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5H]XPDW��/XFUDUHD�FXSULQGH�XQ�VWXGLX�UHIHULWRU�OD�LQWHUIH HOH�XWLOL]DWRU�DGDSWLYH�VHQVLELOH�OD�
QHFHVLW LOH� úL� SUHIHULQ HOH� XWLOL]DWRUXOXL�� LQVLVWkQGX�VH� DVXSUD� � SRVLELOLW LL� GH� FRPXQLFDUH�
SULQ� PLMORDFH� QDWXUDOH�� DQXPH� SULQ� JHVWXUL�� 6XQW� SUH]HQWDWH� DWkW� PHWRGH� VSHFLILFH� GH�
LQWHUSUHWDUH�D�JHVWXULORU��GLQ�GRPHQLXO�UHFXQRDúWHULL�GH�IRUPH�úL�DO�SURFHV ULL�GH�LPDJLQL��FkW�
úL�R�SRVLELOLWDWH�GH�LPSOHPHQWDUH�SULQ�LQWHUPHGLXO�PRGHOXOXL�RELHFWHORU�DFWLYH��$20���6XQW�
GLVFXWDWH� úL� DVSHFWH� OHJDWH� GH� SHUIRUPDQ D�� XUP ULQGX�VH� FD� YLWH]D� GH� H[HFX LH� V � ILH�
PLQLP ��
&XYLQWH�FKHLH�� JHVWXUL��LQWHUDF LXQH�QDWXUDO ��LQWHUIH H�DGDSWLYH���

���,1752'8&(5(�
/XFUDUHD� GH� ID � DUH� FD� RELHFWLY� VWXGLXO� SRVLELOLW LL� GH� UHDOL]DUH� D� XQRU� LQWHUIH H�
LQWHOLJHQWH�� DGDSWDELOH� OD� QHFHVLW LOH� úL� SUHIHULQ HOH� XWLOL]DWRUXOXL�� ED]DWH� SH� R��
FRPXQLFDUH�UDSLG �FX�DFHVWD��SULQ�PLMORDFH�QDWXUDOH���úL�DQXPH�SULQ�JHVWXUL��6H�YD�
UHDOL]D�� vQ�DFHVW� VHQV�� VWXGLXO�XQRU�PHWRGH�GHVWLQDWH� vQY ULL� úL� UHFXQRDúWHULL�JHV�
WXULORU�XPDQH��JHQHUDO�YDODELOH��GLQWUH�FDUH�VH�YD�DOHJH�R�PHWRG �DGHFYDW �FD]XOXL�
FRQFUHW�WUDWDW��6H�YD�IDFH�R�PDSDUH�D�FHORU�VWXGLDWH�vQ�GRPHQLXO�2ELHFWHORU�$FWLYH�
�$FWLYH� 2EMHFW� 0RGHOV� �$20��� F XWkQGX�VH� R� PRGHODUH� DGHFYDW � vQ� YHGHUHD�
LPSOHPHQW ULL�� 6H� YD� DERUGD�� GH� DVHPHQHD�� SUREOHPD� SHUIRUPDQ HL�� XUP ULQGX�VH�
UHDOL]DUHD�XQXL�VLVWHP�FDUH�V �IXQF LRQH]H�vQ�WLPS�UHDO��

��3UREOHPD�FRQFUHW �FDUH�VH�GRUHVWH�D� IL�DERUGDW �HVWH�XUP WRDUHD��GDW � ILLQG�R���
DSOLFD LH���FXP�DU�IL�FHD�GH�GH�UHGDUH�D�vQUHJLVWU ULORU�PXOWLPHGLD��PHGLD�SOD\HU����
VH� GRUHúWH� FRPDQGDUHD� DFHVWHLD� GH� F WUH� XWLOL]DWRU� SULQ� LQWHUPHGLXO� JHVWXULORU��
3UHVXSXQkQGX�VH� F � DSOLFD LD� EHQHILFLD] � úL� GH� R� LQWHUID � FODVLF �� vQY DUHD�
VHPQLILFD LHL� JHVWXULORU�� VSHFLILFH� ILHFDUXL� XWLOL]DWRU� vQ� SDUWH�� VH� YD� IDFH� SULQ�
DVRFLHUHD� IRUPHL� YL]XDOH� �VHQ]RULDOH�� D� JHVWXOXL� FX� DF LXQHD� FDUH� DU� IL� GHFODQúDW �
SULQ�DF LRQDUHD�HOHPHQWXOXL�GLQ�LQWHUID D�FODVLF ���H[��XWLOL]DWRUXO�IDFH�XQ�JHVW��DSRL�
DSDV �SH�EXWRQXO�GRULW����

��6LVWHPXO�FRQVWUXLW�YD�DYHD�XUP WRDUHOH�ID]H�VHPQLILFDWLYH���
�
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)LJXUD����7UDLHFWRULLOH�XQRU�JHVWXUL�I FXWH�FX�PkQD�

•� ID]D� GH� LGHQWLILFDUH� D� XWLOL]DWRUXOXL�� XWLOL]DWRUXO� YD� IL� LGHQWLILFDW�� FRQIRUP�
PRGXOXL�RELúQXLW��GXS �QXPH�úL�SDURO �

•� ID]D� GH� vQY DUH�� FDUH� YD� FRQVWD� GLQ� PHPRUDUHD� vQWU�R� ED] � GH� GDWH�� D�
DVRFLD LLORU� �LGHQWLILFDWRU� XWLOL]DWRU�� WUDLHFWRULH� JHVW�� GHQXPLUH� DF LXQH�
FRUHVSXQ] WRDUH���$FHDVW �ID] �VH�YD�GHFODQúD�SULQ�DF LRQDUHD�GH�F WUH�XWLOL]DWRU�
D� XQXL� EXWRQ� �,QYD �� �8WLOL]DWRUXO� DSDV � SH� EXWRQXO� �,QYD ��� IDFH� JHVWXO�
GRULW�úL��FRQFRPLWHQW��DSDV �SH�EXWRQXO�DVRFLDW�DFHOHL�DF LXQL�FDUH�VH�GRUHúWH�D�IL�
UHSUH]HQWDW �SULQ�JHVWXO�UHVSHFWLY��

•� ID]D� GH� LGHQWLILFDUH� JHVW�� FDUH� YD� FRQVWD� GLQ� LGHQWLILFDUHD� JHVWXOXL� I FXW� GH�
XWLOL]DWRU� vQ� ID D� FDPHUHL� úL� GHFODQúDUHD� DF LXQLL� FRUHVSXQ] WRDUH� DFHVWXL� JHVW��
DFHDVW �ID] �VH�YD�GHFODQúD�vQ�DEVHQ D�DF LRQ ULL�EXWRQXOXL��,QYD ��
$WkW�ID]D�GH�vQY DUH��FkW�úL�FHD�GH�LGHQWLILFDUH�JHVW��YRU�IL�SUHFHGDWH�GH�R�HWDS �

GH�SUHOXDUH�D�GDWHORU�GH�LQWUDUH�VXE�IRUPD�XQHL�VHFYHQ H�GH�LPDJLQL�úL�SUHOXFUDUH�D�
DFHVWRUD�� vQ� YHGHUHD� RE LQHULL� XQRU� WU V WXUL� FH� YRU� IL� IRORVLWH� vQ� FRQWLQXDUH�� vQ�
SURFHVXO� GH� vQY DUH�UHFXQRDúWHUH�5H]XOWDWXO� YD� IL� ILH� vQY DUHD� XQXL� QRX� JHVW� ��
PHPRUDUHD� vQ�ED]D�GH�GDWH�D�FRRUGRQDWHORU� WUDLHFWRULHL� úL�D�GHQXPLULL�DVRFLDWH��úL�
DILúDUHD�SH�HFUDQ�D�WUDLHFWRULHL�GHVFULVH��SHQWUX�FD�XWLOL]DWRUXO�V �SRDW �UHSHWD�JHVWXO�
vQ� PRG� LGHQWLF��� ILH� GHFODQúDUHD� XQHL� DF LXQL� �SOD\�� VWRS�� P UHúWH�PLFúRUHD] �
YROXPXO�DXGLR���FD�XUPDUH�D�JHVWXOXL�I FXW�GH�XWLOL]DWRU�vQ�ID D�FDPHUHL���
���&216,'(5$ ,,�7(25(7,&(�
����'HILQLUH�FRQFHSWH�
*HVW�

6H� YD� vQ HOHJH� SULQ� JHVW� RULFH� PLúFDUH� D� XWLOL]DWRUXOXL� �DEDWHUH� D� SR]L LHL�
FRUSXOXL��vQ�SDUWLFXODU�D�PkLQLL��GH�OD�SR]L LD�QRUPDO ��F UHLD�L�VH�DWULEXLH�R�DQXPLW �
VHPQLILFD LH� �FRPDQGD� FDUH� VH� GRUHúWH� D� IL� GDW � VLVWHPXOXL��� ÌQ� H[HPSOXO� WUDWDW��
DWHQ LD�VH�YD�IRFDOL]D�DVXSUD�PLúF ULL�PkLQLL��FRQVLGHUDW �D�IL�SODQ ��
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7UDLHFWRULH�DVRFLDW �XQXL�JHVW�
3ULQ� WUDLHFWRULH� DVRFLDW � XQXL� JHVW� YRP� vQ HOHJH� R� VXFFHVLXQH� GH� SHUHFKL� GH� FR�
RUGRQDWH� �[�\�� UHSUH]HQWkQG� SR]L LLOH� VXFFHVLYH� DOH� FHQWUXOXL�PkLQLL� XWLOL]DWRUXOXL��
SR]L LL� LGHQWLILFDWH� vQ� LPDJLQLOH� FRQVHFXWLYH� DOH� VHFYHQ HL� GH� LPDJLQL� SUHOXDWH� vQ�
WLPSXO�HIHFWX ULL�JHVWXOXL�GH�F WUH�XWLOL]DWRU��
,QWHUIH H�DGDSWLYH�
,QWHUIH HOH� DGDSWLYH� ��XVHU�WDLORUHG� HQYLURQPHQWV��� VXQW� DFHOH� LQWHUIH H� DOH�
DSOLFD LLORU� FH� VXQW� FDSDELOH� V �úL� PRGLILFH� PRGXO� GH� SUH]HQWDUH�� UHVSHFWLY�
IXQF LRQDOLW LOH�vQ�FRQIRUPLWDWH�FX�SUHIHULQ HOH�H[SULPDWH�GH�XWLOL]DWRU��GHFL�GRWDWH�
FX�FDSDFLWDWH�GH�vQY DUH���
,QWHUDF LXQH�QDWXUDO ���1DWXUDO�LQWHUDFWLRQ���
&RQFHSWXO� GH� �QDWXUDO� LQWHUDFWLRQ�� �LQWHUDF LXQH� QDWXUDO �� VH� UHIHU � OD� DFHOH�
LQWHUIH H� DGDSWLYH� FDUH� IDFLOLWHD] � LQWHUDF LXQHD� FX� XWLOL]DWRUXO� SULQ� PLMORDFH�
QDWXUDOH��SUHFXP�JHVWXULOH�VDX�YRUELUHD��
����&RQFHSWXO�GH�LQWHUDF LXQH�QDWXUDO ��3ULYLUH�JHQHUDO �
1RLOH�WHKQRORJLL�GH�UHDOL]DUH�D�LQWHUIH HORU�XWLOL]DWRU�WLQG�V �HOLPLQH�FRQYHQ LOH�WUD�
GL LRQDOH�DOH�FRPXQLF ULL�RP�FDOFXODWRU�úL�V �IDFLOLWH]H�R�LQWHUDF LXQH�QDWXUDO ��LQWX�
LWLY ��VSHFLILF�XPDQ ��6FRSXO�HVWH�DFHOD�GH�D�DWUDJH�XQ�QXP U�FkW�PDL�PDUH�GH�XWLOL�
]DWRUL�� DFHúWLD�QHDYkQG�QHYRLH�GH� FXQRúWLQ H� VXSOLPHQWDUH�SHQWUX�XWLOL]DUHD� FDOFX�
ODWRUXOXL�� SUHFXP� úL� GH� D� LQWHJUD� FDOFXODWRUXO� vQ� YLD D� FXUHQW �� GH� D� FRQVWUXL�
GLVSR]LWLYH� LQWHJUDWH� vQ� PHGLL� LQWHOLJHQWH� �H[�� FDPHU � LQWHOLJHQW � �� �LQWHOOLJHQW�
URRP���� $FHVWH� LQWHUIH H� LQWHOLJHQWH� YRU� WUHEXL� V � UHFXQRDVF � XWLOL]DWRUXO� úL� V � VH�
DGDSWH]H� FHULQ HORU� DFHVWXLD��0LMORDFHOH� GH� FRPXQLFDUH� WUHEXLH� V � ILH� FHOH� GRULWH��
SUHIHUkQGX�VH�FHOH�QRQ��:,03��:LQGRZV��,FRQV��0HQXV��3RLQWHUV���úL�DQXPH�FHOH�
ED]DWH�SH�YRUELUH��JHVWXUL��H[SUHVLH�IDFLDO ��VFULHUH�PDQXDO �>�@���

&RQFHSWXO� GH� LQWHUDF LXQH� PXOWLPRGDO �� IRDUWH� YHKLFXODW� vQ� FRQWH[WXO�
LQWHUDF LXQLL� QDWXUDOH� �QDWXUDO� LQWHUDFWLRQ�� VH� UHIHU � OD� IRORVLUHD� VLPXOWDQ � D� PDL�
PXOWRU�PRGDOLW L�GH�FRPXQLFDUH�FX�XWLOL]DWRUXO���DWkW�GLQWUH�FHOH�WUDGL LRQDOH��FkW�úL�
GLQWUH�FHOH�QDWXUDOH���GH�H[��DWkW�YRUELUH��FkW�úL�JHVWXUL��FkW�úL�H[SUHVLH�IDFLDO ��>�@��
>�@��

'LQFROR� GH� PRGXO� FODVLF� GH� LQWHUDF LXQH� RP�FDOFXODWRU�� H[LVW � VLWXD LL� vQ� FDUH�
FDOFXODWRUXO�MRDF �UROXO�XQXL�LQWHUPHGLDU�vQ�FRPXQLFDUHD�LQWHUXPDQ �>�@��FXP�DU�IL���

)LJXUD����([HPSOX�GH�LQWHUDFWLXQH�PXOWLPRGDOD���3XQH�
DVWD�DFROR����*HVWXUL�VL�9RUELUH�
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GH�H[HPSOX��FRPXQLFDUHD�OD�GLVWDQ �GLQWUH�GRL�VXELHF L�XPDQL��6H�GRUHVWH��vQ�DFHVW�
FRQWH[W��UHDOL]DUHD�XQXL�FDOFXODWRU��WUDQVSDUHQW����LQYL]LELO�����7KH�7UDQVSDUHQW��
,QYLVLEOH�&RPSXWHU�����$FHVW�OXFUX�VH�IDFH�WRW�SULQ�LQWHUPHGLXO�LQWHUIH HORU�DGDSWLYH��
ED]DWH� SH�PLMORDFH� QDWXUDOH� GH� FRPXQLFDUH�� 1RXO� FDOFXODWRU� �LQYL]LELO��� SH� OkQJ �
FDOLWDWHD� GH� D� IL� FRQúWLHQW� GH� FRQWH[W� úL� DGDSWDELO� OD� DFHVWD�� YD� WUHEXL� V � ILH� PDL�
GHJUDE �SURDFWLY�GHFkW�FRQGXV�GH�FRPHQ]LOH�XWLOL]DWRUXOXL��FDOFXODWRUXO�YD�WUHEXL�V �
VH�DGDSWH]H�OD�RP��QX�LQYHUV��&HOH�PDL�UHSUH]HQWDWLYH�DSOLFD LL�FDUH�LPSOHPHQWHD] �
HOHPHQWH� DOH� FRQFHSWXOXL� �LQWHUDF LXQH� QDWXUDO �� VXQW� FHOH� GH� WLSXO� FDPHU �
LQWHOLJHQW � �� �VPDUW� URRP���� FDPHUH� FDUH� VH� DGDSWHD] � QHYRLORU� XWLOL]DWRUXOXL�
GLVSXQkQG�GH�IDFLOLW L�SUHFXP�UHJODUHD�DXWRPDW �D�WHPSHUDWXULL�VDX�OXPLQLL��VDX�GH�
SRVLELOLWDWHD�GH�D�FRPDQGD�SULQ�JHVWXUL�IXQF LRQDUHD�GLVSR]LWLYHORU�GLQ�FDPHU �>�@��
����0HWRGH�DGHFYDWH�vQY ULL�úL�LQWHUSUHW ULL�JHVWXULORU�XWLOL]DWRU�
([LVW �GRX �PRGDOLW L�GH�D�FDSWD�JHVWXULOH�XWLOL]DWRU��
•� 3ULQ�VHQ]RUL��
•� 3ULQ�LQWHUPHGLXO�FDPHUHL�YLGHR�

&DPHUD�YLGHR�OLPLWHD] �]RQD�GH�PLúFDUH�D�XWLOL]DWRUXOXL��PRWLY�GLQ�FDUH��XQHRUL��
VH�SUHIHU �IRORVLUHD�WHKQLFLORU�ED]DWH�SH�VHQ]RUL��

&HOH� PDL� U VSkQGLWH� PHWRGH� GHVWLQDWH� LQY ULL� úL� UHFXQRDúWHULL� JHVWXULORU� VH�
UHIHU �DWkW�OD�VLWXD LLOH�GH�SUHOXDUH�D�JHVWXULORU�SULQ�LQWHUPHGLXO�VHQ]RULORU�VXE�IRUP �
GH�VHPQDOH��FkW�úL�OD�FHOH�vQ�FDUH�JHVWXULOH�VH�SUHLDX�SULQ�LQWHUPHGLXO�FDPHUHL�YLGHR��

0HWRGHOH�FHOH�PDL�GHV�XWLOL]DWH�VXQW�FHOH�ED]DWH�SH�ORJLFD�)X]]\�>�@��FHOH�ED]DWH�
SH�ODQ XUL�0DUNRY�DVFXQVH�>�@��UHVSHFWLY�FHOH�ED]DWH�SH�SRWULYLUH�GH�FRQWXU�>�@��
����0HWRGD�SURSXV �
ÌQ� >�@�DXWRULL�SUH]LQW �R�PHWRG �GH� UHFXQRDúWHUH�D�JHVWXULORU�FRPSOH[H��ED]DWH�SH�
DQDOL]D�PLúF ULORU� vQWUHJXOXL� FRUS� �� D� VLOXHWHORU���5HFXQRDúWHUHD� VH� IDFH�SULQ� FRQ�
VWUXLUHD�D�GRX �VHPQ WXUL�XQLGLPHQVLRQDOH���SHQWUX�YDORULOH�FHORU�GRX �FRRUGRQDWH�
SRODUH� �úL� ��SHQWUX�ILHFDUH�GLQ� LPDJLQLOH�GLQWU�R�VHFYHQ �GH�SR]L LL�FH�FDUDFWHUL�
]HD] �XQ�DQXPLW�JHVW��'LQ�DFHVWH�VHPQ WXUL�VH�FRQVWUXLHúWH�R�QRX �LPDJLQH�FDUDFWH�
ULVWLF �PLúF ULL�UHVSHFWLYH��3HQWUX�D�UHGXFH�QXP UXO�LPDJLQLORU�GH�DFHVW�WLS�RE LQXWH�
GLQ�VHWXO�GH�DQWUHQDPHQW��VH�IRORVHúWH�PHWRGD�.DUKXQHQ�/RHYH��3&$�����

2� PHWRG � PDL� VLPSO �� UDSLG �� DGHFYDW � PXOWRU� VLWXD LL� SUDFWLFH�� HVWH� FHD� GH�
GHWHF LH�D�FHQWUXOXL�PkLQLL��FRQVWUXLUHD�WUDLHFWRULHL�GHVFULVH�GH�DFHVW�SXQFW�SHQWUX�XQ�
DQXPLW�JHVW�VXE�IRUPD�XQXL�FRQWXU��DSRL�UHFXQRDúWHUHD�JHVWXULORU�SULQ�SRWULYLUH�GH�
FRQWXUXUL��,Q�FD]XO�SDUWLFXODU�OXDW�vQ�FRQVLGHUDUH��ED]DW�SH�UHFXQRDúWHUHD�JHVWXULORU�
PDQXDOH��VH�YD�RSWD�SHQWUX�R�PHWRG �ED]DW �SH�SRWULYLUH�GH�FRQWXU�FDUH�V � LQ �FRQW�
úL� GH� PRGXO� GH� SDUFXUJHUH� D� WUDLHFWRULHL� DVRFLDWH� JHVWXOXL�� QX� GRDU� GH� IRUPD�
FRQWXUXOXL� GHVFULV�� 3HQWUX� H[HPSOLILFDUH�� VH� YD� DOHJH� PHWRGD� ED]DW � SH� FDOFXOXO�
GLVWDQ HL�HXFOLGLHQH�vQWUH�VHPQ WXUL��VHPQ WXULOH�ILLQG�IRUPDWH�GLQ�FRRUGRQDWHOH�[L��
\L�DOH�WUDLHFWRULHL��3HQWUX�UHGXFHUHD�VSD LXOXL�WU V WXULORU�GH�OD�GRL�YHFWRUL��;�úL�<��OD�
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XQ� VLQJXU� YHFWRU�� VH� SRDWH� XWLOL]D� DQDOL]D� FRPSRQHQWHORU� SULQFLSDOH� �3ULQFLSDO�
&RPSRQHQW� $QDO\VLV�3&$� ��� 3HQWUX� F � GLVFULPLQDUHD� GRDU� vQ� IXQF LH� GH� GLVWDQ ��
SRDWH� IL�� XQHRUL�� LQVXILFLHQW �� VH� YD� OXD� vQ� FRQVLGHUDUH� úL� IUHFYHQ D� FX� FDUH�
XWLOL]DWRUXO�HIHFWXHD] �XQ�DQXPLW�JHVW���
���3$57,&8/$5,=$5(�/$�02'(/(/(�&8�2%,(&7(�$&7,9(�
6H� GRUHúWH� FRQVWUXLUHD� XQXL� PRGHO� FDUH� V � SHUPLW � vQY DUHD�� SHQWUX� ILHFDUH�
XWLOL]DWRU�vQ�SDUWH��D�JHVWXULORU�VSHFLILFH�GLIHULWHORU�DF LXQL�SRVLELOH�SHQWUX�DSOLFD LD�
PHGLD�SOD\HU��6LVWHPXO�HVWH�SUHY ]XW�FX�GRX �RS LXQL��XQD�GH�vQY DUH��DWXQFL�FkQG�
VH� GRUHúWH� vQY DUHD� JHVWXULORU� XWLOL]DWRU� �� IDSW� FDUH� SRDWH� IL� VSHFLILFDW� SULQ�
LQWHUPHGLXO�XQXL�EXWRQ���OHDUQ���vQYD ���UHVSHFWLY�XQD�GH�UHFXQRDúWHUH��DWXQFL�FkQG�
VH�GRUHúWH�LGHQWLILFDUHD�VHPQLILFD LHL�JHVWXOXL�úL�H[HFX LD�DF LXQLL�FRUHVSXQ] WRDUH���

(VWH� QHYRLH� GH� FRPXQLFDUHD� FX� R� ED] � GH� GDWH�� SHQWUX� VWRFDUHD� PRGHOXOXL�
ILHF UXL�XWLOL]DWRU��6XQW�QHFHVDUH�WUHL�WLSXUL�GH�DFWLXQL��SUHOXDUHD�GDWHORU�GH�LQWUDUH��
SUHOXDUHD� VHFYHQ HL� GH� LPDJLQL� úL� H[WUDJHUHD� WU V WXULORU� FDUH� QH� LQWHUHVHD] �� vQ�
FD]XO� QRVWUX� FRRUGRQDWHOH� �[�\�� DOH� WUDLHFWRULHL� GHVFULVH� PDQXDO�� FRQVWUXLUHD�
PRGHOXOXL� ILHF UXL� XWLOL]DWRU� �� LGHQWLILFDUHD� XWLOL]DWRUXOXL�� vQY DUHD� JHVWXULORU�
SHQWUX� ILHFDUH� XWLOL]DWRU� vQ� SDUWH�� vVHPQkQG� DVRFLHUHD� YHFWRUXOXL� GH� WU V WXUL� FX�
QXPHOH� DF LXQLL� UHVSHFWLYH�� GH� DVHPHQHD�� UHFXQRDúWHUHD� �LGHQWLILFDUHD�� JHVWXOXL� vQ�
IXQF LH� GH� YHFWRUXO� GH� WU V WXUL�� FRQWUROXO� DSOLFD LHL� �� GHFODQúDUHD� DF LXQLL�
FRUHVSXQ] WRDUH�JHVWXOXL�LGHQWLILFDW���
����'HILQLUHD�RELHFWHORU�DFWLYH�úL�D�UHOD LLORU�GLQWUH�DFHVWHD�
0RGHODUHD� LQWHUIH HL� DGDSWLYH� FDUH� vQYD � JHVWXULOH� XWLOL]DWRUXOXL�� VH� SRDWH� UHDOL]D�
SULQ�LQWHUPHGLXO�D�WUHL�DVHPHQHD�RELHFWH�DFWLYH�FX�URO�GH�DJHQW��FDUH�V �FRPXQLFH�
FX�GLVSR]LWLYXO�GH�LQWUDUH�SHQWUX�LPDJLQL��FDPHU ���SULQ�LQWHUPHGLXO�XQHL�LQWHUIH H��
VDX�V �DF LRQH]H�DVXSUD�XQRU�DOWH�RELHFWH��FXP�VXQW�ED]D�GH�GDWH��UHVSHFWLY�DSOLFD LD�
PHGLD�SOD\HU����

•� XQ�RELHFW�,QSXW3URFHVVRU��FDUH�V �SUHLD�GDWHOH�GH�LQWUDUH�úL�V �LQWHUSUHWH]H�
DFHVWH� GDWH�� IXUQL]kQG� XQ� YHFWRU� GH� WU V WXUL� �FRRUGRQDWHOH� �;�<�� DOH�
WUDLHFWRULHL���

•� XQ�RELHFW�FDUH�V �FRQWUROH]H�XWLOL]DWRUXO��V �O�LGHQWLILFH��V �FRQVWUXLDVF �XQ�
PRGHO�DGHFYDW�DFHVWXLD�vQ�ID]D�GH�vQY DUH��UHVSHFWLY�V �UHWXUQH]H�PRGHOXO�
DGHFYDW��GHMD�H[LVWHQW��8VHU6XSHUYLVRU���

•� XQ� RELHFW� $SSOLFDWLRQ6XSHUYLVRU�� FDUH� V � GHFODQúH]H� DF LXQHD� FRUHVSXQ�
] WRDUH�JHVWXOXL�LGHQWLILFDW��SUHGkQG�FRQWUROXO�DSOLFD LHL��

2ELHFWXO�,QSXW3URFHVVRU�
5ROXO�RELHFWXOXL�,QSXW3URFHVVRU�HVWH�DFHOD�GH�SUHOXDUH�D�GDWHORU�GH�LQSXW��R�VHFYHQ�
�GH�LPDJLQL���SUHOXFDUHD�DFHVWRUD�VL�H[WUDJHUHD�WU V WXULORU���D�WUDLHFWRULHL�GHVFULVH�

GH� FHQWUXO� PkLQLL�� VXE� IRUPD� XQHL� VHFYHQ H� GH� FRRUGRQDWH�� &RPSRUWDPHQWXO�
RELHFWXOXL�� GDW� GH� WUDLHFWRULD� DVRFLDW �� HVWH� GHVFULV� GH� XUP WRULL� SDúL� �PHWRGD�
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*HVWXUH)HDWXUHV��� ���� SUHOXDUHD� VHFYHQ HL� GH� LPDJLQL�� ���� GHWHF LD� PkLQLL� vQ�
ILHFDUH� LPDJLQH� úL� ORFDOL]DUHD� FHQWUXOXL� DFHVWHLD�� ���� PHPRUDUHD� VHFYHQ HL� GH�
FRRUGRQDWH��;�<��FRUHVSXQ] WRDUH�WUDLHFWRULHL�GHVFULVH�GH�PkQ ���

�

��
�2ELHFWXO�8VHU6XSHUYLVRU�
,GHQWLILFDUHD�XWLOL]DWRUXOXL�VH�YD�IDFH��vQ�FD]XO�GH�IDWD��GXS �QXPHOH�GH�XWLOL]DWRU�úL�
SDURO ���

ÌQY DUHD�VH�YD�UHDOL]D�vQ�IHOXO�XUP WRU��VH�YD�vQVFULH�vQ�ED]D�GH�GDWH�DVRFLD LD�
IRUPDW � GLQ� LGHQWLILFDWRUXO� GH� XWLOL]DWRU�� FRRUGRQDWHOH� �;�<�� DOH� WUDLHFWRULHL�
FRUHVSXQ] WRDUH� JHVWXOXL�� UHVSHFWLY� QXPHOH� DVRFLDW� JHVWXOXL�� GHGXV� GLQ� DF LXQHD�
XWLOL]DWRUXOXL�DVXSUD�HOHPHQWHORU�LQWHUIH HL�FODVLFH��

5HFXQRDúWHUHD�VH�YD�UHDOL]D�vQ�IHOXO�XUP WRU��VH�H[WUDJ�GLQ�ED]D�GH�GDWH�YHFWRULL�
GH�FRRUGRQDWH�FRUHVSXQ] WRUL�JHVWXULORU�vQY DWH��vPSUHXQ �FX�GHQXPLUHD�DVRFLDW ��
vQ� VWUXFWXUD� YHFWBWU V WXUL�� SHQWUX� ILHFDUH� JHVW� GLQ� VWUXFWXUD� YHFWBWU V WXUL�� VH�
FDOFXOHD] � GLVWDQ D� GLQWUH� YHFWRUXO� GH� FRRUGRQDWH� DOH� JHVWXOXL� GHMD� vQY DW� úL�
YHFWRUXO� GH� FRRUGRQDWH� SUHOXDW� GH� OD� LQWUDUH�� GDF � GLVWDQ D� HVWH� PLQLP �� VH�
LQVWDQ LD] � DWULEXWXO� GHQXPLUHBJHVW� FX� QXPHOH� FRUHVSXQ] WRU� GLQ� VWUXFWXUD�
YHFWBWU V WXUL����GDF �H[LVW �PDL�PXOWH�JHVWXUL�SHQWUX�FDUH�GLVWDQ D�HVWH�PLQLP ��VH�
GLIHUHQ LD] �vQ�IXQF LH�GH�IUHFYHQ D�GH�UHDOL]DUH�D�XQXL�JHVW��

)LJXUD����'LDJUDPD�RELHFWHORU�DFWLYH�
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2ELHFWXO�$SSOLFDWLRQ6XSHUYLVRU�
2ELHFWXO�$SSOLFDWLRQ6XSHUYLVRU� FRQ LQH�� OD� UkQGXO� V X�� XQ�DWULEXW� LGBDF LXQH�� ÌQ�
IXQF LH� GH� YDORDUHD� DFHVWXL� DWULEXW�� RELHFWXO� $SOLFDWLRQ6XSHUYLVRU� GHFODQúHD] �
H[HFX LD�DF LXQLL�FRUHVSXQ] WRDUH��SUHGkQG�FRQWUROXO�DSOLFD LHL���
&RPXQLFDUHD�vQWUH�RELHFWH�
2ELHFWXO� ,QSXW3URFHVVRU� WUHEXLH� V � FRPXQLFH� RELHFWXOXL� $SSOLFDWLRQ6XSHUYLVRU�
WU V WXULOH�H[WUDVH�YHFWRULL�GH�FRRUGRQDWH�;�úL�<���,QWU�XQ�PRGHO�RELúQXLW���RULHQWDW�
SH�RELHFWH��DFHVW�OXFUX�VH�UHDOL]HD] �SULQ�GHOHJDUH��
6WUXFWXUD�ED]HL�GH�GDWH�
6LVWHPXO�WUHEXLH�V �FRPXQLFH�FX�R�ED] �GH�GDWH�UHOD LRQDO �VDX�FX�XQ�ILúLHU�DIODW�SH�
GLVF� FDUH� V � FRQ LQ � XUP WRDUHOH� FRUHVSRQGHQ H�� ��� ,GHQWLILFDWRU� XWLOL]DWRU�� 1XPH�
XWLOL]DWRU�� 3DURO � �GDWH� GH� LGHQWLILFDUH��� ��� ,GHQWLILFDWRU� XWOL]DWRU�� 'HQXPLUH�
DF LXQH��&RRUGRQDWH�YL]XDOH�DOH�JHVWXOXL��WU V WXUL���)UHFYHQ D�JHVWXOXL��

���

)LJXUD����6WUXFWXUD�ED]HL�GH�GDWH�
���3$57,&8/$5,=$5(�/$�02'(/8/�$20��$&7,9(�2%-(&7�
02'(/��>�@��
,QWHUID D� DGDSWLY �� FDSDELO � GH� D� vQY D� úL� LGHQWLILFD� JHVWXUL� SHQWUX� ILHFDUH� GLQWUH�
XWLOL]DWRUL��VH�YD�LPSOHPHQWD�LQ�$20�>�@�SULQ�LQWHUPHGLXO�FHORU�WUHL�RELHFWH�DFWLYH��
GHVFULVH� vQ� SDUDJUDIXO� SUHFHGHQW�� &RPXQLFDUHD� vQWUH� RELHFWH� QX� VH� YD� IDFH� SULQ�
GHOHJDUH�� FL� SULQ� PHFDQLVPXO� GH� ERXQGLQJ� VSHFLILF� $20�� FHHD� FH� GXFH� OD�
HOLPLQDUHD�� GLQ� FDGUXO� RELHFWXOXL� 8VHU6XSHUYLVRU� D� UHIHULQ HL� OD� RELHFWXO�
,QSXW3URFHVVRU�� $WULEXWXO� �WU V WXUL��� DO� RELHFWXOXL� $SSOLFDWLRQ6XSHUYLVRU�� YD� IL�
OHJDW� GH� DWULEXWXO� �WU V WXUL�� DO� RELHFWXOXL�8VHU6XSHUYLVRU� SULQWU�XQ�PHFDQLVP� GH�
WLS�ERXQG�IURP�>�@��'H�DVHPHQHD��DWULEXWXO�LGBDF LXQH�DO�RELHFWXOXL�8VHU6XSHUYLVRU�
YD� IL� OHJDW� GH� DWULEXWXO� LGBDF LXQH� DO� RELHFWXOXL�$SSOLFDWLRQ6XSHUYLVRU� SULQWU�XQ�
PHFDQLVP� GH� WLS� ERXQG� WR� >�@�� *HVWXO� YD� IL� UHSUH]HQWDW� SULQ� WUDLHFWRULD�
FRUHVSXQ] WRDUH� DFHVWXLD� �� FDUH� VH� YD� LPSOHPHQWD� SULQ� LQWHUPHGLXO� XQXL� YHFWRU�
FRQ LQkQG� SHUHFKL� GH� FRRUGRQDWH� �;�<��� UHVSHFWLY� SULQ� QXPHOH� DF LXQLL� DVRFLDWH�
JHVWXOXL�� FDUH� VH� YD� LPSOHPHQWD� VXE� IRUPD� XQXL� VWULQJ� �0RGHODUHD� YHFWRULORU� �D�
YHFWRULORU� GH� WU V WXUL� úL� D� LPDJLQLL�� VH� YD� IDFH� IRORVLQG� SULPXO�PRGHO� SURSXV� vQ�
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DFHVW�VHQV�vQ�>�@��/XFUkQGX�VH�FX�GDWH�GH�GLPHQVLXQL�QHFXQRVFXWH�D�SULRUL��PHWRGD�
RSWLP �HVWH�DFHHD�GH�D�IRORVL�R�DORFDUH�GLQDPLF �D�DFHVWRU�YHFWRUL��,PDJLQHD�VH�YD�
UHSUH]HQWD� FD� R� PDWULFH� ELGLPHQVLRQDO � GH� YDORUL� GH� LQWHQVLWDWH� �FXORDUH��� LDU�
YHFWRULL� GH� WU V WXUL� VH� YRU� UHSUH]HQWD� SULQ� WDEORXUL� XQLGLPHQVLRQDOH�� DYkQG� FD�
HOHPHQWH�SHUHFKL�GH�FRRUGRQDWH��;�<���3HQWUX�F �YHFWRULL�VXQW�PDUL�FRQVXPDWRUL�GH�
UHVXUVH� vQ� PRGHOXO� $20�� VH� YD� H[SXQH�� vQ� SDUDJUDIXO� �&RQVLGHUD LL� WHKQLFH� úL�
WHKQRORJLFH���R�PRGDOLWDWH�GH�D�OXFUD�GRDU�FX�GDWH�VFDODUH��5HIHULQ D�OD�ED]D�GH�GDWH�
DU� FRUHVSXQGH� XQXL� RELHFW� DFWLY� GLVWLQFW�� FDSDELO� GH� D� VH� FRQHFWD� OD� ED]D� GH� GDWH�
H[LVWHQW � SH� GLVF� úL� GH� D� H[WUDJH� GDWHOH� GLQ� DFHDVWD�� LQVWDQ LLQG� SURSULLOH� VDOH�
DWULEXWH�� 7RWXúL�� SHQWUX� F � XQ� RELHFW� DFWLY� HVWH� IRDUWH� FRVWLVLWRU� GLQ� SXQFWXO� GH�
YHGHUH� DO� PHPRULHL�� VH� SUHIHU � UHSUH]HQWDUHD� ED]HL� GH� GDWH� vQ� $20� SULQ�
LQWHUPHGLXO�XQXL�FRPSRUWDPHQW���

�
Behaviour BuserS{ 

Parameter username{string;}; 

Parameter passw{string;}; 

Parameter gesture_features{vector;}; 

Trajectory TuserS{ 

Trjposition P1{ 

 Type PRECOND  

 Expression{username!=NULL && passw!=NULL}  

  Rule R1{  

 Condition C1 { bhv_identificare(username,  

passw)== FALSE } 

    Action A1   { user_id=0; 

    Jump trjposition P5 }; 

                   }; 

                }; 

. . . . . . . . . . . . 

 };}; 

)LJXUD����'HVFULHUHD�WUDLHFWRULHL�RELHFWXOXL�8VHU6XSHUYLVRU���ID]D�GH�LGHQWLILFDUH�D�XWLOL]DWRUXOXL�
�$*0/��&RPSRUWDPHQWXO� JHQHUDO� DO� VLVWHPXOXL� YD� IL� GHVFULV� SULQ� LQWHUPHGLXO�

FRPSRUWDPHQWXO� LQGLYLGXDO� DO� ILHF UXL� RELHFW� vQ� SDUWH� úL� GH� FRPXQLFDUHD� GLQWUH�
DFHVWH�RELHFWH�>�@��
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0HWRGHOH� PDL� FRPSOH[H� DOH� RELHFWHORU� YRU� DYHD� XQ� FRPSRUWDPHQW�� GHFL� R�
WUDLHFWRULH�SURSULH��,PSOHPHQWDUHD�VH�YD�IDFH�vQ�OLPEDMXO�DVRFLDW�PRGHOXOXL�$20��
$*0/��$JHQW�0RGHOOLQJ�/DQJXDJH���
����&RQVLGHUD LL�WHKQRORJLFH�úL�WHKQLFH�GH�UHDOL]DUH��3HUIRUPDQ �
3HQWUX� D� HYLWD� OXFUXO� FX� YHFWRUL�� FDUH� HVWH� FRVWLVLWRU� vQ� $20�� VH� YD� vQFHUFD�
HOLPLQDUHD�YHFWRULORU�GH�WU V WXUL�úL�OXFUXO�FX�YDORUL�VFDODUH��

ÌQ� ORF� GH� DWULEXWHOH� YHFWRUBWU V WXUL�� DOH� RELHFWHORU� ,QSXW3URFHVVRU� úL�
8VHU6XSHUYLVRU��VH�YRU�IRORVL�GRX �YDORUL�VFDODUH��SULPLWLYH��GH�WLS�vQWUHJ��[�úL�\���
UHSUH]HQWkQG�FRRUGRQDWHOH�XQXL�SXQFW�GH�SH�WUDLHFWRULD�FDUH�UHSUH]LQW �JHVWXO��$FHVW�
OXFUX� LPSOLF � IXQF LRQDUHD� DOWHUQDWLY � D� FHORU� GRXD� RELHFWH� ±� SH� GRXD� WKUHDG�XUL�
VHSDUDWH�� FX� QHFHVLWDWHD� VLQFURQL] ULL� vQWUH� DFHVWHD�� RELHFWXO� 8VHU6XSHUYLVRU�
SUHOXFUHD] � SHUHFKHD� �[�\�� IXUQL]DW � GH� F WUH� RELHFWXO� ,QSXW3URFHVVRU�� DúWHSWkQG�
DSRL�IXUQL]DUHD�XQHL�QRL�SHUHFKL��)XQF LRQDUHD�V�DU�SXWHD�IDFH�vQ�PDQLHU �SLSHOLQH�
�H[WUDJHUHD�FRRUGRQDWHORU�FHQWUXOXL�SHQWUX�R�SR]L LH�XOWHULRDU �D�PkLQLL�±�GH�F WUH�
RELHFWXO�,QSXW3URFHVVRU��V �FRLQFLG ��vQ�WLPS��FX�SUHOXFUDUHD�FRRUGRQDWHORU�SHQWUX�
SR]L LD� SUHFHGHQW �� GH� F WUH� RELHFWXO� $SSOLFDWLRQ6XSHUYLVRU��� 3HQWUX� F � SULPD�
RSHUD LH�HVWH�PXOW�PDL�FRVWLVLWRDUH�FD�WLPS�GH�SUHOXFUDUH�GHFkW�D�GRXD��HVWH�QHFHVDU �
LPSOHPHQWDUHD�XQHL�PRGDOLW L�GH�VLQFURQL]DUH�vQWUH�RELHFWH���

3HQWUX� D� UHGXFH� VSD LXO� GH�PHPRULH� H[WHUQ � �GLVF�� RFXSDW� GH� ED]D� GH� GDWH� úL�
SHQWUX� D� P UL� YLWH]D� GH� OXFUX�� VROX LD� DU� IL� HYLWDUHD� FRPXQLF ULL� FX� GLVFXO�� GHFL�
LQIRUPD LLOH� OHJDWH� GH� XWLOL]DWRUL� V � VH� S VWUH]H� vQ� FRG� �� ILLQG� GHFL� QHFHVDU �
LPSOHPHQWDUHD�GH�FRG�GLQDPLF���
��&216,'(5$ ,,�&5,7,&(�
6LVWHPXO�UHDOL]HD] �XUP ULUHD�úL�UHFXQRDúWHUHD�JHVWXULORU�HIHFWXDWH�FX�PRXVH�XO�GH�
F WUH�XWLOL]DWRU�vQ�IHUHDVWUD�,QWHUQHW�([SORUHU��H[HPSOX���GUDJJLQJ��WUDJHUH��vQ�MRV�
�VSUH� SDUWHD� LQIHULRDU � D� HFUDQXOXL�� SH� XQ� OLQN� �UHIHULQ �� vQVHDPQ � FHUHUH� GH�
GHVFKLGHUH� D� SDJLQLL� UHIHULWH� vQWU�R� IHUHDVWU � QRX �� $SOLFD LD� HVWH� GH]YROWDW � vQ�
PHGLXO�9LVXDO�6WXGLR�� vQ�OLPEDMXO�9LVXDO�&����$SOLFD LD�6S\��GLQ�SDFKHWXO�9LVXDO�
6WXGLR� V�D� GRYHGLW� D� IL� GHRVHELW� GH� XWLO � SHQWUX� LGHQWLILFDUHD� IHUHVWUHL� +70/� D�
EURZVHU�XOXL� XQGH� VH� HIHFWXHD]D� XUP ULUHD� PLúF ULL� PRXVH�XOXL�� � 5HPDUF P�
GLIHUHQ H�ID �GH�DSOLFD LD�SUH]HQWDW �vQ�DFHDVW �OXFUDUH��XUP ULUHD�úL�UHFXQRDúWHUHD�
JHVWXULORU� PDQXDOH�� �� DWkW� vQ� FHHD� FH� SULYHúWH� PLMORDFHOH� GH� LQWHUDF LXQH� FX�
XWLOL]DWRUXO�� FkW� úL� vQ� FHHD� FH� SULYHúWH� LPSOHPHQWDUHD� RELHFWXDO �� $VWIHO��
FRPXQLFDUHD� JHVWXULORU� SULQ� LQWHUPHGLXO� PRXVH�XOXL� SRDWH� GXFH� OD� R� FUHúWHUH�
FRQVLGHUDELO �D�YLWH]HL�VLVWHPXOXL��ILLQG�HOLPLQDW �SDUWHD�GH�SUHOXDUH�D�LPDJLQLORU�GH�
OD�LQWHUID D�FX�FDPHUD�GLJLWDO ��UHVSHFWLY�SDUWHD�GH�SUHOXFUDUH�D�DFHVWRUD�vQ�YHGHUHD�
GHWHF LHL� FHQWUXOXL� PkLQLL�� VF ]kQG�� GHFL�� vQ� DFHVW� PRG�� FRPSOH[LWDWHD�
FRPSXD LRQDO �� 2EVHUY P�� GH� DVHPHQHD�� F � PRGXO� GH� IXQF LRQDUH� DO� DSOLFD LHL�
ED]DWH� SH� PRXVH� QX� HVWH� vQ� VSLULWXO� LQWHUDF LXQLL� QDWXUDOH� ��QDWXUDO� LQWHUDFWLRQ����
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6LVWHPXO�0RXVH*HVWXUHV�IRU�,QWHUQHW([SORUHU� �SUHVXSXQH�SDUWLFLSDUHD�GLVSR]LWLYX�
OXL� PRXVH� OD� UHDOL]DUHD� JHVWXULORU�� IDSW� FDUH� DUH� XUP WRDUHD� LPSOLFD LH�� FDOLWDWHD�
IL]LF � D� GLVSR]LWLYXOXL� OLPLWHD] � FDSDFLWDWHD� GH� PLúFDUH� D� FXUVRUXOXL� SH� HFUDQ� úL��
DVWIHO�� SXWHUHD� GH� H[SUHVLH� D� XWLOL]DWRUXOXL�� IRUPD� GHVFULV � D� JHVWXOXL� FX� DMXWRUXO�
PRXVH�XOXL�SXWkQG�GLIHUL�GH�IRUPD�GRULW �GH�XWLOL]DWRU��
���&21&/8=,,�
$P�GHVFULV�vQ�OXFUDUHD�GH�ID �PRGXO�GH�UHDOL]DUH�D�XQHL�LQWHUIH H�LQWHOLJHQWH��ED]DW �
SH�FRPXQLFDUHD�FX�XWLOL]DWRUXO�SULQ�LQWHUPHGLXO�JHVWXULORU�LGHQWLILFDWH�GLQ�VHFYHQ H�
GH�LPDJLQL�SUHOXDWH�FX�DMXWRUXO�XQHL�FDPHUH�YLGHR��DWDúDWH�VLVWHPXOXL�2�PRGDOLWDWH��
DSURDSH� LPHGLDW �� GH� vPEXQ W LUH�� HVWH� LQWURGXFHUHD�� vQ� ID]D� GH� vQY DUH�� D�
SRVLELOLW LL� GH� D� LQWXL� QRL� JHVWXUL� VLPLODUH� SULQ� SUHGLF LH� �LQYHUVDUHD� RUGLQLL�
SHUHFKLORU�GH�FRRUGRQDWH�DOH�WUDLHFWRULHL�SHQWUX�JHVWXO�FX�VHPQLILFDWLH�DQWRQLPLF ���
3RVLELOLW LOH�GH�GH]YROWDUH�VH�UHIHU �DWkW�OD�vPEXQ W LUHD�WHKQRORJLHL�GH�SUHOXFUDUH�
vQ� VHQVXO� FUHúWHULL� YLWH]HL�� FkW� úL� OD� vPEXQ W LUHD�� vQ� FRQWLQXDUH�� D�PLMORDFHORU� GH�
FRPXQLFDUH� FX� XWLOL]DWRUXO�� LGHQWLILFDUHD� GXS � ILJXU � �ID ��� FRPXQLFDUHD� SULQ�
PLPLF �� UHVSHFWLY� DQDOL]D� H[SUHVLHL� IDFLDOH� úL�PRGLILFDUHD� IXQF LRQDOLW LORU� VDX� D�
PRGXOXL�GH�SUH]HQWDUH�DO�DSOLFD LHL�vQ�IXQF LH�GH�DFHDVWD���
5HIHULQ H�
��� *RUJDQ��'�� �1RWH� GH� FXUV� �� 6LVWHPH� ,QWHUDFWLYH�� 8QLYHUVLWDWHD� 7HKQLF �&OXM�1DSRFD���������KWWS���EDYDULD�XWFOXM�UR�aJRUJDQ���� +ROGHQ��(���5R\��*���2ZHQV��5��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��7KH�8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD���$GDSWLYH�&ODVVLILFDWLRQ�RI�+DQG�0RYHPHQW�������KWWS���ZZZ�FV�XZD�HGX�DX�aURE\Q�3DSHUV�HMO&11�SV�J]���� +DUH�5��0RXVH�JHVWXUHV�IRU�,QWHUQHW�([SORUHU��KWWS���ZZZ�FRGHSURMHFW�FRP�DWO�0RXVH*HVWXUHV�DVS���� 3HL[RWR��3���*RQFDOYHV��-���$UDXMR�+���5HDO�7LPH�*HVWXUH�5HFRJQLWLRQ�6\VWHP�EDVHG�RQ�
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