\EHUQHWLFV��������YRO�����S���� 
>�@ 0��*��0DUFKHWWD�� )��0D\HU�� DQG�5��4�� )RUUDGHOODV�� µ$� UHIHUHQFH� IUDPHZRUN� IROORZLQJ� D� SURDFWLYH� DSSURDFK� IRU�

3URGXFW�/LIHF\FOH�0DQDJHPHQW¶��&RPSXW��,QG���YRO������QR�����SS�����–���������� 
>�@ *��*��0H\HU��.��)UlPOLQJ��DQG�-��+ROPVWU|P��µ,QWHOOLJHQW�3URGXFWV��$�VXUYH\¶��&RPSXW��,QG���YRO������QR�����SS�����

–�����$SU������� 
>�@ *��=DPEUDQR��µ5HGXFLQJ�0\RSLF�%HKDYLRU�LQ�)06�&RQWURO¶��6LPXO��0RGHO��3UDFW��7KHRU\��YRO������QR�����SS����–

��������� 
>�@ ,��.DFHP��6��+DPPDGL��DQG�3��%RUQH��µ$SSURDFK�E\�ORFDOL]DWLRQ�DQG�PXOWLREMHFWLYH�HYROXWLRQDU\�RSWLPL]DWLRQ�IRU�

IOH[LEOH�MRE-VKRS�VFKHGXOLQJ�SUREOHPV¶��,(((�7UDQV��6\VW��0DQ�&\EHUQ��3DUW�&��$SSOLFDWLRQV�5HY���YRO������QR�����
SS���–����)HE�������� 
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0XOWL-REMHFWLYH�HYROXWLRQDU\�DOJRULWKP�IRU�WKH�IOH[LEOH�MRE�VKRS��$�1RQ-'RPLQDWHG�6RUW�
LQJ�*HQHWLF�$OJRULWKP�5HVROXWLRQ�$SSURDFK 

 
$]]HGLQH�%HNNDUD�E��$EGHOJKDQL�%HNUDUE��%RX]LDQH�%HOGMLODOLD 

 
D�/DERUDWRLUH�G¶,QIRUPDWLTXH�G¶2UDQ�/,2��XQLYHUVLW\�RI�2UDQ���$KPHG�%HQ�%HOOD 

%3�������(/�0¶1DRXHU��(V�6HQLD��������2UDQ��$OJHULD 
E�/$0,+��805�&156�������8QLYHUVLW\�RI�9DOHQFLHQQHV�DQG�+DLQDXW-&DPEUpVLV��89+&��9DOHQFLHQQHV��

)UDQFH 
 

 7KH�FXUUHQW�DVVXPSWLRQ�WKDW�QDWXUDO�UHVRXUFHV�DUH�HQGOHVV�LV�QR�ORQJHU�DFFHSWDEOH��6XVWDLQDELOLW\�EHFRPH�D�
PDMRU�LVVXH�DQG�D�FUXFLDO�SUREOHP�WKDW�KDV�PDMRU�LPSDFW�RQ�WKH�HFRQRPLF��SROLWLFDO��VRFLDO�DQG�HQYLURQPHQWDO�VHFWRUV� 
)RU�WKLV��WKH�PDQXIDFWXULQJ�V\VWHPV�PXVW�JLYH�WKH�WRROV�DQG�RSWLRQV�IRU�EXLOGLQJ�QHZ�VROXWLRQV�WRZDUGV�VXVWDLQDEOH�
PDQXIDFWXULQJ��7KH�VXVWDLQDEOH�PDQXIDFWXULQJ�GHILQLWLRQ�FDQ�EH�GHILQHG�DV�WKH�FDSDFLW\�WR�VPDUWO\�XVH�QDWXUDO�UHVRXUFHV�
IRU�PDQXIDFWXULQJ��E\�FUHDWLQJ�SURGXFWV�DQG�VROXWLRQV�WKDW�WKDQNV�WR�QHZ�WHFKQRORJLHV��ZKLOH�VDWLVI\LQJ�WKH�HFRQRPLF��
HQYLURQPHQWDO�DQG�VRFLDO�REMHFWLYHV��5HVHDUFK�DQG�GHYHORSPHQW�SOD\�DQ�LPSRUWDQW�UROH�WR�WKLV�FRQFHUQ��KDYLQJ�WKH�UH�
VSRQVLELOLW\�WR�SURSRVH�DSSURSULDWH�RSWLRQV�DQG�DOWHUQDWLYHV�WR�WKH�VRFLHW\��0RUHRYHU��IRU�WKHVH�UHDVRQV��WKH�,06�����
SURMHFW�FRQVRUWLXP�KDV�DOVR�WDUJHWHG�HQHUJ\�FRQVXPSWLRQ�DV�RQH�RI�WKH�PDLQ�FRQFHUQV�RI�WKH�PDQXIDFWXULQJ�GRPDLQ�ZLWK�
WKH�DLP�WR�FRQVLGHUDEO\�UHGXFH�HQHUJ\�FRQVXPSWLRQ�GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV� 
7KLV�ZRUN�IRFXVHV�RQ�WKH�HQHUJ\�PDQDJHPHQW�DW�DQ�RSHUDWLRQDO�OHYHO�VXFK�DV�DFWLYLWLHV�OLNH�SURGXFWLRQ�WDVN��VFKHGXOLQJ��
PDLQWHQDQFH�DQG�URXWLQJ��$W�WKLV�OHYHO��WZR�GLIIHUHQW�SDUDGLJPV�FDQ�EH�VWXGLHG��3HDN�3RZHU�&RQVXPSWLRQ�DQG�2YHUDOO�
(QHUJ\�&RQVXPSWLRQ��+RZHYHU��WKH�ILUVW�DSSURDFK�RQO\�FRQFHUQ�V\VWHP�ZLWK�HQHUJ\�SHDNV�DQG�D�WKUHVKROG�PD[LPXP�
HQHUJ\�QRW�WR�EH�H[FHHG��7KH�VHFRQG�DSSURDFK��FDQ�EH�VHHQ�DV�PRUH�OLNHO\�VWUDWHJ\�WR�EH�LPSOHPHQWHG��DV�LW�GRHV�QRW�
LQFOXGH�DOO�GLPHQVLRQV�RI�LQWHUHVW�IRU�D�PDQXIDFWXUHU�ZDQWLQJ�WR�EHFRPH�PRUH�VXVWDLQDEOH��FUHDWLQJ�D�WUDGH-RII�EHWZHHQ�
HDVH�RI�LPSOHPHQWDWLRQ�DQG�ZLGWK�RI�LPSDFW��6LQFH�D�FRQVLGHUDEOH�DPRXQW�RI�HQHUJ\�LV�ZDVWHG�E\�PDFKLQHV��7KHUHIRUH��
HQHUJ\�VDYLQJ�FDQ�EH�DFKLHYHG�E\�XVLQJ�D�VZLWFKLQJ�PHFKDQLVP�WR�FRQVHUYH�HQHUJ\�RI�WKH�UHVRXUFH�LWVHOI�E\�XVLQJ�WKH�
IROORZLQJ�SULQFLSOH��WXUQ�RII�UHVRXUFHV�ZKHQ�WKH\�DUH�LQDFWLYH� 
,Q�WKLV�ZRUN��WKH�PXOWL-REMHFWLYH�HYROXWLRQDU\�DOJRULWKP�16*$-,,��LV�DSSOLHG�WR�FDUU\�RXW�LQ�PXOWL-REMHFWLYH�VSHFLILF�
IOH[LEOH�PDQXIDFWXULQJ�V\VWHP��7KH�)OH[LEOH�-RE�6KRS��7KH�3DUHWR-EDVHG�DOJRULWKP�LV�XVHG�WR�LPSURYH�VLPXOWDQHRXVO\�
WKH�PDNHVSDQ�DQG�RYHUDOO�HQHUJ\�FRQVXPSWLRQ�WR�VROYH�WKH�IOH[LEOH�MRE�VKRS�VFKHGXOLQJ�SUREOHP�FRQVLGHULQJ�WKH�HQHUJ\�
HIILFLHQF\��$�VLPXODWLRQ�DSSURDFK�LV�XVHG�WR�ILQG�DOO�QRQ-GRPLQDWHG�VROXWLRQV�RI�WKH�SUREOHP��L�H��HYHU\�VROXWLRQ�ZKLFK�
ZH�FDQQRW�LPSURYH�RQH�REMHFWLYH�IXQFWLRQ�ZLWKRXW�GHWHULRUDWLQJ�DQRWKHU��7KH�SURSRVHG�DOJRULWKP�LV�WHVWHG�RQ�WKH�EHQFK�
PDUN�GDWD-VHW�&��RI�>�@���D�EHQFKPDUN�DOO\LQJ�WKH�DGYDQWDJHV�RI�WKH�EHQFKPDUNV�SURSRVHG�E\�ERWK�RI�WKH�SURGXFWLRQ�
FRQWURO�DQG�25�FRPPXQLWLHV��DQG�EDVHG�RQ�D�SK\VLFDO��UHDO-ZRUOG�V\VWHP�WDNLQJ�UHDOLVWLF�SURGXFWLRQ�FRQVWUDLQWV�LQWR�
DFFRXQW�� 
 
5pIpUHQFHV � 
 
>�@ '��7UHQWHVDX[�HW�DO���³%HQFKPDUNLQJ�IOH[LEOH�MRE-VKRS�VFKHGXOLQJ�DQG�FRQWURO�V\VWHPV�´�&RQWURO�(QJ��3UDFW���YRO��

����QR�����SS������–������6HS������� 
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6WUDWpJLH�GH�FRQWU{OH�KDSWLTXH�SRXU�OD�UpKDELOLWDWLRQ�GX�PHPEUH�VXSpULHXU�DWWHLQW�
GH�O¶HQIDQW�KpPLSOpJLTXH� 

 

0��(OVDHK������0��'MHPDL������3��3XGOR������0��%RXUL����� 
 

���/$0,+��&156�805�������89+&�� 
��5RERWLF�6\VWHPV�/DERUDWRU\��,QVWLWXWH�IRU�0LFURHQJLQHHULQJ��(3)/� 

 
 �/
KpPLSOpJLH�HVW�XQH�SUpRFFXSDWLRQ�PRQGLDOH�SRXU�OD�VDQWp��&
HVW�XQH�SDUWLH�GH�OD�3DUDO\VLH�&pUpEUDOH��3&��R��
XQH�PRLWLp�YHUWLFDOH�GX�FRUSV�HVW�DIIHFWpH��OD�SDUDO\VLH��>�@��&HOD�FDXVH�XQ�LPSDFW�VLJQLILFDWLI�VXU�OH�QLYHDX�GX�KDQGLFDS��
/HV�GpILFLHQFHV�PRWULFHV��TXL�FRPSUHQQHQW� OHV� LQFDSDFLWpV�GHV�PHPEUHV�VXSpULHXUV��VRQW�IUpTXHQWHV�DSUqV� O
KpPLSOpJLH�
>�@��&HV�KDQGLFDSV�VXUYLHQQHQW�HQ�UDLVRQ�GH�OD�SHUWH�GH�OD�FRPPXQLFDWLRQ�HQWUH�OH�FHUYHDX�HW�OH�F{Wp�DIIHFWp�GX�FRUSV�>�@��
'DQV�FHWWH� WKqVH��XQH�VWLPXODWLRQ�YLVXHOOH��DXGLR�HW� WDFWLOH�D�pWp� IRXUQLH�DX[�SDWLHQWV�SRXU� UpDFWLYHU� OD�FRPPXQLFDWLRQ�
HQWUH�OHXU�FHUYHDX�HW�OHXUV�PHPEUHV�VXSpULHXUV�DIIHFWpV��/D�VWUDWpJLH�GH�FRQWU{OH�KDSWLTXH�D�pWp�GpYHORSSpH�HQ�XWLOLVDQW�
GHV�GLVSRVLWLIV�KDSWLTXHV��TXL�VRQW�PRLQV�FR�WHX[�HQ�FRPSDUDLVRQ�DYHF�G
DXWUHV�GLVSRVLWLIV�DOWHUQDWLIV�GH�WKpUDSLH�FRPPH�
GHV�URERWV��HW�GHV�VFpQDULRV�GH�5pDOLWp�9LUWXHOOH��59��SRXU�OD�WKpUDSLH�KDSWLTXH-59�DILQ�GH�V
DVVXUHU�TXH�OHV�IOX[�YLVXHOV��
DXGLR�HW�WDFWLOHV��/H�UHWRXU�VHUD�IRXUQL�DX�FHUYHDX�SRXU�WUDQVPHWWUH�VHV�LQVWUXFWLRQV�DX�FRUSV��8Q�GLVSRVLWLI�KDSWLTXH�j���
'HJUpV�'H�/LEHUWp��''/��D�pWp�XWLOLVp�SRXU�DSSOLTXHU�FHWWH�VWUDWpJLH�GH�FRQWU{OH�HQ�PRGH-DFWLI��/D�VWUDWpJLH�GpYHORSSpH�
IRXUQLW�GHV�WUDMHFWRLUHV�OLEUHV��WUDMHFWRLUHV��GDQV�GHV�VFqQHV�59�HW�IRUFH�IHHG-EDFN�GDQV�G
DXWUHV�GLUHFWLRQV��DXWUHPHQW�GLW�
PRGqOH� µUpVLVWDQW� DX[� EHVRLQV¶�� 'HX[� PpWKRGHV� G
pYDOXDWLRQ� RQW� pWp� GpYHORSSpHV� SRXU� pYDOXHU� OD� SHUIRUPDQFH� GHV�
PHPEUHV�VXSpULHXUV�FLEOpV��/D�SUHPLqUH�PpWKRGH�G
pYDOXDWLRQ�D�pWp�GpYHORSSpH�HQ�XWLOLVDQW�GX�NLQHFW70�SRXU�:LQGRZV��
&HW�DSSDUHLO�D�pWp�FKRLVL�HW�XWLOLVp�GDQV�QRWUH�V\VWqPH�HQ�IRQFWLRQ�GH�VD�SRUWDELOLWp��GH�VRQ�HVSDFH�GH�WUDYDLO��GH�VD�IDFLOLWp�
G
XWLOLVDWLRQ� HW�GH� VRQ�SUL[�EDV��/D�SULQFLSDOH� UDLVRQ�GH� FHWWH�PpWKRGH�G
pYDOXDWLRQ� HVW�GH�YDOLGHU� OD� UHODWLRQ� HQWUH� OHV�
GLIIpUHQWV�VFpQDULRV�GH�59�HW�OH�W\SH�GH�PRXYHPHQW�HIIHFWXp�SDU�OHV�PHPEUHV�VXSpULHXUV�DIIHFWpV�GHV�HQIDQWV��/D�GHX�
[LqPH�PpWKRGH�G
pYDOXDWLRQ�D�pWp�GpYHORSSpH�HQ�XWLOLVDQW� OHV�GRQQpHV�FROOHFWpHV�GX�V\VWqPH�OXL-PrPH�DILQ�GH�IRXUQLU�
DX[�WKpUDSHXWHV�OD�TXDOLWp�HW�OD�TXDQWLWp�GH�SHUIRUPDQFH�j�FKDTXH�W\SH�GH�PRXYHPHQWV��&HWWH�PpWKRGH�D�pWp�FRQVWUXLWH�HQ�
IRQFWLRQ� GH� O
DSSURFKH� GH� OD� ORJLTXH� IORXH�� 7URLV� H[SpULHQFHV� RQW� pWp� UpDOLVpHV��'HX[� H[SpULHQFHV� GH� WKpUDSLH� HW� XQH�
H[SpULHQFH�G
pYDOXDWLRQ��/HV�UpVXOWDWV�LOOXVWUHQW�XQH�DPpOLRUDWLRQ�GX�UHFUXWHPHQW�FRQMRLQW�QRUPDO��&H�TXL�HQWUDvQH�TXH�OH�
FRQWU{OH�KDSWLTXH�GpYHORSSp�DYHF�59�DLGH�j�HQFRXUDJHU�OH�F{Wp�DIIHFWp�GX�FHUYHDX�j�GRQQHU�OHV�LQVWUXFWLRQV�QpFHVVDLUHV�
DX�PHPEUH�VXSpULHXU�DIIHFWp�� 
 
5pIpUHQFHV � 
 
�>�@�6XUYHLOODQFH�RI�&HUHEUDO�3DOV\�LQ�(XURSH��6&3(���6XUYHLOODQFH�RI�FHUHEUDO�SDOV\�LQ�(XURSH��D�FROODERUDWLRQ�RI�FHUH�

EUDO�SDOV\�VXUYH\V�DQG�UHJLVWHUV��'HY�0HG�&KLOG�1HXURO������������������SS�����–���� 
>�@�'HOXFD�6&��(FKROV�.��/DZ�&5��5DPH\�6/��,QWHQVLYH�SHGLDWULF�FRQVWUDLQW-LQGXFHG�WKHUDS\�IRU�FKLOGUHQ�ZLWK�FHUHEUDO�

SDOV\�� UDQGRPL]HG�� FRQWUROOHG�� FURVVRYHU� WULDO�� -� &KLOG� 1HXURO�� ������������ –����� GRL��
����������������������������� 

>�@�)HGUL]]L�(��3DJOLDQR�(��$QGUHXFFL�2*��+DQG�IXQFWLRQ�LQ�FKLOGUHQ�ZLWK�KHPLSOHJLF�FHUHEUDO�SDOV\��3URVSHFWLYH�IROORZ
-XS�DQG�IXQFWLRQDO�RXWFRPH�LQ�DGROHVFHQFH��'HY�0HG�&KLOG�1HXURO�����������–��� 
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6XUYHLOODQFH�SRXU�OD�VpFXULWp�GHV�UpVHDX[�:61V���6\VWqPHV�GH�'pWHFWLRQ�G
,QWUXVLRQV� 
 

)DWLKD�0HNHOOHFKH���+DILG�+DIIDI���%HONDFHP�2XOG%RXDPDPD� 
 

�/DERUDWRLUH�5,,5��LQIRUPDWLTXH�GHSDUWPHQW��XQLYHUVLW\�RI�2UDQ���$KPHG�%HQEHOOD��$OJHULD 
�/DERUDWRLUH�&5,67$/�805�&156�������8QLYHUVLW\�RI�/LOOH���)UDQFH 

 
 /H�GRPDLQH�GHV�UpVHDX[�GH�FDSWHXUV�VDQV�ILO� �:61V��FRQQDLW�XQ�JUDQG�HQJRXHPHQW�FHV�GHUQLqUHV�DQQpHV��(Q�
HIIHW��DYHF�OHV�LQQRYDWLRQV�WHFKQRORJLTXHV�GDQV�OD�PLQLDWXULVDWLRQ��OD�JHVWLRQ�GH�O¶pQHUJLH�HW�OD�FRPPXQLFDWLRQ�VDQV�ILO���
OHV�:61V�VRQW�VRUWLV�GX�FDGUH�GHV�SDSLHUV�GH�UHFKHUFKH�SRXU�GHYHQLU�XQH�UpDOLWp�LQGXVWULHOOH��&H�VXFFqV�HVW�G��HVVHQWLHO�
OHPHQW�DX�JUDQG�SRWHQWLHO�G¶XWLOLVDWLRQ�HW�G¶DSSOLFDWLRQ�TX¶LOV�RIIUHQW�GDQV�SOXVLHXUV�GRPDLQHV�>�@� ��GRPDLQH�PLOLWDLUH��
GRPDLQH�VDQLWDLUH��GRPDLQH�G
DJULFXOWXUH��GRPDLQH�GH�WUDQVSRUW�LQWHOOLJHQW�DLQVL�GDQV�OD�VXUYHLOODQFH�HQYLURQQHPHQWDOH��
VXUYHLOODQFH�LQGXVWULHOOH��HWF��3UDWLTXHPHQW��FHV�UpVHDX[�UpXQLVVHQW�XQ�JUDQG�QRPEUH�GH�Q°XGV�FDSWHXUV�FRPPXQLTXDQW�
JpQpUDOHPHQW�SDU� OHV�RQGHV�UDGLR��&KDTXH�FDSWHXU�HVW�XQ�SHWLW�GLVSRVLWLI�DXWRQRPH�TX
LO�FDSWH�HW�SUpOqYH�XQH�SURSULpWp�
SK\VLTXH�GH�VRQ�HQYLURQQHPHQW���'DQV�OHV�UpVHDX[�:61V��TXL�VRQW�O¶REMHW�GH�QRWUH�pWXGH��OHV�FDSWHXUV�VRQW�G
XQH�SDUW�
GRWpV�GH� UHVVRXUFHV� WUqV� OLPLWpHV� HQ� WHUPHV�GH� FDSDFLWp�GH� FDOFXO�� G
HVSDFH�GH� VWRFNDJH��SXLVVDQFH�GH� WUDQVPLVVLRQ� HW�
G
pQHUJLH�HPEDUTXpH��EDWWHULH��HW�G
DXWUHV�SDUW��LOV�VRQW�GpSOR\pV�VDQV�LQIUDVWUXFWXUH�SUpGpILQLH�GDQV�GHV�HQYLURQQHPHQWV�
KRVWLOHV�HW�GLIILFLOHV�G¶DFFqV��VDQV�SURWHFWLRQ�SK\VLTXH��DEVHQFH�GH�VpFXULWp�SK\VLTXH��HW�VDQV�SRVVLELOLWp�GH�UHFKDUJHPHQW�
GH�EDWWHULH��(Q�RXWUH��OHV�OLHQV�GH�FRPPXQLFDWLRQ�UDGLR�VRQW�pJDOHPHQW�IUDJLOHV�HW�OHXU�SDQQH�SHXW�SURYRTXHU�XQ�SDUWL�
WLRQQHPHQW�GX�UpVHDX�HW�XQ�FKDQJHPHQW�GDQV�OD�WRSRORJLH��&HV�IDFWHXUV�UHQGHQW�FH�W\SH�GH�UpVHDX[�WUqV�YXOQpUDEOH�j�GHV�
DFWLRQV�SHUWXUEDWULFHV�HW�PDOYHLOODQWHV�VXVFHSWLEOHV�GH�FRPSURPHWWUH�OH�UpVHDX�HW�G
HQWUDYHU�VRQ�ERQ�IRQFWLRQQHPHQW��/D�
QDWXUH� YXOQpUDEOH� GX� UpVHDX�:61� HW� OHV� FRQWUDLQWHV�GH� GLVSRQLELOLWp� HW� GH� V�UHWp� GH� IRQFWLRQQHPHQW� LPSRVpHV� SDU� OD�
PDMRULWp�GHV�DSSOLFDWLRQV��HQ�SDUWLFXOLHU��OHV�DSSOLFDWLRQV�FULWLTXHV�TXL�RQW�XQ�LPSDFW�GLUHFW�VXU�O¶KRPPH�RX�VXU�O¶HQYL�
URQQHPHQW� �FRPPH� OD� VXUYHLOODQFH� GHV�PDODGHV�� OD� VXUYHLOODQFH� G
XQH� ]RQH� HQQHPLV�� OD� VXUYHLOODQFH� G
XQH� XVLQH� QX�
FOpDLUH��OD�GpWHFWLRQ�GHV�LQFHQGLHV��HWF����RQW�UHQGX�OD�VpFXULWp�HVW�XQ�YpULWDEOH�FKDOOHQJH��(Q�HIIHW��FRPPH�O
REMHFWLI�SULQ�
FLSDO�GHV�FDSWHXUV�GDQV�OH�UpVHDX�HVW�GH�FROOHFWHU�HQ�WHPSV�UpHO�GHV�GRQQpHV�VHQVLEOHV�HW�FULWLTXHV�VXU�OHVTXHOOHV�VH�EDVHQW�
GHV�GpFLVLRQV�LPSRUWDQWHV�HW�HQVXLWH�OHV�WUDQVPHWWUH�G¶XQH�PDQLqUH�FRQILGHQWLHOOH�j�XQ�FHQWUH�GH�JHVWLRQ�HW�GH�FRQWU{OH��
FHWWH�RSpUDWLRQ�GRLW�FH�IDLUH�VDQV�LQWHUIpUHQFHV�PDOLFLHXVHV�HW�DYHF�XQ�QLYHDX�GH�VpFXULWp�HW�ILDELOLWp�FRQYHQDEOH�j�FKDTXH�
LQVWDQW����/D�VpFXULWp�HVW�GpILQLW�FRPPH�OD�JHVWLRQ�GX�ULVTXH�TXL�PHQDFH�OD�FRQILGHQWLDOLWp��O
LQWpJULWp��HW�OD�GLVSRQLELOLWp�
GHV�GRQQpHV��3OXV�SUpFLVpPHQW�� OH�FRQFHSW�GH�VpFXULWp�GDQV� OH� UpVHDX�:61�FRQVLVWH�j� OH� VpFXULVHU�FRQWUH� OHV�DWWDTXHV�
H[WHUQHV� RX� LQWHUQHV� >�@� >�@��DFWLYH�RX�SDVVLYH� >�@� HW� FRQWUH� OHV� GpIDLOODQFHV�GHV� UHVVRXUFHV� �FRPPH� O
pSXLVHPHQW�GHV�
UHVVRXUFHV�G¶pQHUJLH���3OXVLHXUV�UHFKHUFKHV�RQW�pWp�FRQGXLWHV�DILQ�GH�SURSRVHU�GHV�PpFDQLVPHV�GH�VpFXULWp�GDQV�OH�:61�
>�@�� >�@�� >�@��/D� FU\SWRJUDSKLH� >�@� HW� O¶DXWKHQWLILFDWLRQ� >�@� VRQW� OHV�PpFDQLVPHV� OHV� SOXV� FRQQXV� �SRXU� � FRPEDWWUH� FHV�
PHQDFHV� GH� VpFXULWp�� 1pDQPRLQV�� QRXV� SRXYRQV� SDV� JDUDQWLU� XQ� QLYHDX� GH� VpFXULWp� SDUIDLW� FRQWUH� WRXWHV� OHV� DWWDTXHV�
DIIHFWDQW� OH�FRPSRUWHPHQW�GX�UpVHDX�:61��RQ�SHXW�SDV�SUpYRLU� WRXV� OHV� W\SHV�G
DWWDTXHV��HQ�XWLOLVDQW�XQLTXHPHQW�FHV�
PpFDQLVPHV��(Q� HIIHW�� XQ�Q°XG� DWWDTXDQW� SHXW� FRPSURPHWWUH� XQ� Q°XG� OpJLWLPH� DILQ�GH� V¶LQILOWUHU� GDQV� OH� UpVHDX��&H�
Q°XG� DWWDTXDQW� XWLOLVHUD� SDU� OD� VXLWH� WRXWHV� OHV� LQIRUPDWLRQV� FDSWXUpHV� GX� Q°XG� YLFWLPH� SRXU� VXUSDVVHU� OHV� FRQWU{OHV�
G¶DXWKHQWLILFDWLRQ� HW� GpFU\SWHU� WRXWHV� OHV� LQIRUPDWLRQV� FRGpHV� �DYRLU� OHV� FOpV� FU\SWRJUDSKLTXHV��� ,O� V
DYqUH� QpFHVVDLUH�
GRQF�G¶LQWpJUHU�XQH�VWUDWpJLH�GH�VXUYHLOODQFH�DX[�VHUYLFHV�GH�:61�DILQ�GH�UHQIRUFHU�VD�VpFXULWp�DLQVL�JDUDQWLU�DX�PLHX[�
VD�FRQQHFWLYLWp�HW�VD�V�UHWp�GH�IRQFWLRQQHPHQW��&HWWH�VWUDWpJLH�UHSUpVHQWH�XQ�V\VWqPH�GH�GpWHFWLRQ�G¶LQWUXVLRQV��,QWUXVLRQ�
'HWHFWLRQ�6\VWHP��,'6��HQ�DQJODLV��>��@��>��@��FDSDEOH�GH�GpWHFWHU�OHV�DWWDTXHV�HW�G¶HQ�LQIRUPHU�OHV�Q°XGV�GX�UpVHDX�/D�
GpWHFWLRQ�GHV�FRPSRUWHPHQWV�DQRUPDX[�GDQV�OH�UpVHDX�:61�HVW�O
XQH�GHV�VROXWLRQV�OHV�SOXV�SURPHWWHXVHV�HQ�PDWLqUH�GH�
VXUYHLOODQFH�SRXU�OXWWHU�FRQWUH�OHV�PHQDFHV�GH�VpFXULWp��(Q�HIIHW��SRXU�DYRLU�XQ�UpVHDX�SOXV�V�U�HW�SOXV�ILDEOH��LO�HVW�QpFHV�
VDLUH�GH�GpFRXYULU�HW�GH�UHSpUHU�WRXWHV�OHV�DFWLYLWpV�DQRUPDOHV��LQWUXVLRQV��GDQV�OH�UpVHDX��/D�IRQFWLRQ�SULQFLSDOH�GH�O
,'6�
HVW�GH�VXUYHLOOHU� OH�FRPSRUWHPHQW�GHV�Q°XGV�j�GLIIpUHQWV�FRXFKHV�� ,O� HVW�XWLOLVp�SRXU�GpWHFWHU�HW� LGHQWLILHU� WRXWH�DFWLRQ�
LQKDELWXHOOH�GDQV�OH�UpVHDX�SXLV�JpQpUHU�XQH�DODUPH�SRXU�LQIRUPHU�OHV�DGPLQLVWUDWHXUV�UpVHDX�TX
XQH�LQWUXVLRQ�D�HX�OLHX�
RX�HVW�HQ�FRXUV�DILQ�G
DUUrWHU�RX�GH� UpGXLUH� O
LPSDFW�GH� O
LQWUXV��'RQF�� OH�GpYHORSSHPHQW�HW� O¶LPSOpPHQWDWLRQ�GHV�V\V�
WqPHV� GH� GpWHFWLRQ� G¶LQWUXVLRQV� GpGLpV� DX[� UpVHDX[� :61V� HVW� WUqV� LPSRUWDQW�� &HSHQGDQW�� LO� HVW� LQGLVSHQVDEOH�� WRXW�
G
DERUG��GH�FRQQDvWUH�HW�pWXGLHU� �VXU� OH�SODQ�WKpRULTXH�� OHV�GLIIpUHQWV� VWUDWpJLHV�SURSRVpHV�GDQV�FH�FRQWH[WH��3RXU�FHOD��
GDQV�QRWUH�WUDYDLO��RQ�YD�IRFDOLVHU�VXU�OH�SURFHVVXV�GH�GpWHFWLRQ�G¶LQWUXVLRQV�GDQV�OHV�UpVHDX[�:61V�R��RQ�YD�pWXGLHU�HW�
DQDO\VHU�OHV�SULQFLSDOHV�VROXWLRQV�H[LVWDQWHV� 
 
5pIpUHQFHV � 
 
>�@7��$UDPSDW]LV��-��/\JHURV��DQG�6��0DQHVLV���������$�VXUYH\�RI�DSSOLFDWLRQV�RI�ZLUHOHVV�VHQVRUV�DQG�ZLUHOHVV�VHQVRU�

QHWZRUNV��,Q�,QWHOOLJHQW�&RQWURO��3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO�6\PSRVLXP�RQ��0HGLWHUUHDQ�&RQIHUHQFH�RQ�
&RQWURO�DQG�$XWRPDWLRQ��,(((��SS�����-���� 

>�@�0��5��$KPHG��;��+XDQJ��DQG�DO���������$�WD[RQRP\�RI�LQWHUQDO�DWWDFNV�LQ�ZLUHOHVV�VHQVRU�QHWZRUN��YRO�������SS����� 
�����1HWZRUNV��YRO�����QR����SS������-����� 
*�� 3DGPDYDWKL� DQG�'�� 6KDQPXJDSUL\D� �������$� VXUYH\� RI� DWWDFNV�� VHFXULW\�PHFKDQLVPV� DQG� FKDOOHQJHV� LQ�ZLUHOHVV�
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7LWUH ��0pWKRGHV�LQIRUPpHV�GH�IDFWRULVDWLRQ�PDWULFLHOOH�SRXU�O
pWDORQQDJH�DYHXJOH� 

G
XQ�UpVHDX�GH�FDSWHXUV�PRELOHV 

 
&OpPHQW�'RUIIHU��0DWWKLHX�3XLJW��*LOOHV�'HOPDLUH�HW�*LOOHV�5RXVVHO 

 
>/^/�͕�hŶŝǀĞƌƐŝƚĠ�ĚƵ�>ŝƩŽƌĂů��ƀƚĞ�ĚΖKƉĂůĞ 

 
 /
,QWHUQHW�GHV�2EMHWV��,R7�SRXU�,QWHUQHW�RI�7KLQJV�HQ�DQJODLV��pWHQG�LQWHUQHW�DX[�FKRVHV�HW�DX[�OLHX[�UpHOV���OHV�

REMHWV�FRQQHFWpV�SHXYHQW�DORUV�FRPPXQLTXHU�HQWUH�HX[�PDLV�DXVVL�DYHF�OHXUV�XWLOLVDWHXUV��8Q�LQWpUrW�GH�O
,R7�HVW�GH�SHU�
PHWWUH��L��OD�SURGXFWLRQ�G
XQH�JUDQGH�TXDQWLWp�G
LQIRUPDWLRQ��%LJ�'DWD��SDU�XQ�UpVHDX�GLVWULEXp�G
REMHWV�FRQQHFWpV�HW�HQ�
FRQVpTXHQFH��LL��XQH�PHLOOHXUH�DQDO\VH�GH�SKpQRPqQHV�SK\VLTXHV�RX�GH�FRPSRUWHPHQWV��3DUPL�OHV�PpWKRGHV�G
DFTXLVL�
WLRQ�GH�O
,R7��OH�PRELOH�FURZG-VHQVLQJ�IRXUQLW�GHV�GRQQpHV�GDWpHV�HW�JpR-ORFDOLVpHV��SURGXLWHV�SDU�XQH�IRXOH�GH�FDSWHXUV�
PRELOHV��LVVXV�GH�RX�FRQQHFWpV�j�GHV�VPDUWSKRQHV��HW� WUDQVPLVHV�j�XQ�VHUYHXU�YLD�XQ�UpVHDX�VDQV�ILO��GH�W\SH�:L)L�RX�
*60��/
H[SORLWDWLRQ�GHV�GRQQpHV�SURYHQDQW�GHV�FDSWHXUV�SRXU�O
,R7�QpFHVVLWH�OH�GpYHORSSHPHQW�GH�PpWKRGHV�VSpFLILTXHV�
GH� WUDLWHPHQW� GH� O
LQIRUPDWLRQ�SRXU�DPpOLRUHU� OD� FRQILDQFH� HQ� OHXU�TXDOLWp�� F
HVW-j-GLUH�� DYRLU�GHV� UpSRQVHV� FRKpUHQWHV�
HQWUH� OHV�FDSWHXUV� �pWDORQQDJH�DYHXJOH�GH�FDSWHXUV���GpWHFWHU� OHV�YDOHXUV�DEHUUDQWHV�RX� OHV�FDSWHXUV�GpIDLOODQWV��TXL�QH�
SHXW� SDV� rWUH� UpDOLVp�PDQXHOOHPHQW� HQ� ODERUDWRLUH�� 'DQV� FHWWH� SUpVHQWDWLRQ�� QRXV� SURSRVRQV� GH� UHYLVLWHU� OH� SUREOqPH�
G
pWDORQQDJH�DYHXJOH�GH�FDSWHXUV�HQYLURQQHPHQWDX[�FRPPH�XQ�SUREOqPH�LQIRUPp�GH�IDFWRULVDWLRQ�PDWULFLHOOH�j�GRQQpHV�
PDQTXDQWHV��R��OHV�IDFWHXUV�FRQWLHQQHQW�UHVSHFWLYHPHQW�OH�PRGqOH�G
pWDORQQDJH�IRQFWLRQ�GX�SKpQRPqQH�SK\VLTXH�REVHU�
Yp� �FH�PRGqOH�SHXW� rWUH� DIILQH��PXOWL-OLQpDLUH�� RX�QRQ-OLQpDLUH�� HW� OHV� SDUDPqWUHV�G
pWDORQQDJH�GH� FKDTXH� FDSWHXU��3DU�
DLOOHXUV�� GDQV� O
DSSOLFDWLRQ� GH� VXUYHLOODQFH� GH� OD� TXDOLWp� GH� O
DLU� TXH� QRXV� FRQVLGpURQV�� QRXV� VXSSRVRQV� DYRLU� j� QRWUH�
GLVSRVLWLRQ�GHV�PHVXUHV�WUqV�SUpFLVHV�PDLV�GLVWULEXpHV�GH�PDQLqUH�WUqV�SDUFLPRQLHXVH�GDQV�OH�WHPSV�HW�O
HVSDFH��TXH�QRXV�
FRXSORQV�DX[�PXOWLSOHV�PHVXUHV� LVVXHV�GH�FDSWHXUV�PRELOHV�SRXU� O
,R7��1RV�DSSURFKHV�VRQW�GLWHV� LQIRUPpHV�FDU��L�� OHV�
IDFWHXUV�PDWULFLHOV�VRQW�VWUXFWXUpV�SDU�OD�QDWXUH�GX�SUREOqPH���LL��OH�SKpQRPqQH�REVHUYp�SHXW�rWUH�GpFRPSRVp�VRXV�IRUPH�
SDUFLPRQLHXVH�GDQV�XQ�GLFWLRQQDLUH�FRQQX��HW� �LLL��QRXV�FRQQDLVVRQV� OD� IRQFWLRQ�G
pWDORQQDJH�PR\HQQH�GHV�FDSWHXUV�j�
pWDORQQHU��/HV�DSSURFKHV�SURSRVpHV�VRQW�SOXV�SHUIRUPDQWHV�TXH�GHV�PpWKRGHV�EDVpHV�VXU�OD�FRPSOpWLRQ�GH�OD�PDWULFH�GH�
GRQQpHV�REVHUYpHV�RX�OHV�WHFKQLTXHV�PXOWL-VDXWV�GH�OD�OLWWpUDWXUH��EDVpHV�VXU�GHV�UpJUHVVLRQV�UREXVWHV��(QILQ��OH�IRUPD�
OLVPH� LQIRUPp� GH� IDFWRULVDWLRQ�PDWULFLHOOH� QRXV� SHUPHW� DXVVL� GH� UHFRQVWUXLUH� XQH� FDUWH� ILQH� GX� SKpQRPqQH� SK\VLTXH�
REVHUYp� 
 
5pIpUHQFHV � 
 
>�@�&��'RUIIHU��0�� 3XLJW��*��'HOPDLUH�� *��5RXVVHO��%OLQG� FDOLEUDWLRQ� RI�PRELOH� VHQVRUV� XVLQJ� LQIRUPHG� QRQQHJDWLYH�

PDWUL[� IDFWRUL]DWLRQ�� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� /DWHQW� 9DULDEOH� $QDO\VLV� DQG� 6LJQDO�
6HSDUDWLRQ��/9$�,&$��������6SULQJHU� ,QWHUQDWLRQDO�3XEOLVKLQJ�6ZLW]HUODQG��YRO��/1&6�������SS�����-�����/LEH�
UHF��&]HFK�5HSXEOLF��$XJXVW���-��������� 

>�@�&��'RUIIHU��0��3XLJW��*��'HOPDLUH��*��5RXVVHO��%OLQG�PRELOH�VHQVRU�FDOLEUDWLRQ�XVLQJ�DQ�LQIRUPHG�QRQQHJDWLYH�PD�
WUL[� IDFWRUL]DWLRQ� ZLWK� D� UHOD[HG� UHQGH]YRXV� PRGHO�� 3URFHHGLQJV� RI� WKH� ��VW� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
$FRXVWLFV��6SHHFK��DQG�6LJQDO�3URFHVVLQJ��,&$663��������SS������-������6KDQJKDL��&KLQD��0DUFK���-��������� 

>�@� &�� 'RUIIHU�� 0�� 3XLJW�� *�� 'HOPDLUH�� *�� 5RXVVHO�� 1RQOLQHDU� PRELOH� VHQVRU� FDOLEUDWLRQ� XVLQJ� LQIRUPHG� VHPL-
QRQQHJDWLYH�PDWUL[�IDFWRUL]DWLRQ�ZLWK�D�9DQGHUPRQGH�IDFWRU��3URFHHGLQJV�RI�WKH��WK�,(((�6HQVRU�$UUD\�DQG�0XOWL�
FKDQQHO�6LJQDO�3URFHVVLQJ�:RUNVKRS��6$0��������5LR�GH�-DQHLUR��%UD]LO��-XO\���-��������� 

>�@�&��'RUIIHU��0��3XLJW��*��'HOPDLUH��*��5RXVVHO��)DVW�1RQQHJDWLYH�0DWUL[�)DFWRUL]DWLRQ�DQG�&RPSOHWLRQ�XVLQJ�1HVWH�
URY�,WHUDWLRQV��3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DWHQW�9DULDEOH�$QDO\VLV�DQG�6LJQDO�6HSDUDWLRQ�
�/9$�,&$��������*UHQREOH��)UDQFH��)HE������� 

>�@�&��'RUIIHU��0��3XLJW��*��'HOPDLUH��*��5RXVVHO��2XWOLHU-UREXVW�FDOLEUDWLRQ�PHWKRG�IRU�VHQVRU�QHWZRUNV��7R�DSSHDU�LQ�
WKH�3URFHHGLQJV�RI�WKH������,(((�,QWHUQDWLRQDO�:RUNVKRS�RI�(OHFWURQLFV��&RQWURO��0HDVXUHPHQW��6LJQDOV�DQG�WKHLU�
DSSOLFDWLRQ�WR�0HFKDWURQLFV��(&060���6DQ�6HEDVWLDQ��0D\���-��������� 
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+XE�/RFDWLRQ-5RXWLQJ�ZLWK�VXE-KXE�3UREOHP��D�91'6�EDVHG�VROYLQJ�DSSURDFK 
 

)iELR�)UDQFLVFR�GD�&RVWD�)RQWHV�����DQG�*LOOHV�*RQFDOYHV� 

 
��8QLY��$UWRLV��($������/DERUDWRLUH�GH�*pQLH�,QIRUPDWLTXH�HW�G¶$XWRPDWLTXH�GH�O¶$UWRLV��/*,�$�� 

%pWKXQH��)-�������)UDQFH 
 

��8QLYHUVLGDGH�)HGHUDO�5XUDO�GR�6HPL-ÈULGR��&HQWUR�GH�&LrQFLDV�([DWDV�H�1DWXUDLV 
&(3�������-�����0RVVRUy�51��%UD]LO 

 
 'HYHORSPHQW�RI�HIILFLHQW�QHWZRUN�VWUXFWXUHV�IRU� WUDQVSRUWDWLRQ�DQG�FRPPXQLFDWLRQ�LV�D�IXQGDPHQWDO�IDFWRU�LQ�
WKH�FXUUHQW�JOREDO�PDUNHW��,Q�>�@�LV�VDLG�WKDW�D�JRRG�WUDQVSRUWDWLRQ�SHUIRUPDQFH�LQ�WHUPV�RI�FRVWV�DQG�HPLVVLRQV�LV�VWULFWO\�
GHWHUPLQHG�E\�WKH�GHVLJQ�RI�WKH�QHWZRUN��PRUH�VSHFLILFDOO\��LWV�KXE�ORFDWLRQV��,Q�WKLV�ZRUN��KLHUDUFKLFDO�KXE-DQG-VSRNH�
QHWZRUNV�DUH�VWXGLHG��:H�IRFXV�RQ�FKDUDFWHULVWLFV�RI�IUHLJKW�QHWZRUNV��(FRQRP\�RI�VFDOH� LV�RIIHUHG�E\�KXE-DQG-VSRNH�
VWUXFWXUH� >�@��%XW�FXUUHQWO\�� WKH� OHYHO�RI�FXVWRPHU�H[SHFWDWLRQV� LV�QRW�RQO\�GULYHQ�E\� ORZ� WUDQVSRUW�FRVWV��EXW�DOVR�E\�
UHGXFHG�WUDYHO� WLPHV��UHGXFHG�&2��HPLVVLRQV�� ORZ�LQFLGHQFH�RI�GHOD\V�DQG�RI�GLVUXSWLRQV��RPLWWHG�QRGHV���7KHUHIRUH��
VKRUWHVW�SDWKV�QHHG�WR�EH�RIIHUHG�E\�WKH�QHWZRUN��,Q�WKLV�ZRUN��WUDQVSRUW�FRVWV�DUH�PLQLPL]HG�ERWK�E\�WKH�HFRQRP\�RI�
VFDOH�SURYLGHG�E\�WKH�KXE�QHWZRUN�DV�E\�WKH�VKRUWHVW�DOWHUQDWLYH�SDWKV�RIIHUHG�E\�VXE-KXE�ORFDWLRQV��,Q�D�KLHUDUFKLFDO�
VWUXFWXUH�ZLWK�WZR�OHYHOV��ZKHUH�WKH�ILUVW�OHYHO�LV�WKH�KXE�OHYHO�DQG�WKH�VHFRQG�RQH�LV�WKH�FOXVWHU�OHYHO��RQH�KXE�DQG�LWV�
DVVRFLDWHG�VSRNH�QRGHV���VXE-KXE�QRGHV�DUH�UHSUHVHQWHG�E\�QRGHV�DOORZLQJ�WKH�FRQQHFWLRQ�EHWZHHQ�WZR�FORVH�FOXVWHUV��,Q�
WKLV�UHVHDUFK��WKH�GHYHORSHG�PRGHOV�DUH�FRPSRVHG�RI�FLUFXODU�URXWHV�DW�FOXVWHU�OHYHO��$ERXW�KXE�OHYHO��PRGHOV�ZLWK�FLUFX�
ODU�URXWH�DQG�PRGHOV�ZLWK�GLUHFW�FRQQHFWLRQV�EHWZHHQ�KXEV�KDYH�EHHQ�LQYHVWLJDWHG��$�YDULDQW�RI�WKH�9DULDEOH�1HLJKERU�
KRRG�6HDUFK��916��LV�XVHG��,Q�WKH�91'6��WKH�RULJLQDO�SUREOHP�LV�GHFRPSRVHG�DQG�D�VPDOO�SUREOHP��D�SDUW�RI�RULJLQDO�
SUREOHP��LV�LPSURYHG�E\�ORFDO�VHDUFK�RSHUDWRUV�>�@��5HVXOWV�RI�FRPSXWDWLRQDO�WHVWV�DUH�SUHVHQWHG� 
 
5pIpUHQFHV � 
 
>�@ '��7UHQWHVDX[�HW�DO���³%HQFKPDUNLQJ�IOH[LEOH�MRE-VKRS�VFKHGXOLQJ�DQG�FRQWURO�V\VWHPV�´�&RQWURO�(QJ��3UDFW���YRO��

����QR�����SS������–������6HS������� 
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6WDQGDUGL]DWLRQ�RI�WKH�NQRZOHGJH�IRU�WR�OHDG�WKH�PDLQWHQDQFH�WRZDUGV�VXVWDLQDEOH�SHUIRU�
PDQFH 

 
3LUHV��6DQGUR�GH�3DXOD 

 
 ,QGXVWULDO�SURFHVVHV�DUH�FXUUHQWO\� LQ�D�SKDVH�RI�DGDSWDWLRQ�WR�D�QHZ�SURGXFWLYH�FRQWH[W�� VXVWDLQDEOH�GHYHORS�
PHQW��$IWHU�WKH�SHULRG�NQRZQ�DV�7KLUW\�*ORULRXV������-�������WKH�VHPLQDO�FRQFHSW�RI�VXVWDLQDELOLW\�DSSHDUV�LQ�WKH�&OXE�
RI�5RPH�LQ������ZLWK�D�FULWLTXH�RI�XQOLPLWHG�HFRQRPLF�JURZWK��7KH�5LR-���&RQIHUHQFH�HVWDEOLVKHG�WKUHH�VWUDWHJLF�D[HV�
IRU�VXVWDLQDEOH�GHYHORSPHQW��D�YLDEOH�HFRQRP\��D�UHVSRQVLEOH�VRFLHW\��DQG�UHVSHFW�IRU�WKH�HQYLURQPHQW� 
7KHVH�JXLGHOLQHV�ZHUH�HVWDEOLVKHG�LQ�WKH�LQGXVWULDO�HQYLURQPHQW�FRQWH[W��LQ�������RQ�WKH�FRQFHSW�RI�WKH�7ULSOH�%RWWRP�
/LQH� �7%/��� XQGHUSLQQLQJ� VXVWDLQDEOH�GHYHORSPHQW� LQ� WKUHH�GLPHQVLRQV�� HFRQRPLF�� HQYLURQPHQWDO� DQG� VRFLDO�� ,Q� WKLV�
SURGXFWLYH�FRQWH[W��WKH�LQGXVWULDO�PDLQWHQDQFH�KDV�DQ�HVVHQWLDO�UROH��VLQFH�WKH�KHDOWK�RI�PDFKLQHV�HTXLSPHQW�GHWHUPLQHV�
WKH�VXFFHVV�LQ�WKH�EDODQFH�EHWZHHQ�WKH�WKUHH�PHQWLRQHG�GLPHQVLRQV��+RZHYHU��KRZ�FDQ�PDLQWHQDQFH�DFWLRQV�EH�DOLJQHG�
ZLWK�D�FRPSDQ\
V�EXVLQHVV�VWUDWHJ\�DQG�GLVVHPLQDWH�LW�LQ�WKH�RUJDQL]DWLRQDO�HQYLURQPHQW" 
7R�VKRZ�KRZ�WKLV�REMHFWLYH�FDQ�EH�DFKLHYHG��D�PHWKRGRORJ\�EDVHG�RQ�D�FDVH�VWXG\�ZDV�HVWDEOLVKHG��7KH�ILUVW�VWHS�LV�WR�
OLQN�EHWZHHQ�PDLQWHQDQFH�ZLWK�WKH�VXVWDLQDELOLW\�LQGLFDWRUV��7KURXJK�D�VWUXFWXUHG�TXHVWLRQQDLUH��WKH�LQGLFDWRUV�DOUHDG\�
GHWHUPLQHG� LQ�D�0DLQWHQDQFH�0DQDJHPHQW�6\VWHP� �0DQXVLV�������ZLOO� EH� FRUUHODWHG�ZLWK� LQGLFDWRUV� IURP� WKH�*OREDO�
5HSRUWLQJ�,QLWLDWLYHV�JXLGHOLQHV��*5,���0DQ\�FRPSDQLHV�XVH�WKH�*5,�DV�D�VWDQGDUG�RI�VXVWDLQDELOLW\�UDSSRUW��,Q�RUGHU�WR�
ZRUN�ZLWK�WKHVH�GDWD��WKH�'(0$7(/�PHWKRG�ZLOO�HVWDEOLVK�D�UHOHYDQFH�UHODWLRQ�DPRQJ�WKH�LQGLFDWRUV��7KHQ��WKH�$+3�
PHWKRG�ZLOO�SULRULWL]H�WKHVH�LQGLFDWRUV� 
7KHQ��WKURXJK�VHPL-VWUXFWXUHG�LQWHUYLHZV��WKH�DVVRFLDWLYH�NQRZOHGJH�RI�PDLQWHQDQFH�DFWLRQV�ZLOO�EH�FDSWXUHG�ZLWK�WKH�
FRQFHSWV�RI�VXVWDLQDELOLW\��7KLV�NQRZOHGJH�ZLOO�EH�XVHG�DV�WKH�EDVLV�IRU�EXLOGLQJ�D�SOXJ-LQ�WR�EH�LQVHUWHG�LQWR�0DQXVLV�
���� 
)LUVW��WKLV�NQRZOHGJH�ZLOO�EH�VWUXFWXUHG�LQ�80/��7KLV�PRGHOLQJ�ZLOO�VHUYH�DV�D�EDVLV�IRU�WKH�RSHUDWLRQDO�FRQVWUXFWLRQ�RI�
WKH�SOXJ-LQ�DQG�IRU�WKH�QRUPDOL]DWLRQ�RI�NQRZOHGJH��7KLV�ZLOO�UHSUHVHQW�NQRZOHGJH�VWDQGDUG�EHWZHHQ�PDLQWHQDQFH�DQG�
VXVWDLQDELOLW\��RQ�WKH�RQWRORJLFDO�PRGHOLQJ�IRUP��7KH�FRQQHFWLRQ�EHWZHHQ�WKH�80/�VWDQGDUG�DQG�WKH�RQWRORJ\�ZLOO�EH�
GRQH�WKURXJK�WKH�/LJKWZHLJKW�2QWRORJ\�DSSURDFK��)RU�WKH�FRQVWUXFWLRQ�RI�WKH�RQWRORJ\��WKH�0HWKRQWRORJ\�PHWKRGRORJ\�
ZDV�FKRVHQ� 
$IWHU��WKURXJK�DQ�LWHUDWLYH�F\FOH�EHWZHHQ�WKH�80/�DQG�WKH�UHSUHVHQWDWLRQ�RQWRORJ\��WKH�ILQDO�UHVXOW�ZLOO�EH�WKH�SOXJ-LQ��
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