


�,QIRUPDWLRQ�7HFKQRORJ\�0DQDJHPHQW�OHDUQLQJ�LV�EHVW�SUDFWLFHG�ZLWKLQ�WKH�SUHFLQFWV�
RI�UHDO�WLPH�LQGXVWU\�

,� ZHOFRPH� \RX� WR� WKH� H[SHULHQFH� �&DPSXV� LQVLGH�� OHDUQLQJ� DW� .*,6/ ,QVWLWXWH� RI�
7HFKQRORJ\�

%H� LW� WKH� VFLHQFHV�� PDQDJHPHQW� HGXFDWLRQ� RU� WKH� DUWV�� WKH� TXDOLW\� RI� OHDUQLQJ�
HQYLURQPHQWV�KDYH�DOZD\V�EHHQ�GHWHUPLQHG�E\�LWV�SUR[LPLW\�WR�LQGXVWU\��7KH�JUHDWHU�
WKH� LQVWLWXWH�LQGXVWU\� LQWHUDFWLRQ� DQG� WKH� EHWWHU� ZDV� WKH� TXDOLW\� RI� OHDUQLQJ� WKDW� WKH�
VWXGHQW�DFFXPXODWHG��

$W�.*,6/ ,QVWLWXWH�RI�7HFKQRORJ\ OHDUQLQJ�LV�DQ�LQWHJUDWHG�V\VWHP�ZLWK�PRVW�RI� WKH�
HGXFDWLRQ�WDNLQJ�SODFH�DW�WKH�FHQWHU�VWDJH�RI�WHFKQRORJ\�ZRUNSODFHV�

5HDO�WLPH�SURMHFWV�EURXJKW�LQ�IRU�OHDUQLQJ�IURP�LQGXVWU\�EULQJ�UHOHYDQFH�WR�RXU�IRFXV�
RI�FUHDWLQJ�
LQGXVWU\�UHDG\
�SHRSOH�IRU�WKH�,7�PDUNHWSODFH�

$GG� WR� WKLV�.*,6/ ,QVWLWXWH� RI�7HFKQRORJ\
V� 
VSRQVRUHG� LQVWLWXWH
� VWDWXV�ZLWK� VWURQJ�
LQGXVWU\� �LQVWLWXWH�G\QDPLFV�KDSSHQLQJ� IRUP� LWV�SDUHQW�RUJDQL]DWLRQ�.*�,QIRUPDWLRQ�
6\VWHPV�3ULYDWH�OLPLWHG�� VWXGHQWV�RQ�WKLV�FDPSXV�KDYH�WKH�
LQVLGH�OLQH
�WR�WKH�ZRUOG�RI�
LQIRUPDWLRQ�WHFKQRORJ\�OHDUQLQJ�

0U�$VKRN %DNWKDYDWKVDODP
0DQDJLQJ�7UXVWHH
.*L6/�(GXFDWLRQDO�,QVWLWXWLRQV



0(66$*(

,W�LV�D�PDWWHU�RI�HODWLRQ�WR�ILQG�WKDW�WKH�.*,6/ ,QVWLWXWH�RI�7HFKQRORJ\SURSRVHV�WR EULQJ�RXW�
WKH�PDJD]LQH�DQQXDOO\�ZLWK�VXEVWDQWLDO�DUWLFOHV�

,W�ZLOO�EH�D�ZRQGHUIXO�RSSRUWXQLW\� IRU� WKH�'HSDUWPHQW�RI� ,QIRUPDWLRQ�7HFKQRORJ\ WR�SOD\�D�
UROH� LQ� EULQJLQJ� XS� WKH� VWXGHQWV� WDOHQWV�� 7KH� 'HSDUWPHQW� LV� DGPLULQJ� IRU� LWV� H[WHQVLRQ�
DFWLYLWLHV�LQ�QHLJKERULQJ�LQVWLWXWLRQV�

7KH� VWXGHQWV�� ,� DP� VXUH�� ZLOO� VKDUH� WKHLU� WHFKQLFDO� NQRZOHGJH� DQG� FRPH� RXW� ZLWK� FUHDWLYH�
LGHDV�� 7KH� SURFHHGLQJ� RI� WKH� PDJD]LQH� FUHDWLRQ ZLOO� KHOS� DOO� WR� XQGHUVWDQG� WKH� YDULRXV�
HOHPHQWV�LQYROYHG�LQ�LQIRUPDWLRQ�WHFKQRORJ\�

0\�EHVW�ZLVKHV�DUH�H[WHQGHG�WR�WKH�GHSDUWPHQW�LQ�WKLV�LQWHOOHFWXDO�FUHDWLRQ�

'U�5DYLFKDQGUDQ5DMDJRSDO
'LUHFWRU
.*,6/�(GXFDWLRQ�,QVWLWXWLRQV



$V�WKH�+HDG�RI�WKH�'HSDUWPHQW�RI�,QIRUPDWLRQ�7HFKQRORJ\�,�DP�H[WUHPHO\�KDSS\�WR�
EULQJ�RXW�WKLV�PDJD]LQH UHOHDVHG�RQ�WKH�WHFKQLFDO�DQG�QRQWHFKQLFDO�

7HFKQRORJ\�� 7HDFKLQJ�� 7UDLQLQJ� DUH� WKH� SLOODUV� RI� RXU� GHSDUWPHQW�� :H� DUH�
HQWHULQJ� LQ� D�ZRUOG�ZKLFK� LV� IXOO\� ,7� GULYHQ�� JOREDOO\� LQWHJUDWHG� DQG� G\QDPLF�� 7KH�
ILHOG� RI� ,7� LV� HPHUJLQJ� GD\� E\� GD\� DQG� RXU� UHVSRQVLELOLW\�� LQ� LPSDUWLQJ� WKH� ODWHVW�
WHFKQLFDO�NQRZOHGJH� WR� WKH� VWXGHQWV�DQG�FXOWLYDWLQJ��QXUWXULQJ� WKH� VDPH� LQ� WKH� ULJKW�
ZD\� ZLOO� PDNH� RXU� VWXGHQWV� FRPSHWHQW� LQ� WKH� FRPSHWLWLYH� ZRUOG�� LV� DOVR� JURZLQJ�
WUHPHQGRXVO\�

7KLV� PDJD]LQH� RIIHUV� DQ� H[FLWLQJ� SODWIRUP� IRU� WKH� VWXGHQWV� WR� H[KLELW� WKH�
NQRZOHGJH� WKH\� SRVVHVV� DQG� D� JRRG� FKDQFH� WR� GHYHORS� WKH� VDPH�� 7KLV� NLQG� RI�
7HFKQLFDO� PDJD]LQH DLPV� DW� SURYLGLQJ� DQ� RSSRUWXQLW\� WR� VWXGHQWV� E\� EULQLQJ�
DFDGHPLFV�	�DVSLULQJ�VWXGHQWV�WR�D�FRPPRQ�SODWIRUP�WR�H[SRVH�DQG�VKDUH�WKHLU�YLHZV�
	�H[SHULHQFHV�

,� FRQJUDWXODWH� DQG� WKDQN� DOO� WKH� VWXGHQWV�� VWDII� DQG� QRQ�WHDFKLQJ� VWDII� RI� WKH�
GHSDUWPHQW�ZKR�KDYH PDGH�WLULQJ�HIIRUWV�WR�EULQJ�RXW�WKLV�PDJD]LQH DQG�ZLVK�WKHP�
DOO�VXFFHVV�



$%287�7+(�&$0386

&RLPEDWRUH� WKH� 0HFFD� RI� OHDUQLQJ� LQ� 6RXWK�
,QGLD�LV�KRVW�WR�WKH�FDPSXV�RI�.*L6/�LQVWLWXWH�
RI� WHFKQRORJ\�� $� FLW\�� ZKLFK� ERDVW� ��
XQLYHUVLWLHV��RYHU����$UWV�DQG�VFLHQFH�FROOHJH��
DQG� ��� (QJLQHHULQJ� FROOHJHV� � DWWUDFWV� WKH�
ILQHVW� WDOHQWV� WDQGHP� WR� WKH� LQIUDVWUXFWXUH� LW�
FDQ�SURYLGH��.*L6/�LQVWLWXWH�RI�WHFKQRORJ\ LV�
FROORFDWHG�RQ�WKH����DFUH�KLJK�WHFK�FDPSXV�RI�
.*,6/��1HVWHG�LQ�WKH�IRRWKLOOV�RI�WKH�:HVWHUQ�
*KDWV��WKH�FDOP��SHDFH��DQG�JUHHQ�HQYLURQV�RI�
WKH� FDPSXV� OHQGV� WR� D� FRQGXFLYH� OHDUQLQJ�
PRRG�� 7KH� LQIUDVWUXFWXUH� DW�.*,6/� RSHUDWHV�
RQ� D� URXQG�WKH�FORFN� PRGH�� KRXVLQJ� PRUH�
WKDQ� ����� FRPSXWHUV� WKDW� DUH� FRQQHFWHG� WR�
VHUYHUV� YLD� OD\HUV��� PDQDJHDEOH� VZLWFKHV��
7ZR�+��VDWHOOLWH�HDUWK�VWDWLRQV�ORFDWHG�RQ�WKH�
FDPSXV� SURYLGH� IRU� QRQ�VWRS� LQWHUQDWLRQDO�
SULYDWH� OHDVHG� &LUFXLWV� �,3/&V�� DQG� D�
UHGXQGDQW� 60%SV� LQWHUQHW� FRQQHFWLYLW\� ZLWK�
4XDOLW\� RI� VHUYLFHV� �426�� FRPSDUDEOH� WR�

JOREDO� VWDQGDUGV�� ,W� LV� DOVR� KRPH� WR� WKH�
VRIWZDUH� 7HFKQRORJ\� 3DUN� RI� ,QGLD� �673,���

WKH� SUHPLHU� RUJDQL]DWLRQ� ZKLFK FRQWULEXWHV�
WR�����RI�DOO�WKH�6RIWZDUH�H[SRUWV�IURP�,QGLD

&$0386�,16,'(

%ULFN�	�PRUWDU��FOLFN��FKDON�	�WDON��DXGLR�
YLVXDO� DLGV�� &\EHU� FODVVURRPV�� \RX¶YH�
KHDUG� LW� DOO� IRUP� VRIWZDUH� WHFKQRORJ\�
LQVWLWXWHV�� $QG� WKHQ� \RX� KDYH� KHDUG� RI�
LQGXVWU\�LQVWLWXWHV� LQWHUDFWLRQ��� FDPSXV�
SODFHPHQWV� DQG� DOO�� %XW��ZLWK� RQH� FUXFLDO�
LPLWDWLRQ�� RXW� RI� ERXQGV� RI� LQGXVWU\�� $W�
.*L6/� LQVWLWXWH� RI� WHFKQRORJ\ ZH� VSHDN�
WKH� ODQJXDJH� RI %RUGHUOHVV� /HDUQLQJ�D�
OHDUQLQJ� HQYLURQPHQW� KDSSHQLQJ� ULJKW� LQ�
WKH�PLGGOH� RI� LQGXVWU\�� µFDPSXV� LQVLGH¶� ±
ZH�FDOO�LW��VLJQLI\LQJ�WKH�XQLTXH�VWUHQJWK�RI��
.*L6/� LQVWLWXWH� RI� WHFKQRORJ\ LQ� EHLQJ�
DEOH�WR�DIIRUG�D�OHDUQLQJ�HQYLURQPHQW�ULJKW�
LQ� WKH� PLGGOH� RI� LWV� VSRQVRULQJ� ERG\�
.*,6/� DV� ,62� ���������� 6(,&00�
/HYHO��FRPSDQ\�
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7KH� OHDUQLQJ� UHVRXUFH� &HQWHU� DW� .*L6/�
LQVWLWXWH�RI�WHFKQRORJ\ LV�D�WUHDVXUH�WURYH�RI�
ERRNV� RQ� ,QIRUPDWLRQ� 7HFKQRORJ\��
PDQDJHPHQW�� VFLHQFH� DQG�VHOI�GHYHORSPHQW��
7KH�OLEUDU\�LV�RSHQ�IURP���DP�WR��SP��$QG�
HQFRXUDJHV�WKH�VWXGHQWV�WR�KDUYHVW�PD[LPXP�
NQRZOHGJH�IURP�WKH�ZHDOWK�RI�NQRZOHGJH�LW�
LV� VWRUHKRXVH� WRR�� 7KH� FHQWHU� DOVR� ERDVWV�
IDFLOLW\� IRU� RQOLQH� DFFHVV� RI� LQIRUPDWLRQ�

WKURXJK� FRPSXWHUV� DYDLODEOH� ZLWK� KLJK�
VSHHG�� ,QWHUQHW� EURZVLQJ� IDFLOLW\�� ZKLFK

VWXGHQWV�FDQ�XVH��ZLWK�D�WRWDO�RI�RYHU������
YROXPHV� DW� VWRUH�� WKH� /HDUQLQJ� 5HVRXUFH�
&HQWHU�LV�H[WHQGHG�D�KHDOWK\�

%XGJHW� IRU� DFTXLULQJ� RI� ERRNV� DQG�
SHULRGLFDOV� WKDW� FRQVWDQWO\� NHHS� LW� XSGDWH�
ZLWK�QHZHU�OHDUQLQJ�WHFKQRORJ\�

3/$&(0(17�

.*,6/� UHFRJQL]HV� WKH� DVSLUDWLRQV� RI� WKH�
LQGLYLGXDO� WR� ODXQFK� KLPVHOI� DV� D� µJOREDO�
HPSOR\HH¶� DQG� DFNQRZOHGJHV� WKDW�
HGXFDWLRQ� LV� WKH� SUHSDUHGQHVV� WR� VXFK�
DVSLUDWLRQ��+HQFH�DOO�OHDUQLQJ�V\VWHPV�DQG�
RSSRUWXQLWLHV� GXULQJ� WKH� SURJUDP� DUH�
IRFXVHG� WRZDUGV� LQJUDLQLQJ� WKH� YDOXHV� RI�
OHDUQLQJ� WKDW� ZRXOG� HYHQWXDOO\� LGHQWLI\�
LQGLYLGXDOO\� FRPSHWHQFLHV� LQ� D� JOREDO�
FDUHHU�SDWK��7KH� FRUSRUDWH� UHODWLRQ�FHOO� DW�
.*L6/� LQVWLWXWH� RI� WHFKQRORJ\ DFWLYHO\�
VROLFLWV� LQGXVWU\� IRU� MRE� RSSRUWXQLWLHV� IRU�
LWV�VWXGHQWV�DQG�WDUJHW�WR�SODFH������LI�LWV�
VWXGHQWV� IURP� WKH� FDPSXV� SODFHPHQW�

RSSRUWXQLWLHV�LW�FUHDWHV�IRU�WKHP���

67$<,1*�21�7+(�&$0386

)XQGDPHQWDO� WR� HQODUJLQJ�KXPDQ� FKRLFHV� LV�
EXLOGLQJ� KXPDQ� FDSDELOLWLHV�� WKH� UDQJH� RI�
WKLQJV� WKDW� SHRSOH� FDQ� GR� RU� EH�� 7KH�
GLYHUVLW\� RI� SHRSOH� RQ� WKH� FDPSXVHV� DW�

.*L6/� LQVWLWXWH� RI� WHFKQRORJ\ SURYLGH� IRU�
H[FHOOHQW� FURVV� H[SHULHQFHV� LQ� FXOWXUH� DQG�
VRFLDO�YDOXHV�RI�WKH�LQGLYLGXDO��7KLV�OHDGV�WR�
D� FRQGLWLRQLQJ� RI� WKH� LQGLYLGXDO� WRZDUGV� D�
PRUH� FRQGLWLRQHG� PXWXDOO\� LQFOXVLYH� VRFLDO�
EHKDYLRU�DWWLWXGH�

7KH�FDPSXV�KRVWHOV�DUH�DJDLQ�DQ�RSSRUWXQLW\�
IRU�FURVV�LQWHJUDWLRQ�RI�VWXGHQW�OHDUQLQJ�ZLWK�
FRUSRUDWH� OLIH� ZKHUH� WKH� VWXGHQW� LV� DEOH� WR�
VKDUH�NQRZOHGJH�DQG�OHDUQ�IURP�KLV�PHQWRUV�
WKH�QXDQFHV�RI�ZRUNSODFH�FRPSHWHQFLHV�

��+2856�&$)(7$5,$

-XVW� OLNH� KRPH�� FRIIHH� �DQG� LQIRUPDWLRQ��
ZKHQ� \RX�ZDQW� LW��7KH� ��� KRXU� FDIHWHULD� LV�
DJDLQ� D� IRUXP� IRU� SURIHVVLRQDO� GLDORJXH�

ZKHUH� WKH� VWXGHQW� JHWV� WR� LQWHUDFW� ZLWK�

SURIHVVLRQDOV�DW�WKH�.*,6/�FDPSXV�
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7KH� VSLULW� RI� IDLU�FRPSHWLWLYHQHVV� LV� EHVW�
DFKLHYHG� RQ� WKH� FRXUWV� RI� D� JDPH�� .*L6/�
LQVWLWXWH� RI� WHFKQRORJ\ UHFRJQL]HV� WKH�
LPSRUWDQFH� RI� VSRUW� DV� GDLO\� ULWXDO� IRU� DOO�

URXQG� GHYHORSPHQW� RI� WKH� LQGLYLGXDO

VSRUWLQJ� LQIUDVWUXFWXUH� WKDW� SURYLGH� IRU�
JDPHV� OLNH� VRFFHU�� FULFNHW�� EDVNHWEDOO��
EDGPLQWRQ�� YROOH\EDOO� DSDUW� IURP� D� ILOO�
IOHGJHG� J\PQDVLXP� KDOO� PDUN� WKH� RXWOHWV� D�
DYDLODEOH� IRU� WKH� LQGLYLGXDO� WR� FRQGLWLRQ� WKH�
VSLULW��ERG\�DQG�PLQG



&/28'�&20387,1*

&ORXG�FRPSXWLQJ�LV�D�FRPSXWLQJ�SDUDGLJP��ZKHUH�D�ODUJH�SRRO�RI�V\VWHPV�DUH�FRQQHFWHG�LQ�SULYDWH�RU�
SXEOLF�QHWZRUNV��WR�SURYLGH�G\QDPLFDOO\�VFDODEOH�LQIUDVWUXFWXUH�IRU�DSSOLFDWLRQ��GDWD�DQG�ILOH�VWRUDJH��
:LWK�WKH�DGYHQW�RI�WKLV�WHFKQRORJ\��WKH�FRVW�RI�FRPSXWDWLRQ��DSSOLFDWLRQ�KRVWLQJ��FRQWHQW�VWRUDJH�DQG�
GHOLYHU\� LV� UHGXFHG� VLJQLILFDQWO\��&ORXG�FRPSXWLQJ� LV� D�SUDFWLFDO� DSSURDFK� WR� H[SHULHQFH�GLUHFW�FRVW�
EHQHILWV�DQG�LW�KDV�WKH�SRWHQWLDO�WR�WUDQVIRUP�D�GDWD�FHQWHU�IURP�D�FDSLWDO�LQWHQVLYH�VHW�XS�WR�D�YDULDEOH
SULFHG� HQYLURQPHQW�� 7KH� LGHD� RI� FORXG� FRPSXWLQJ� LV� EDVHG� RQ� D� YHU\� IXQGDPHQWDO� SULQFLSDO� RI�
ÄUHXVDELOLW\� RI� ,7� FDSDELOLWLHV
�� 7KH� GLIIHUHQFH� WKDW� FORXG� FRPSXWLQJ� EULQJV� FRPSDUHG� WR� WUDGLWLRQDO�
FRQFHSWV� RI� ³JULG� FRPSXWLQJ´�� ³GLVWULEXWHG� FRPSXWLQJ´�� ³XWLOLW\� FRPSXWLQJ´�� RU� ³DXWRQRPLF�
FRPSXWLQJ´�LV�WR�EURDGHQ�KRUL]RQV�DFURVV�RUJDQL]DWLRQDO�ERXQGDULHV��

9,6+18�35,<$�0� <8*(6+�.
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7KH LQWHUQHW�RI�WKLQJV �,R7��LV�WKH�QHWZRUN�RI�SK\VLFDO�GHYLFHV��YHKLFOHV��EXLOGLQJV�DQG�RWKHU�LWHPV²
HPEHGGHG ZLWK HOHFWURQLFV� VRIWZDUH��VHQVRUV��DFWXDWRUV��DQG QHWZRUN�FRQQHFWLYLW\ WKDW�HQDEOH�WKHVH�
REMHFWV�WR�FROOHFW�DQG�H[FKDQJH�GDWD� ,R7�KDV�HYROYHG�IURP�WKH�FRQYHUJHQFH�RI ZLUHOHVV WHFKQRORJLHV��
PLFUR�HOHFWURPHFKDQLFDO�V\VWHPV��0(06���PLFUR�VHUYLFHV DQG�WKH�LQWHUQHW��7KH�FRQYHUJHQFH�KDV�
KHOSHG�WHDU�GRZQ�WKH�VLOR�ZDOOV�EHWZHHQ�RSHUDWLRQDO�WHFKQRORJ\��27��DQG�LQIRUPDWLRQ�WHFKQRORJ\�
�,7���DOORZLQJ�XQVWUXFWXUHG PDFKLQH�JHQHUDWHG�GDWD WR�EH�DQDO\]HG�IRU�LQVLJKWV�WKDW�ZLOO�GULYH�
LPSURYHPHQWV��7KHVH�GHYLFHV�DUH�SRSSLQJ�XS�HYHU\ZKHUH��DQG�WKHVH�DELOLWLHV�FDQ�EH�XVHG�WR�HQKDQFH�
QHDUO\�DQ\�SK\VLFDO�REMHFW�

6$6,9(6$,�3��1$17+,1,�*
,�<U
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&ORXG�FRPSXWLQJ�LV�WKH�XVH�RI�FRPSXWLQJ�UHVRXUFHV�WKDW�DUH�GHOLYHUHG�DV�D�VHUYLFH�RYHU�D�QHWZRUN��$�
PDMRU� IHDWXUH� RI� WKH� FORXG� VHUYLFHV� LV� WKDW� XVHU¶V� GDWD� DUH� XVXDOO\� SURFHVVHG� UHPRWHO\� LQ� XQNQRZQ�
PDFKLQHV�WKDW�XVHUV�GR�QRW�RZQ�RU�RSHUDWH��7KH�GDWD�SURFHVVHG�RQ�FORXGV�DUH�RIWHQ�RXWVRXUFHG��OHDGLQJ�
WR� D� QXPEHU� RI� LVVXHV� UHODWHG� WR� DFFRXQWDELOLW\�� LQFOXGLQJ� WKH� KDQGOLQJ� RI� SHUVRQDOO\� LGHQWLILDEOH�
LQIRUPDWLRQ�� %HFDXVH� RI� WKLV�� XVHU� FDQ� ORVH� VRPH� RI� WKHLU� GDWD�� (QVXULQJ� WKH� VHFXULW\� RI� FORXG�
FRPSXWLQJ� LV� D� PDMRU� IDFWRU� ZLWK� FORXG� VWRUDJH� SURYLGHUV�� 7KH� 0DLQ� REMHFWLYH� RI� WKLV� SURMHFW� LV��
SURSRVLQJ� D� KLJKO\� GHFHQWUDOL]HG� LQIRUPDWLRQ� DFFRXQWDELOLW\� IUDPHZRUN� WR� NHHS� WUDFN� RI� WKH� DFWXDO�
XVDJH� RI� WKH� XVHUV� GDWD� �$XGLWLQJ� DQG� ORJJLQJ�PHFKDQLVP� XVHG� WR� HQVXUH� WKH� LQWHJULW\� RI� WKH� GDWD��
7KHVH� PHFKDQLVP� XVH� WKH� -$5� SURJUDPPDEOH� FDSDELOLWLHV� WR� ERWK� FUHDWH� D� G\QDPLF� DQG� WUDYHOLQJ�
REMHFW� �7KLV�HQVXUH� WKDW�DQ\�DFFHVV� WR�XVHU¶V�GDWD�ZLOO� WULJJHU�DXWKHQWLFDWLRQ�DQG�DXWRPDWHG� ORJJLQJ�
ORFDO�WR�WKH�-$5V��0RUHRYHU��LI�D�-$5�LV�QRW�DEOH�WR�FRQWDFW�LWV�FHQWUDO�SRLQW��DQ\�DFFHVV�HQFORVHG�GDWD�
ZLOO�EH�GHQLHG�

$6:$7+,�.�5��.((57+$1$�9
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$V�D�UHVXOW�RI�WKH�UHVHDUFK�SURFHVVLQJ�LQ�WKH�FRPSXWLQJ�ILHOG��D�QHZ�FRPSXWLQJ�PRGHO�DSSHDUHG�EDVHG�
RQ� WKH�GHYHORSPHQW�RI�PDQ\�FRPSXWLQJ�PRGHOV� VXFK�DV�SDUDOOHO�FRPSXWLQJ��GLVWULEXWHG� FRPSXWLQJ��
DQG�JULG�FRPSXWLQJ��0DQ\�QRUPDO�GLVWULEXWHG�FRPSXWHUV�FROODERUDWH�RI�DFKLHYH�D�IXQFWLRQ�OLNH�D�VXSHU�
FRPSXWHU�7KH� FRPSXWDWLRQ� ZLOO� EH� DVVLJQHG� WR� WKLV� VXSHU� FRPSXWHU� UDWKHU� WKDQ� ORFDO� FRPSXWHU� RU�
UHPRWH�VHUYHU��7KLV�LV�WKH�EDVLF�FRQFHSW�RI�FORXG�FRPSXWLQJ��+RZHYHU��WKHUH�LV�D�QHZ�LPSOHPHQWDWLRQ�
RI�FORXG�FRPSXWLQJ�ZDV�LQWURGXFHG�EDVHG�RQ�XVLQJ�WKH�LQWHUQHW�PLOOLRQV�RI�FRPSXWHUV�FRQQHFWHG�WR�D�
VXSHU�FORXG�&ORXG�FRPSXWLQJ�KDV�VHYHUDO�DGYDQWDJHV�VXFK�DV��XVHU�GRHV�QRW�QHHG�WR�ZRUU\�DERXW�KRZ�
WKH�FORXG�UXQV��YLUXVHV��PDLQWHQDQFH��HWF��:H�ZRXOG�H[SHFW�WKDW�FORXG�FRPSXWLQJ�LV�JRLQJ�WR�UHVKDSH�
WKH� ,7� LQGXVWU\�� ,Q� WKLV� SDSHU� ZH� GLVFXVV� FORXG� FRPSXWLQJ� IURP� GLIIHUHQW� DQJOHV� VXFK� DV� FRQFHSW��
EHQHILWV��ULVN�IDFWRUV��FKDOOHQJHV�DQG�DSSOLFDWLRQV�

6+,9$5$0�%
,,�<U
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7KH�,QWHUQHW�RI�7KLQJV��,R7���WKH�WHFKQRORJLHV��DUFKLWHFWXUHV��DQG�VHUYLFHV�WKDW�DOORZ�PDVVLYH�QXPEHUV�
RI� VHQVRU� HQDEOHG��XQLTXHO\� DGGUHVVDEOH� ³WKLQJV´� WR�FRPPXQLFDWH�ZLWK� HDFK�RWKHU� DQG� WUDQVIHU�GDWD�
RYHU� SHUYDVLYH� QHWZRUNV� XVLQJ� ,QWHUQHW� SURWRFROV�� LV� H[SHFWHG� WR� EH� WKH� QH[W� JUHDW WHFKQRORJLFDO�
LQQRYDWLRQ�DQG�EXVLQHVV�RSSRUWXQLW\��,W�ZLOO�H[FHHG�LQ�VL]H�DQG�LPSRUWDQFH�ERWK�WKH�SHUVRQDO�FRPSXWHU�
DQG�PRELOH� FRPPXQLFDWLRQV�PDUNHWV�� DQG�HYHQ� WKH�GHYHORSPHQW�RI� WKH� ,QWHUQHW� LWVHOI��$W� WKLV� WLPH��
PRVW�,R7�LQLWLDWLYHV�DUH�IRFXVHG�RQ�XVLQJ FRQQHFWHG�GHYLFHV�ZLWK�VLPSOH��RQERDUG��SDVVLYH�VHQVRUV�WR�
PDQDJH�� PRQLWRU� DQG� RSWLPL]H� V\VWHPV� DQG� WKHLU� SURFHVVHV�� 7KLV� DORQH� ZLOO� EH� KXJHO\�
LPSDFWIXO�KRZHYHU�� LW� LV�QRW� WRR�VRRQ�IRU�IRUZDUG�WKLQNLQJ�FRPSDQLHV� WR�H[SORUH� WKH�PRUH�DGYDQFHG�
DQG�WUDQVIRUPDWLRQDO�DVSHFWV�RI�XELTXLWRXV�FRQQHFWLYLW\��DQG�FRPPXQLFDWLRQ�DPRQJ��VPDUW�GHYLFHV� ,W�
ZLOO� DOVR� H[DPLQH� WKH� PDQ\� ZD\V� ,R7� WHFKQRORJLHV� DQG� URERWLF� ³GHYLFHV´� LQWHUVHFW� WR� SURYLGH�
DGYDQFHG� URERWLF� FDSDELOLWLHV�� DORQJ� ZLWK� QRYHO� DSSOLFDWLRQV�� DQG� E\� H[WHQVLRQ�� QHZ� EXVLQHVV�� DQG�
LQYHVWPHQW�

$1'5,1(�9�7��'+$581�5
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%UDLQ� )LQJHUSULQWLQJ� LV� D� QHZ� FRPSXWHU�EDVHG� WHFKQRORJ\� WR� LGHQWLI\� WKH� SHUSHWUDWRU� RI� D� FULPH�
DFFXUDWHO\�DQG�VFLHQWLILFDOO\�E\�PHDVXULQJ�EUDLQ�ZDYH�UHVSRQVHV�WR�FULPH�UHOHYDQW�ZRUGV�RU�SLFWXUHV�
SUHVHQWHG� RQ�D� FRPSXWHU� VFUHHQ��%UDLQ�)LQJHUSULQWLQJ� KDV� SURYHQ� �����DFFXUDWH� LQ� RYHU� ���� WHVWV��
LQFOXGLQJ� WHVWV�RQ�)%,�DJHQWV�� WHVWV� IRU�D�86�LQWHOOLJHQFH�DJHQF\�DQG�IRU� WKH�86�1DY\��DQG� WHVWV�RQ�
UHDO�OLIH� VLWXDWLRQV� LQFOXGLQJ� IHORQ\� FULPHV�� %UDLQ� )LQJHUSULQWLQJ� LV� EDVHG� RQ� WKH� SULQFLSOH� WKDW� WKH�
EUDLQ�LV�FHQWUDO�WR�DOO�KXPDQ�DFWV��,Q�D�FULPLQDO�DFW��WKHUH�PD\�RU�PD\�QRW�EH�PDQ\�NLQGV�RI�SHULSKHUDO�
HYLGHQFH��EXW�WKH�EUDLQ�LV�DOZD\V�WKHUH��SODQQLQJ��H[HFXWLQJ��DQG�UHFRUGLQJ�WKH�FULPH�

.((57+,.$�-��$,6:$5<$�5
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2QH� PHWKRG� IRU� GHWHFWLQJ� IUDXG� LV� WR� FKHFN� IRU� VXVSLFLRXV� FKDQJHV� LQ� XVHU� EHKDYLRU�� 7KLV� SDSHU�
GHVFULEHV�WKH�DXWRPDWLF�GHVLJQ�RI�XVHU�SURILOLQJ�PHWKRGV�IRU�WKH�SXUSRVH�RI�IUDXG�GHWHFWLRQ��XVLQJ�D�
VHULHV�RI�GDWD�PLQLQJ�WHFKQLTXHV��6SHFLILFDOO\��ZH�XVH�D�UXOH�OHDUQLQJ�SURJUDP�WR�XQFRYHU�LQGLFDWRUV�RI�
IUDXGXOHQW�EHKDYLRU� IURP�D� ODUJH�GDWDEDVH�RI�FXVWRPHU� WUDQVDFWLRQV��7KHQ� WKH� LQGLFDWRUV�DUH�XVHG� WR�
FUHDWH�D�VHW�RI�PRQLWRUV��ZKLFK�SURILOH�OHJLWLPDWH�FXVWRPHU�EHKDYLRU�DQG�LQGLFDWH�DQRPDOLHV��)LQDOO\��
WKH� RXWSXWV� RI� WKH� PRQLWRUV� DUH� XVHG� DV� IHDWXUHV� LQ� D� V\VWHP� WKDW� OHDUQV� WR� FRPELQH� HYLGHQFH� WR�
JHQHUDWH� KLJK�FRQILGHQFH� DODUPV��7KH� V\VWHP�KDV� EHHQ� DSSOLHG� WR� WKH� SUREOHP�RI� GHWHFWLQJ� FHOOXODU�
FORQLQJ�IUDXG�EDVHG�RQ�D�GDWDEDVH�RI�FDOO�UHFRUGV��([SHULPHQWV�LQGLFDWH�WKDW�WKLV�DXWRPDWLF�DSSURDFK�
SHUIRUPV�EHWWHU�WKDQ�KDQG�FUDIWHG�PHWKRGV�IRU�GHWHFWLQJ�IUDXG��)XUWKHUPRUH��WKLV�DSSURDFK�FDQ�DGDSW�
WR�WKH�FKDQJLQJ�FRQGLWLRQV�W\SLFDO�RI�IUDXG�GHWHFWLRQ�HQYLURQPHQWV�

+$5,35,<$�1��,6:$5<$�.
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,PDJH� FRPSUHVVLRQ� WHFKQLTXHV� DUH� WKH� PRVW� DSSUHKHQVLYH� WRSLFV� LQ� WRGD\¶ KLJK�WHFK� HQYLURQPHQW��
6LQJXODU� 9DOXH� 'HFRPSRVLWLRQ� �69'�� LV� RQH� RI� WKH� LPDJH� FRPSUHVVLRQ� WHFKQLTXH�� 69'� LV� DQ�
DWWUDFWLYH� DOJHEUDLF� WUDQVIRUP� IRU� GLJLWDO� LPDJH� SURFHVVLQJ� DSSOLFDWLRQV�� 7KH� 69'� PHWKRG� FDQ�
WUDQVIRUP�PDWUL[� $� LQWR� SURGXFW�� ZKLFK� DOORZV� XV� WR� UHIUDFWRU� D� GLJLWDO� LPDJH� LQ� WKUHH� RUWKRJRQDO�
PDWULFHV��7KH� XVLQJ� RI� VLQJXODU� YDOXHV� RI� VXFK� UHIDFWRULQJ� DOORZV� XV� WR� UHSUHVHQW� WKH� LPDJH�ZLWK� D�
UHGXFHG�VHW�RI�YDOXHV��ZKLFK�FDQ�VWRUH�WKH�XVHIXO� IHDWXUHV�RI� WKH�JLYHQ�RULJLQDO�LPDJH��DOVR�XVH� OHVV�
VWRUDJH�VSDFH�RI�WKH�PHPRU\��DQG�DFKLHYH�WKH�LPDJH�FRPSUHVVLRQ�SURFHVV��,Q�WKLV�SDSHU��GLVFXVV�KRZ�
69'�LV�DSSOLHG�WR�LPDJHV��WKH�WHFKQLTXH�RI�LPDJH�FRPSUHVVLRQ�DQG�PDLQWDLQ�WKH�TXDOLW\�RI�WKH�LPDJH�
XVLQJ�69'�DQG�DOVR�WKH�DOJRULWKP�WR�FRPSUHVV�DQ�LPDJH�XVLQJ�0$7/$%

1,6+$17+,1,�.�7�0,186+$�5
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&5<21,&6�5$,6,1*� 7+(� '($'� 7KH� FRQFHSW� JRHV� OLNH� WKLV�� :KHQ� D� SDWLHQW¶V� KHDUW� VWRSV�
EHDWLQJ��EXW�EHIRUH�WKH�VWUXFWXUH�RI�KLV�EUDLQ�VWDUWV�WR�GHJHQHUDWH��WKH�SDWLHQW�LV�DWWDFKHG�WR�D�KHDUW�±
OXQJ�PDFKLQH�DQG�SURJUHVVLYHO\�LQIXVHG�ZLWK�µDQWLIUHH]H¶�DQG�RWKHU�FHOOXODU�VWDELOL]HUV��DQG�� WKHQ�KLV�
ERG\� WHPSHUDWXUH� LV� ORZHUHG� XQWLO� WKH� SDWLHQW� LV� DW� µOLTXLG� QLWURJHQ� WHPSHUDWXUHV¶��$W� WKLV� SRLQW�� DOO�
PROHFXODU�FKDQJH�VWRSV�LQGHILQLWHO\�DQG�WKH�SDWLHQW�DUH�SXW�LQ�VWRUDJH�:KHQ�WKH�QDQRWHFKQRORJ\�FHOO�
UHSDLU� GHYLFHV� EHFRPH� DYDLODEOH�� WKH� IDWDO� GLVHDVH� WKDW� FDXVHG� µGHDWK� LV� UHYHUVHG�� WKH� DQWL�IUHH]H�
WR[LFLW\�LV�UHPRYHG��DQG�WKH�SDWLHQW�LV�ZDUPHG�EDFN�XS�DOLYH�DQG�ZHOO�

3229$5$6$1�(��35$*$'((6+�0�*
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7KH�/HDS�0RWLRQ�&RQWUROOHU�LV�D�VPDOO�GHYLFH�WKDW�FRQQHFWV�ZLWK�D�3&�RU�0DF�DQG�HQDEOHV�XVHUV� WR�
PDQLSXODWH� GLJLWDO� REMHFWV� ZLWK� KDQG� PRWLRQV��� :RUNLQJ� ZLWK� RWKHU� KDUGZDUH� WKH� /HDS� 0RWLRQ�
FRQWUROOHU�DGGV�D�QHZ�ZD\�WR�LQWHUDFW�ZLWK�WKH�GLJLWDO�ZRUOG���3URJUDPV�GHVLJQHG�WR�LQWHUSUHW�JHVWXUH�
EDVHG�FRPSXWLQJ�DOORZ�WKH�XVHU�WR�SOD\�JDPHV��FUHDWH�GHVLJQV��DQG�OHDUQ�LQ�D�µKDQGV�RQ¶�ZD\��/HDS�
0RWLRQ�SUHVHQWV� DQ� HQWLUHO\� QHZ�ZD\� WR� LQWHUDFW�ZLWK� \RXU� FRPSXWHUV�� 3XW� VLPSO\��/HDS�0RWLRQ� LV�
PRUH�DFFXUDWH�WKDQ�D�PRXVH��DV�UHOLDEOH�DV�D�NH\ERDUG�DQG�PRUH�VHQVLWLYH�WKDQ�D�WRXFK�VFUHHQ��)RU�WKH�
ILUVW� WLPH�� \RX� FDQ� FRQWURO� D� FRPSXWHU� LQ� WKUHH� GLPHQVLRQV� ZLWK� \RXU� QDWXUDO� KDQG� DQG� ILQJHU�
PRYHPHQWV��7KH�/HDS�0RWLRQ�&RQWUROOHU�OHWV�\RX�XVH�\RXU�FRPSXWHU�LQ�D�ZKROH�QHZ�ZD\��5HDFK�RXW�
DQG�VZLSH��JUDE��SLQFK��RU�SXQFK \RXU�ZD\�WKURXJK�WKH�GLJLWDO�ZRUOG�
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1DQRWHFKQRORJ\ LV PDQLSXODWLRQ� RI� PDWWHU� RQ� DQ DWRPLF� PROHFXODU�� DQG VXSUDPROHFXODU VFDOH�� 7KH�
HDUOLHVW�� ZLGHVSUHDG� GHVFULSWLRQ� RI� QDQRWHFKQRORJ\UHIHUUHG WR� WKH� SDUWLFXODU� WHFKQRORJLFDO� JRDO� RI�
SUHFLVHO\�PDQLSXODWLQJ�DWRPV�DQG�PROHFXOHV�IRU�IDEULFDWLRQ�RI�PDFURVFDOH�SURGXFWV��DOVR�QRZ�UHIHUUHG�
WR�DV PROHFXODU�QDQRWHFKQRORJ\��$�PRUH�JHQHUDOL]HG�GHVFULSWLRQ�RI�QDQRWHFKQRORJ\�ZDV�VXEVHTXHQWO\�
HVWDEOLVKHG� E\� WKH 1DWLRQDO� 1DQRWHFKQRORJ\� ,QLWLDWLYH�� ZKLFK� GHILQHV� QDQRWHFKQRORJ\� DV� WKH�
PDQLSXODWLRQ�RI�PDWWHU�ZLWK�DW� OHDVW�RQH�GLPHQVLRQ�VL]HG�IURP��� WR���� QDQRPHWHUV��7KLV�GHILQLWLRQ�
UHIOHFWV�WKH�IDFW�WKDW TXDQWXP�PHFKDQLFDO HIIHFWV�DUH�LPSRUWDQW�DW�WKLV TXDQWXP�UHDOP VFDOH��DQG�VR�WKH�
GHILQLWLRQ�VKLIWHG�IURP�D�SDUWLFXODU�WHFKQRORJLFDO�JRDO�WR�D�UHVHDUFK�FDWHJRU\�LQFOXVLYH�RI�DOO�W\SHV�RI�
UHVHDUFK�DQG�WHFKQRORJLHV�WKDW�GHDO�ZLWK�WKH�VSHFLDO�SURSHUWLHV�RI�PDWWHU�ZKLFK�RFFXU�EHORZ�WKH�JLYHQ�
VL]H�WKUHVKROG�

6$&+,1�6:$0,1$7+$1
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$� VWXG\� RQ� LPSRUWDQFH� RI� LPDJH� SURFHVVLQJ� DQG� LWV� DSSOLFDWLRQ� WR� WKH� ILHOG� RI� FRPSXWHU� YLVLRQ� LV�
FDUULHG� RXW� LQ� WKLV� SDSHU��$Q� LPDJH� LV� GHILQHG� DV� DQ� DUUD\� RU�PDWUL[�� RI� VTXDUH� SL[HOV� �HOHPHQWV� RI�
SLFWXUH��DUUDQJHG�LQ�URZV�DQG�FROXPQV��,PDJH�SURFHVVLQJ�LV�D�SURFHGXUH�RI�FRQYHUWLQJ�DQ�LPDJH�LQWR�
GLJLWDO� IRUP�DQG�FDUU\�RXW�VRPH�RSHUDWLRQ�RQ� LW��0DWKHPDWLFDOO\� LPDJH�SURFHVVLQJ� LV�GHILQHG�DV� WKH�
SURFHVVLQJ�RI�D�WZR�GLPHQVLRQDO�SLFWXUH�E\�D�FRPSXWHU�L�H���DQ�LPDJH�LV�GHILQHG�DV�D�IXQFWLRQ�RI�WZR�
UHDO�YDULDEOHV��OLNH�W�[��\��ZLWK�DQ�DPSOLWXGH�VXFK�DV�EULJKWQHVV�RI�DQ�LPDJH�DW�WKH�FRRUGLQDWH�SRLQW��D��
E���7KH�RXWFRPH�RI�LPDJH�SURFHVVLQJ�FDQ�EH�DQ�LPDJH�RU�D�VHW�RI�IHDWXUHV�RU�FKDUDFWHULVWLFV�UHODWHG�WR�
WKH� LPDJH��7KH�JRDO�RI� WKLV� RSHUDWLRQ�FDQ�EH�GLYLGHG� LQWR��� FDWHJRULHV��)LUVWO\� LPDJH�SURFHVVLQJ� LQ�
ZKLFK�LQSXW� LV�DQ�LPDJH�DQG�RXWSXW�LV�DOVR�DQ�LPDJH��6HFRQGO\� LPDJH�DQDO\VLV� LQ�ZKLFK� LQSXW� LV�DQ�
LPDJH�DQG�RXWSXW�DUH�WKH�GLPHQVLRQV�RU�PHDVXUHPHQWV��)LQDOO\�LPDJH�XQGHUVWDQGLQJ�LQ�ZKLFK�LQSXW�LV�
DQ� LPDJH� DQG� RXWSXW� LV WKH� VWDQGDUG� GHVFULSWLRQ� RI� DQ� LPDJH�� 7KH� ILHOG� RI� VFLHQFH� DQG� WHFKQRORJ\�
LQFOXGH� FRPSXWHU� YLVLRQ�� UHPRWH� VHQVLQJ�� IDFH� GHWHFWLRQ�� RSWLFDO� FKDUDFWHU� UHFRJQLWLRQ�6LJQDWXUH�
9HULILFDWLRQ�%LRPHWULFV PHGLFDO�DSSOLFDWLRQ�DQG�*RDO�RI�LPDJH�SURFHVVLQJ�
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&ORXG�FRPSXWLQJ�LV�D�VHW�RI�,7�VHUYLFHV�WKDW�DUH�SURYLGHG�WR�D�FXVWRPHU�RYHU�D�QHWZRUN�RQ�D�OHDVHG�
EDVLV�DQG�ZLWK�WKH�DELOLW\�WR�VFDOH�XS�RU�GRZQ�WKHLU�VHUYLFH�UHTXLUHPHQWV��8VXDOO\�&ORXG�&RPSXWLQJ�
VHUYLFHV�DUH�GHOLYHUHG�E\�D�WKLUG�SDUW\�SURYLGHU�ZKR�RZQV�WKH�LQIUDVWUXFWXUH��&ORXG�&RPSXWLQJ�KROGV�
WKH�SRWHQWLDO�WR�HOLPLQDWH�WKH�UHTXLUHPHQWV�IRU�VHWWLQJ�XS�RI�KLJK�FRVW�FRPSXWLQJ�LQIUDVWUXFWXUH�IRU�,7�
EDVHG�VROXWLRQV�DQG�VHUYLFHV�WKDW�WKH�LQGXVWU\�XVHV��,W�SURPLVHV�WR�SURYLGH�D�IOH[LEOH�,7�DUFKLWHFWXUH��
DFFHVVLEOH�WKURXJK�LQWHUQHW�IURP�OLJKWZHLJKW�SRUWDEOH�GHYLFHV��7KLV�ZRXOG�DOORZ�PXOWL�IROG�LQFUHDVH�LQ�
WKH� FDSDFLW\� DQG� FDSDELOLWLHV� RI� WKH� H[LVWLQJ� DQG� QHZ� VRIWZDUH�� 7KLV� QHZ� HFRQRPLF� PRGHO� IRU�
FRPSXWLQJ�KDV�IRXQG�IHUWLOH�JURXQG�DQG�LV�DWWUDFWLQJ�PDVVLYH�JOREDO LQYHVWPHQW��0DQ\�LQGXVWULHV��VXFK�
DV�EDQNLQJ��KHDOWKFDUH�DQG�HGXFDWLRQ�DUH�PRYLQJ�WRZDUGV�WKH�FORXG�GXH�WR�WKH�HIILFLHQF\�RI�VHUYLFHV�
SURYLGHG� E\� WKH� SD\�SHU�XVH� SDWWHUQ� EDVHG� RQ� WKH� UHVRXUFHV� VXFK� DV� SURFHVVLQJ� SRZHU� XVHG��
WUDQVDFWLRQV�FDUULHG�RXW��EDQGZLGWK�FRQVXPHG��GDWD�WUDQVIHUUHG��RU�VWRUDJH�VSDFH�RFFXSLHG�HWF��
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(�PDLOV�DUH�WKH�PRVW�QRQWULYLDO�PHDQV�RI�FRPPXQLFDWLRQ�LQ�WKH�UHFHQW�\HDUV��6SDP�PDLOV�RIWHQ�FDXVH�
LQFRQYHQLHQW� WR�WKH�XVHUV��7KH�PDLOV�DUH�FODVVLILHG�DV�6SDP�DQG�KDP��8QZDQWHG�PDLOV�DUH�FDOOHG�DV�
VSDP�DQG�JHQXLQH�PDLOV�DUH�FDOOHG�DV�KDP��,Q�WKLV�SDSHU��WKH�HIIHFWLYH�GHFLVLRQ�WUHH�FODVVLILHUV�DUH�XVHG�
WR�FODVVLI\�ZKHWKHU�WKH�PDLO�LV�VSDP�RU�KDP��0DQ\�ILOWHULQJ�WHFKQLTXHV�DUH�XVHG�WR�ILQG�WKH�VSDP�PDLOV�
DQG� ILOWHU� WKHP� EXW� WKH� DFFXUDF\� DQG� SHUIRUPDQFH� RI� WKH� DOJRULWKPV� LV� GLVWLQFW� IURP� HDFK� RWKHU��
(IILFLHQW�ILOWHULQJ�RI�VSDP�PDLOV

1$9,1�&+$1'$5�.
,,,�<U



2�Û«Y>TãZPTÝ

��6M>Ü®>âYHäL ZITGT�@T <�JÝ4C«[>JTàP[KJÜHØC«
��8ÜZHT«Ý>Tä² ¦Ý�[@�ZMZJ E[M[PÚ«ÜH©Ô¤Ý�±>Ý FTÞ�
��ZEzJÔ Y>T}[J ¯Eà¯E�à 6±PTÔxJFT© YCåITßÔ����à
6±PTÔxJ«�
��8²Ý®>ã6D¶4àMTIà ��� FTØ>ãPTµÝ�
��;±YHåz[MÔY>TÙ© ���x�� �NITG Z>T©ZHTCMTÝ�
��HTÝ®>´Ô¤Z>Ø¤Ý @Ô�x[CJT«�
��FÙ}äÔ¤ E[Mx[CJT« 2EåHä>ã
P�ä�à4±Ô¤Ý�
��YPã[N8åH«;±�LÝ4à[M2«9µPßDÕ>�å>M[P�
��¯ä�ÜHµÚ« >TÞÛE ZEÕ>TÞIKÚ��±Û« H>�à�OT« 4K�àETå
�µÝ�
���FIÔ¤ 6Cà ¯µP«Ý�JßÔ¤Ý� 3GTà FTÞÔ¤ FTÔxàIØ©ZI
�JßÔ¤Ý�
���zMÛ�ÜÁÖzÔ¤8Ø©Ô >Ù>ã6Ù©�
���4LT³Ô¤4EJÝ E[M�à4±ÔxL«
���3Ü>T�æET�àK�àx[CJT«�
���4Û�JT�àE��àETå �[H�ã�¯E�à
YIT�YHJßÔ>ÜHØC«�
���3ÙzÕ>Ý @TÜ�ØC�åGZK YHÙzÕ>Ý @TÜ�©Ý�
����PTÚ«2�>T[M�àIØ©ZI¯Ø[C�©Ý��
���>ÚE�Ô>T�åETJ>Ý4Û�JTETå�
����ZKzà FTØ©ZEå>@Ô¤Ý�
���¯åGTã 4Û�JAGT�H�JTxJ 2Ü«à>MTÝ zLÛE [D>[MB±Ý
3PTß�
���6Mxà>Cä>[K4àMTEFT©>ã���3¤Ý�

%\
0$+$�/$.6+0,�.

,9<U



FØ�å��¶�

8�ßHTKTE ;± @Û�Ü®
4[D��JTE ;±6L¶

�Ø©ÔY>T©Ô>TE IGÜHTå[I
ZETà��à;±3²Eà
@TÞÛ«Y>TãN;±ZETà
H�[J9ä¤Ý¤DÝ
2PåETå FÙHå���������

%\
$581�0�

,,,�<U

6L�å6�KT>��2±�å�[LPT>PTâ[P

POÕ¤ÝFà>C¶ZN����

2±[N YIT�Û�©Ý�3äL[M EÛ�©Ý2�JT

6DßZP8å�à2±ZN����

PÛEåPTßÚ[E8åPTâPT¤Ý����

PÛEåHT[E8å P�JT¤ZI����

Z@T>Õ>ã¦[IJTxE©IT²Ý ZHT«zL>T>

8å[G�Â}GTÞ���

HTPÕ>ãHMZ>T}FTåY@ÞEZHT«

HT@ÚETà8å[G�ZE}GTÞ����

4�P±Ý>TMÝ��� 4�ET>IT²Ý

6åZGT© 4[DJ JTzÔxZLå
�EÛEPTâ�[G6IÔ>T>PTO���

%\�
6,9$35,<$�5

,9�<U



>PGÖzELà�ZETà�[JÚ�E±Ý
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