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�,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
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,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�
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&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\�

/($51,1*
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7KH� OHDUQLQJ� UHVRXUFH� &HQWHU� DW� .*L6/�
LQVWLWXWH� RI� WHFKQRORJ\ LV� D� WUHDVXUH� WURYH�

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�

632576�$1'�(9(176�

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 �
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5HDO�WLPH�LQWHUDFWLYH�FRPPXQLFDWLRQV�KDYH�EHFRPH�FULWLFDO�IRU�EXVLQHVV��H�FRPPHUFH��H�JRYHUQPHQW�
DQG� HGXFDWLRQ�� 7HOHFRQIHUHQFLQJ� V\VWHPV� KDYH� EHHQ� XVXDOO\� GHSOR\HG XVLQJ� SUR�SULHWDU\� DQG�
H[SHQVLYH� V\VWHPV�� 2YHUOD\� QHWZRUNV� DUH� RIWHQ� XVHG� WR� VXSSRUW� PXOWL�SRLQW� WHOHFRQIHUHQFLQJ� DQG�
SURYLGH�VHU�YLFHV�XQDYDLODEOH�LQ�WKH�XQGHUO\LQJ�SK\VLFDO�QHWZRUNV��:LWK�WKH�DGYHQW�RI�:HE57&��UHDO�
WLPH� FRPPXQLFDWLRQ� DSSOLFDWLRQV� FDQ� EH LPSOHPHQWHG� GLUHFWO\� LQ� WKH� EURZVHU� ZLWKRXW� LQVWDOOLQJ�
FXVWRP�DSSOLFDWLRQV�RU�DGGLWLRQDO�SOXJLQV��LW�LV�SRVVLEOH�WR�XVH�WKH�+773���:HE�6RFNHW�DQG�57&�$3,�
YLD� D�:HE� VHUYHU�� LQ� RUGHU� WR� SHUIRUP� UHDO�WLPH� YLGHR� FRPPXQLFDWLRQ� LQ� DOO�:HE� EURZVHUV�� ,Q� DOO�
HQYLURQPHQWV�WKDW�DUH�FRQQHFWHG�WR�WKH�QHWZRUN��LW�LV�DYDLODEOH�DW�DOO�WHUPLQDOV�WKDW�\RX�FDQ�XVH�D�:HE�
EURZVHU� DQG� UHDO�WLPH� YLGHR� FRPPXQLFDWLRQ�� :HE� 5HDO�7LPH� &RPPXQLFDWLRQ� �:HE� 57&�� LV� DQ�
XSFRPLQJ�VWDQGDUG�WKDW�DLPV�WR�HQDEOH�UHDO�WLPH�FRPPXQLFDWLRQ�DPRQJ�:HE�EURZVHUV�LQ�D�SHHU�WR�
SHHU�IDVKLRQ��,Q�WKLV�SDSHU�ZH�DUH�DLPLQJ�WR�SUHVHQW�WKH�GHWDLOHG�UHYLHZ�RYHU�:HE57&�IUDPHZRUN��:H�
DUH�SUHVHQWLQJ� WKH� VWDQGDUG� DQG� WHFKQRORJ\�XVHG�RI�:HE57&��GLIIHUHQW�PHWKRGV�XVHG� LQ�:HE57&��
EDQGZLGWK� DOORFDWLRQ� VFKHPH� GLVFXVVHG� ZKLFK� LV� XVHG� IRU� YLGHR� FROODERUDWLRQ� XQGHU� UHDO� WLPH�
HQYLURQPHQW��7KLV�SDSHU�SURSRVHV�D�YLGHR�HQFU\SWLRQ�DOJRULWKP�XVLQJ�56$�DQG�3VHXGR�1RLVH��31��
VHTXHQFH�� DLPHG� DW� DSSOLFDWLRQV� UHTXLULQJ� VHQVLWLYH� YLGHR� LQIRUPDWLRQ� WUDQVIHUV�� 7KH� V\VWHP� LV�
SULPDULO\� GHVLJQHG� WR� ZRUN� ZLWK� ILOHV� HQFRGHG� XVLQJ� WKH� $XGLR� 9LGHR� ,QWHUOHDYHG� �$9,�� FRGHF��
DOWKRXJK�LW�FDQ�EH�HDVLO\�SRUWHG�IRU�XVH�ZLWK�0RYLQJ�3LFWXUH�([SHUWV�*URXS��03(*��HQFRGHG�ILOHV�
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$XWRPDWLF� FRQWLQXRXV� DIIHFWLYH� VWDWH� SUHGLFWLRQ� IURP� QDWXUDOLVWLF� IDFLDO� H[SUHVVLRQ� LV� D� YHU\�
FKDOOHQJLQJ� UHVHDUFK� WRSLF� EXW� YHU\� LPSRUWDQW� LQ� KXPDQ±FRPSXWHU� LQWHUDFWLRQ�� 2QH� RI� WKH PDLQ�
FKDOOHQJHV�LV�PRGHOLQJ�WKH�G\QDPLFV�WKDW�FKDUDFWHUL]H�QDWXUDOLVWLF�H[SUHVVLRQV��,Q�WKLV�SDSHU��D�QRYHO�
WZR�VWDJH� DXWRPDWLF� V\VWHP� LV� SURSRVHG� WR� FRQWLQXRXVO\� SUHGLFW� DIIHFWLYH� GLPHQVLRQ� YDOXHV� IURP�
IDFLDO� H[SUHVVLRQ� YLGHRV�� ,Q� WKH� ILUVW� VWDJH�� WUDGLWLRQDO� UHJUHVVLRQ�PHWKRGV� DUH� XVHG� WR� FODVVLI\� HDFK�
LQGLYLGXDO�YLGHR�IUDPH��ZKLOH�LQ�WKH�VHFRQG�VWDJH��D�WLPH�GHOD\�QHXUDO�QHWZRUN��7'11��LV�SURSRVHG�WR�
PRGHO�WKH�WHPSRUDO�UHODWLRQVKLSV�EHWZHHQ�FRQVHFXWLYH�SUHGLFWLRQV��7KH�WZR�VWDJH�DSSURDFK�VHSDUDWHV�
WKH�HPRWLRQDO� VWDWH�G\QDPLFV�PRGHOLQJ� IURP�DQ� LQGLYLGXDO�HPRWLRQDO�VWDWH�SUHGLFWLRQ�VWHS�EDVHG�RQ�
LQSXW� IHDWXUHV�� ,Q� GRLQJ� VR�� WKH� WHPSRUDO� LQIRUPDWLRQ� XVHG� E\� WKH�7'11� LV� QRW� ELDVHG� E\� WKH� KLJK�
YDULDELOLW\�EHWZHHQ�IHDWXUHV�RI�FRQVHFXWLYH�IUDPHV�DQG�DOORZV�WKH�QHWZRUN�WR�PRUH�HDVLO\�H[SORLW�WKH�
VORZ� FKDQJLQJ� G\QDPLFV� EHWZHHQ� HPRWLRQDO� VWDWHV�� 7KH� V\VWHP� ZDV� IXOO\� WHVWHG� DQG� HYDOXDWHG� RQ�
WKUHH�GLIIHUHQW�IDFLDO�H[SUHVVLRQ�YLGHR�GDWDVHWV��2XU�H[SHULPHQWDO�UHVXOWV�GHPRQVWUDWH�WKDW�WKH�XVH�RI�D�
WZR�VWDJH� DSSURDFK� FRPELQHG� ZLWK� WKH� 7'11� WR� WDNH� LQWR� DFFRXQW� SUHYLRXVO\� FODVVLILHG� IUDPHV�
VLJQLILFDQWO\�LPSURYHV�WKH�RYHUDOO�SHUIRUPDQFH�RI�FRQWLQXRXV�HPRWLRQDO�VWDWH�HVWLPDWLRQ�LQ�QDWXUDOLVWLF�
IDFLDO�H[SUHVVLRQV��7KH�SURSRVHG�DSSURDFK�KDV�ZRQ�WKH�DIIHFW�UHFRJQLWLRQ�VXE�FKDOOHQJH�RI�WKH�7KLUG�
,QWHUQDWLRQDO�$XGLR�9LVXDO�(PRWLRQ�5HFRJQLWLRQ�&KDOOHQJH�
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0DQ\�ZHE�FRPSXWLQJ�V\VWHPV�DUH�UXQQLQJ�UHDO�WLPH�GDWDEDVH�VHUYLFHV�ZKHUH�WKHLU�LQIRUPDWLRQ�FKDQJH�
FRQWLQXRXVO\�DQG�H[SDQG�LQFUHPHQWDOO\��,Q�WKLV�FRQWH[W��ZHE�GDWD�VHUYLFHV�KDYH�D�PDMRU�UROH�DQG�GUDZ�
VLJQL¿FDQW� LPSURYHPHQWV� LQ� PRQLWRULQJ� DQG� FRQWUROOLQJ� WKH LQIRUPDWLRQ� WUXWKIXOQHVV� DQG� GDWD�
SURSDJDWLRQ��&XUUHQWO\��ZHE� WHOHPHGLFLQH� GDWDEDVH� VHUYLFHV� DUH� RI� FHQWUDO� LPSRUWDQFH� WR� GLVWULEXWHG�
V\VWHPV�� +RZHYHU�� WKH� LQFUHDVLQJ� FRPSOH[LW\� DQG� WKH� UDSLG� JURZWK� RI� WKH� UHDO� ZRUOG� KHDOWKFDUH�
FKDOOHQJLQJ� DSSOLFDWLRQV� PDNH� LW� KDUG� WR� LQGXFH� WKH� GDWDEDVH� DGPLQLVWUDWLYH� VWDII�� 7R� EXLOG� DQ�
LQWHJUDWHG� ZHE� GDWD� VHUYLFHV� WKDW� VDWLVILHV� IDVW� UHVSRQVH� WLPH� IRU� ODUJH� VFDOH� 7HOH�KHDOWK� GDWDEDVH�
PDQDJHPHQW� V\VWHPV�� 2XU� IRFXV� ZLOO� EH� RQ� GDWDEDVH� PDQDJHPHQW� ZLWK� DSSOLFDWLRQ� VFHQDULRV� LQ�
G\QDPLF� WHOHPHGLFLQH� V\VWHPV� WR� LQFUHDVH� FDUH� DGPLVVLRQV� DQG� GHFUHDVH� FDUH� GLIILFXOWLHV� VXFK� DV�
GLVWDQFH�� WUDYHO�� DQG� WLPH� OLPLWDWLRQV�� � 7KUHH�IROG� DSSURDFK� EDVHG� RQ� GDWD� IUDJPHQWDWLRQ�� GDWDEDVH�
ZHEVLWHV� FOXVWHULQJ� DQG� LQWHOOLJHQW� GDWD� GLVWULEXWLRQ�� 7KLV� DSSURDFK� UHGXFHV� WKH� DPRXQW� RI� GDWD�
PLJUDWHG� EHWZHHQ�ZHEVLWHV� GXULQJ� DSSOLFDWLRQV¶� H[HFXWLRQ�� DFKLHYHV� FRVW�HIIHFWLYH� FRPPXQLFDWLRQV�
GXULQJ� DSSOLFDWLRQV¶� SURFHVVLQJ� DQG� LPSURYHV� DSSOLFDWLRQV¶� UHVSRQVH� WLPH� DQG� WKURXJKSXW�� 7KH�
SURSRVHG�DSSURDFK�LV�YDOLGDWHG�LQWHUQDOO\�E\�PHDVXULQJ�WKH�LPSDFW�RI�XVLQJ�RXU�FRPSXWLQJ�VHUYLFHV¶�
WHFKQLTXHV�RQ�YDULRXV�SHUIRUPDQFH�IHDWXUHV�OLNH�FRPPXQLFDWLRQV�FRVW��UHVSRQVH�WLPH��DQG�WKURXJKSXW��
7KH�H[WHUQDO�YDOLGDWLRQ� LV�DFKLHYHG�E\�FRPSDULQJ� WKH�SHUIRUPDQFH�RI�RXU� DSSURDFK� WR� WKDW�RI�RWKHU�
WHFKQLTXHV�LQ�WKH�OLWHUDWXUH��
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1RZDGD\V��PRELOH�GHYLFHV�KDYH�EHFRPH�D�XELTXLWRXV�PHGLXP�VXSSRUWLQJ�YDULRXV�IRUPV�RI�
IXQFWLRQDOLW\�DQG�DUH�ZLGHO\�DFFHSWHG�IRU�FRPPRQV��,Q�WKLV�VWXG\��ZH�LQYHVWLJDWH�XVLQJ�:L�)L�ORJV�
IURP�D�PRELOH�GHYLFH�WR�GLVFRYHU�XVHU�SUHIHUHQFHV��7KH�FRUH�LGHDV�DUH�WZR IROGV��)LUVW��HYHU\�:L�)L�
DFFHVV�SRLQW�LV�ZLWK�D�QHWZRUN�QDPH��QRUPDOO\�D�KXPDQ�UHDGDEOH�VWULQJ��FDOOHG�66,'��6HUYLFH�6HW�
,GHQWLILHU���6LQFH�66,'V�DUH�RIWHQ�ZLWK�VHPDQWLFV��IURP�ZKLFK�ZH�FDQ�LQIHU�WKH�SODFH�ZKHUH�WKH�XVHU�
VWD\HG��6HFRQG��D�:L�)L�ORJ�LV�SURGXFHG�ZKHQ�WKH�XVHU�LV�QHDU�D�:L�)L�DFFHVV�SRLQW��$�KLJK�IUHTXHQF\�
RI�D�FRQVHFXWLYHO\�REVHUYHG�66,'�LPSOLHV�D�ORQJ�VWD\�GXUDWLRQ�DW�D�SODFH��7R�WKH�EHVW�RI�RXU�
NQRZOHGJH��RXU�ZRUN�LV�WKH�ILUVW�DWWHPSWLQJ�WR�XQGHUVWDQG�XVHUV�IURP�WKH�FROOHFWHG�:L�)L�ORJV�IURP�
PRELOH�GHYLFHV��+RZHYHU��:L�)L�ORJV�DUH�HVVHQWLDOO\�RI�YDULRXV�LQIRUPDWLRQ�W\SHV�DQG�ZLWK�QRLVHV��
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7KH� TXLFN� UHVSRQVH� �45�� FRGH� ZDV� GHVLJQHG� IRU� VWRUDJH� LQIRUPDWLRQ� DQG� KLJK�VSHHG� UHDGLQJ
DSSOLFDWLRQV��,Q�WKLV�SDSHU��ZH�SUHVHQW�D�QHZ�ULFK�45�FRGH�WKDW�KDV�WZR�VWRUDJH�OHYHOV�DQG�FDQ�EH�XVHG�
IRU� GRFXPHQW� DXWKHQWLFDWLRQ�� 7KLV� QHZ� ULFK� 45� FRGH�� QDPHG� WZR�OHYHO� 45� FRGH�� KDV� SXEOLF� DQG�
SULYDWH�VWRUDJH�OHYHOV��7KH�SXEOLF�OHYHO�LV�WKH�VDPH�DV�WKH�VWDQGDUG�45�FRGH�VWRUDJH�OHYHO��WKHUHIRUH��LW�
LV� UHDGDEOH� E\� DQ\� FODVVLFDO�45�FRGH� DSSOLFDWLRQ��7KH� SULYDWH� OHYHO� LV� FRQVWUXFWHG� E\� UHSODFLQJ� WKH�
EODFN�PRGXOHV�E\� VSHFLILF� WH[WXUHG�SDWWHUQV�� ,W� FRQVLVWV� RI� LQIRUPDWLRQ�HQFRGHG�XVLQJ�ZLWK� DQ� HUURU�
FRUUHFWLRQ FDSDFLW\�� 7KLV� DOORZV� XV� QRW� RQO\� WR� LQFUHDVH� WKH� VWRUDJH� FDSDFLW\� RI� WKH�45� FRGH�� 7KH�
SDWWHUQ�UHFRJQLWLRQ�PHWKRG�WKDW�ZH�XVH�WR�UHDG�WKH�VHFRQG�OHYHO�LQIRUPDWLRQ�FDQ�EH�XVHG�LQ�D�SULYDWH�
PHVVDJH�VKDULQJ��7KH�VWRUDJH�FDSDFLW\�FDQ�EH�VLJQLILFDQWO\�LPSURYHG E\�LQFUHDVLQJ�WKH�FRGH�DOSKDEHW�
T� RU� E\� LQFUHDVLQJ� WKH� WH[WXUHG�SDWWHUQ� VL]H��7KH� H[SHULPHQWDO� UHVXOWV� VKRZ�D� SHUIHFW� UHVWRUDWLRQ�RI�
SULYDWH�LQIRUPDWLRQ�
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,�<U
0,1,1*�48(5,(6�$63(&76�5(3($7('/<

)520�7+(,5�6($5&+�5(68/76

7R� DGGUHVV� WKH� LVVXH� RI� GLVFRYHULQJ� TXHVWLRQ� DVSHFWV� ZKLFK� DUH� YDULRXV� JDWKHULQJV� RI� ZRUGV� RU�
H[SUHVVLRQV� WKDW� FODULILHV� DQG� FRPSUHVVHV� WKH� VXEVWDQFH� VHFXUHG� E\� DQ� LQTXLU\��:H� DFFHSW� WKDW� WKH�
LPSHUDWLYH�SDUWV�RI�DQ� LQTXLU\�DUH� W\SLFDOO\� LQWURGXFHG� DQG� UHKDVKHG� LQ� WKH�TXHVWLRQ
V� WRS�UHFRYHUHG�
UHFRUGV� LQ� WKH� VW\OH� RI� UHFRUGV�� DQG� TXHVWLRQ� DVSHFWV� FDQ� EH� PLQHG� RXW� E\� FROOHFWLQJ� WKHVH� KXJH�
UHFRUGV��:H� SURSRVH� D� GHOLEHUDWH� DUUDQJHPHQW��ZKLFK�ZH� DOOXGH� WR� DV�4'0LQHU�� WR� QDWXUDOO\�PLQH�
TXHVWLRQ�DVSHFWV�E\�H[WULFDWLQJ�DQG�JDWKHULQJ�LQFHVVDQW�UHFRUGV�IURP�IUHH�FRQWHQW��+70/�ODEHOV��DQG�
UHKDVK� DUHDV� LQVLGH� WRS� LQGH[HG� OLVWV�� 7ULDO� UHVXOWV� GHPRQVWUDWH� WKDW� FRXQWOHVV� GR� H[LVW� DQG� KHOSIXO�
LQTXLU\�IHDWXUHV�FDQ�EH�PLQHG�E\�4'0LQHU��:H�SURPRWH�LQYHVWLJDWH�WKH�LVVXH�RI�UXQGRZQ�GXSOLFDWLRQ��
DQG� GLVFRYHU� EHWWHU� TXHVWLRQ� DVSHFWV� FDQ� EH�PLQHG� E\� GLVSOD\LQJ� ILQH�JUDLQHG� VLPLOLWXGH¶V� DPRQJVW�
UHFRUGV�DQG�SXQLVKLQJ�WKH�FRSLHG�UHFRUGV�

6$7+,6+�.80$5�6��9,-$<�.80$5�0
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&ORXG�FRPSXWLQJ�LV�D�PRGHO�IRU�HQDEOLQJ�XELTXLWRXV�QHWZRUN�DFFHVV WR�D�VKDUHG�SRRO�RI�FRQILJXUDEOH�
FRPSXWLQJ�UHVRXUFHV��,W�SURYLGHV�XVHUV�DQG�HQWHUSULVHV�ZLWK�YDULRXV�FDSDELOLWLHV�WR�VWRUH�DQG�SURFHVV�
WKHLU�GDWD�LQ�WKLUG�SDUW\�GDWD�FHQWUHV��$W�WKH�IRXQGDWLRQ�RI FORXG�FRPSXWLQJ�LV�WKH�EURDGHU�FRQFHSW�RI�
FRQYHUJHG� LQIUDVWUXFWXUH�DQG�VKDUHG�VHUYLFHV�� ,W�SURYLGHV YDULHW\�RI�FRPSXWLQJ�UHVRXUFH�IURP�VHUYHU�
VXFK�DV�HPDLO� VHFXULW\��EDFNXS� DOO�GHOLYHUHG�IURP�WKH�LQWHUQHW�

.$9,35,<$�.
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7KLV�SDSHU�GHVFULEHV� WKH�FRQFHSW�RI�FORXG�FRPSXWLQJ�DQG� WKH�NH\�FKDUDFWHULVWLFV�SRVVHVVHG�E\� LW�� ,W�
DOVR� H[SODLQV� WKH� VWDFN� RI� WKUHH� VHUYLFHV� SURYLGHG� DQG� WKH� WHFKQRORJLHV� EHKLQG� LW� ZKLFK� LQFOXGHV�
YLUWXDOL]DWLRQ�DV�SURPLQHQW��7KLV�DOVR�RXWOLQHV�WKH�GHSOR\PHQW�PRGHOV�DQG�VHFXULW\�IHDWXUHV�SURYLGHG�
E\�LW��
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'XH�WR�WKH�LQFUHDVLQJ�DPRXQW�RI�GDWD�DYDLODEOH�RQOLQH��WKH�:RUOG�:LGH�:HE�KDV EHFRPLQJ�RQH�RI�WKH�
PRVW� YDOXDEOH� UHVRXUFHV� IRU� LQIRUPDWLRQ� UHWULHYDOV� DQG� NQRZOHGJH� GLVFRYHULHV�� :HE� PLQLQJ�
WHFKQRORJLHV�DUH� WKH� ULJKW�VROXWLRQV�IRU�NQRZOHGJH�GLVFRYHU\�RQ� WKH�:HE��7KH�NQRZOHGJH�H[WUDFWHG�
IURP� WKH� :HE� FDQ� EH� XVHG� WR� UDLVH� WKH� SHUIRUPDQFHV� IRU� :HE� LQIRUPDWLRQ� UHWULHYDOV�� TXHVWLRQ�
DQVZHULQJ�� DQG� :HE� EDVHG� GDWD� ZDUHKRXVLQJ�� ,Q� WKLV� SDSHU� ZH� SURYLGH� DQ� LQWURGXFWLRQ� RI� :HE�
PLQLQJ�DV�ZHOO�DV�D�UHYLHZ�RI�WKH�:HE�PLQLQJ�FDWHJRULHV��7KHQ�ZH�IRFXV�RQ�RQH�RI�WKHVH�FDWHJRULHV��
WKH�:HE�VWUXFWXUH�PLQLQJ��:LWKLQ�WKLV�FDWHJRU\��ZH�LQWURGXFH�OLQN�PLQLQJ�DQG�UHYLHZ�WZR�SRSXODU
PHWKRGV�DSSOLHG�LQ�:HE�VWUXFWXUH�PLQLQJ��+,76�DQG�3DJH5DQN�
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&ORXG�FRPSXWLQJ�LV�WKH�QH[W�JHQHUDWLRQ�QHWZRUNV�ZKLFK�LV�VRRQ�JRLQJ�WR�UHYROXWLRQL]H�WKH�FRPSXWLQJ�
ZRUOG�� ,W� KDV� PXFK� IOH[LELOLW\� OLNH� RQ� GHPDQG� UHVRXUFHV� DQG� VHUYLFHV� DYDLODELOLW\�� 6HFXULW\� LV� VWLOO�
FULWLFDO�FKDOOHQJH�LQ�WKH�FORXG�FRPSXWLQJ�SDUDGLJP��7KHVH�FKDOOHQJHV�LQFOXGH�XVHU¶V�VHFUHW�GDWD�ORVV��
GDWD� OHDNDJH� DQG� GLVFORVLQJ� RI� WKH� SHUVRQDO� GDWD� SULYDF\�� ,Q� WKLV� SDSHU� D� FRPSUHKHQVLYH� VXUYH\� RI�
H[LVWLQJ� OLWHUDWXUH�IRU�FORXG�FRPSXWLQJ�VHFXULW\�FKDOOHQJHV�DQG�VROXWLRQV� LV�SUHVHQWHG��$W� WKH�HQG�RI�
WKLV�SDSHU�WKH�DXWKRUV�SURSRVH�D�PRGHO�IRU�FORXG�FRPSXWLQJ�VHFXULW\�
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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� PDFUR VFDOH� 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�

3$9,7+5$�526(/,1�0
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&RPSXWDWLRQDO�LQWHOOLJHQFH�LV�WKH�VWXG\�RI�WKH�GHVLJQ�RI�LQWHOOLJHQW�DJHQWV��$Q�DJHQW�LV�VRPHWKLQJ�WKDW�
DFWV� LQ� DQ� HQYLURQPHQW²LW� GRHV� VRPHWKLQJ�� $JHQWV� LQFOXGH� ZRUPV�� GRJV�� WKHUPRVWDWV�� DLUSODQHV��
KXPDQV��RUJDQL]DWLRQV��DQG�VRFLHW\��$Q� LQWHOOLJHQW DJHQW� LV�D�V\VWHP�WKDW�DFWV� LQWHOOLJHQWO\��:KDW�LW�
GRHV� LV� DSSURSULDWH� IRU� LWV� FLUFXPVWDQFHV� DQG� LWV� JRDO�� LW� LV� IOH[LEOH� WR� FKDQJLQJ� HQYLURQPHQWV� DQG�
FKDQJLQJ� JRDOV�� LW� OHDUQV� IURP� H[SHULHQFH�� DQG� LW� PDNHV� DSSURSULDWH� FKRLFHV� JLYHQ� SHUFHSWXDO�
OLPLWDWLRQV� DQG� ILQLWH� FRPSXWDWLRQ�� 7KH� FHQWUDO� VFLHQWLILF� JRDO� RI� FRPSXWDWLRQDO� LQWHOOLJHQFH� LV� WR�
XQGHUVWDQG�WKH�SULQFLSOHV�WKDW�PDNH�LQWHOOLJHQW�EHKDYLRU�SRVVLEOH��LQ�QDWXUDO�RU�DUWLILFLDO�V\VWHPV��7KH�
PDLQ�K\SRWKHVLV�LV�WKDW�UHDVRQLQJ�LV�FRPSXWDWLRQ��7KH�FHQWUDO�HQJLQHHULQJ�JRDO�LV�WR�VSHFLI\�PHWKRGV�
IRU�WKH�GHVLJQ�RI�XVHIXO��LQWHOOLJHQW�DUWLIDFWV�
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,PDJLQH� D� ZRUOG� ZKHUH� ELOOLRQV� RI� REMHFWV� FDQ� VHQVH�� FRPPXQLFDWH� DQG� VKDUH� LQIRUPDWLRQ�� DOO�
LQWHUFRQQHFWHG� RYHU� SXEOLF� RU� SULYDWH� ,QWHUQHW� 3URWRFRO� �,3�� QHWZRUNV��7KHVH� LQWHUFRQQHFWHG� REMHFWV�
KDYH�GDWD�UHJXODUO\�FROOHFWHG��DQDO\]HG�DQG�XVHG�WR�LQLWLDWH�DFWLRQ��SURYLGLQJ�D�ZHDOWK�RI�LQWHOOLJHQFH�
IRU�SODQQLQJ��PDQDJHPHQW� DQG�GHFLVLRQ�PDNLQJ��7KLV� LV� WKH�ZRUOG�RI� WKH� ,QWHUQHW�RI�7KLQJV� �,27����
7KH�,27�FRQFHSW�ZDV�FRLQHG�E\�D�PHPEHU�RI WKH�5DGLR�)UHTXHQF\�,GHQWLILFDWLRQ��5),'��GHYHORSPHQW�
FRPPXQLW\�LQ�������DQG�LW�KDV�UHFHQWO\�EHFRPH�PRUH�UHOHYDQW�WR�WKH�SUDFWLFDO�ZRUOG�ODUJHO\�EHFDXVH�
RI�WKH�JURZWK�RI�PRELOH�GHYLFHV��HPEHGGHG�DQG�XELTXLWRXV�FRPPXQLFDWLRQ��FORXG�FRPSXWLQJ�DQG�GDWD�
DQDO\WLFV���
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&RQILGHQFH

<RXU�EHDXW\�QHHGV

1R�FRQILUPDWLRQ

6R�VWRS�VHDUFKLQJ

)RU�H[WHULRU��YDOLGDWLRQ

-XVW�ORRN�ZLWKLQ�\RXU�VHOI

$QG�JHW�IDPLOLDU

%HFDXVH EHKLQG�WKH

(QKDQFHPHQWV�DQG�ILOWHUV

<RXU�LPSHUIHFWLRQ

:LOO�UHPDLQ

%XW�\RX�PXVW�ORYH�\RXUVHOI

-XVW�WKH�VDPH
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%LUG�6RQJ

$�GHOLFDWH�IDEULF�RI�ELUG�VRQJ
)ORDWV�LQ�WKH�DLU�

7KH�VPHOO�RI�ZHW�ZLOG�HDUWK
,V�HYHU\ZKHUH�

5HG�VPDOO�OHDYHV�RI�WKH�PDSOH
$UH�FOHQFKHG�OLNH�D�KDQG�

/LNH�JLUOV�DW�WKHLU�ILUVW�FRPPXQLRQ
7KH�SHDU�WUHHV�VWDQG�

2K�,�PXVW�SDVV�QRWKLQJ�E\
:LWKRXW�ORYLQJ�LW�PXFK�

7KH�UDLQGURS�WU\�ZLWK�P\�OLSV�
7KH�JUDVV�ZLWK�P\�WRXFK�
)RU�KRZ�FDQ�,�EH�VXUH

,�VKDOO�VHH�DJDLQ
7KH�ZRUOG�RQ�WKH�ILUVW�RI�0D\

6KLQLQJ�DIWHU�WKH�UDLQ"
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3URFUDVWLQDWLRQ

3URFUDVWLQDWLRQ�LV�P\�VLQ�
,W�EULQJV�PH�QDXJKW�EXW�VRUURZ�
,�NQRZ�WKDW�,�VKRXOG�VWRS�LW�
,Q�IDFW��,�ZLOO�± WRPRUURZ�
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7RQLJKW¶V�'HFHPEHU�WKLUW\�ILUVW�
6RPHWKLQJ�LV�DERXW�WR�EXUVW�

7KH�FORFN�LV�FURXFKLQJ��GDUN�DQG�VPDOO�
/LNH�D�WLPH�ERPE�LQ�WKH�KDOO�

+DUN��LW¶V�PLGQLJKW��FKLOGUHQ�GHDU�
'XFN��+HUH�FRPHV�DQRWKHU�\HDU�
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