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'(3$570(17�2)�&20387(5�6&,(1&(�	�(1*,1((5,1*:H�DUH� JODG� WR� EULQJ� RXW� WKH� ,VVXH� �� RI� 9RO�� �� RI� RXU� H1HZVOHWWHU�7(&+.1$&.��
&DUU\LQJ�IRUZDUG�RXU�DJHQGD�RI�LQIRUPDWLRQ�FOXEEHG�ZLWK�HQWHUWDLQPHQW��WKLV�LVVXH�
IHDWXUHV� YDULHW\� RI� QHZV� DQG� VRIW� IHDWXUHV�� 7KLV� LVVXH� DGGUHVVHV� QHZ� MRLQLQJ��
GHSDUWPHQWDO� DFWLYLWLHV�� IDFXOW\� DFKLHYHPHQWV�� VWXGHQW� DFKLHYHPHQWV� DQG� QHZ�
WHFKQRORJLHV�WKDW�FDPH�LQWR�H[LVWHQFH��

,� UHDOO\� DSSUHFLDWH� WKH� HɣRUWV� GRQH� E\� (U�� $PDQ� $JUDZDO�� $VVW�� 3URIHVVRU� DQG���������������
0U���*RYLQG�5DP���3URJUDPPHU�FXP�7HFKQLFDO��$VVLVWDQW��

7HFKNQDFN� LV� WKDQNIXO� WR�DOO�ZKR� FRQWULEXWHG� WR� WKLV� LVVXH��:H�DUH� HTXDOO\� RSHQ� WR�
FRPPHQWV��FULWLFLVP�DQG�VXJJHVWLRQV�WR�PDNH�LW�PRUH�LQIRUPDWLYH�
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$ERXW�&6(�'HSDUWPHQW

7KH�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�	�(QJLQHHULQJ�DW�*/�%DMDM�*URXS�
RI�,QVWLWXWLRQV��0DWKXUD�ZDV�HVWDEOLVKHG�LQ�WKH�\HDU������ZLWK�D�YLVLRQ�WR�
KHOS�WKH�,7�ERRP�DQG�IXO¿OO�WKH�QHHG�RI�G\QDPLF�6RIWZDUH�(QJLQHHUV�
JOREDOO\��6LQFH�WKHQ��HVSHFLDOO\�LQ�WKH�ODVW�WHQ�\HDUV�RI�WKH�,7�UHYROXWLRQ��
WKH�GHSDUWPHQW�KDV�WDNHQ�ORQJ�VWULGHV�DQG�LV�QRZ�DPRQJ�RQH�RI�WKH�EHVW�
GHSDUWPHQW�LQ�WKH�FROOHJH��7KH�'HSDUWPHQW�DLPV�WR�QXUWXUH�VWXGHQWV�LQ�
WHUPV�RI�PRGHUQ�FRPSXWHU�WHFKQLTXHV�DQG�WR�SUHSDUH�WKHP��WR�FRSH�ZHOO�
ZLWK�WKH�WHFKQLFDO�DGYDQFHPHQWV�LQ�IXWXUH��&RPSXWHU�6FLHQFH�EHLQJ�WKH�
ÀDJVKLS� EUDQFK� RI� (QJLQHHULQJ� WDNHV� IRFXV� LQ� VFLHQWL¿F� UHVHDUFK��
VFLHQWL¿F�SURJUDPPLQJ�DQG�VRIWZDUH�HQJLQHHULQJ�
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��1HZ�-RLQLQJV�� ��'HSDUWPHQWDO�$FWLYLWLHV��

)RXU�WHDFKLQJ�VWDɣV�MRLQHG�WKH�GHSDUWPHQW�
'HSDUWPHQW�RI�&6(�ZHOFRPHV�(U��6RQLND��'U��.DQWD�3UDVDG�6KDUPD���(U��6DQWRVK�6ZDUQNDU��(U��-D\DWL�.ULVKQD�
*RVZDPL���MRLQHG�DV�$VVLVWDQW�3URIHVVRU��

(U�� 6RQLND� KDV� GRQH� KHU� %�7HFK� LQ� &RPSXWHU� 6FLHQFH� (QJLQHHULQJ� DQG�0�7HFK�� LQ�
&RPSXWHU�6FLHQFH�DQG�(QJLQHHHULQJ��+HU�DUHD�RI�VSHFLDOL]DWLRQ�LV�&\EHU�6HFXULW\��6KH�LV�
KDYLQJ���\HDUV�H[SHULHQFH�LQ�FRUSRUDWH�DQG�WHDFKLQJ�
�
'U��.DQWD�3UDVDG�6KDUPD�KDV�D�ULFK�H[SHULHQFH�RI�PRUH�WKDQ����\HDUV�DV�DQ�LQQRYDWLYH�
DFDGHPLFLDQ�'U��6KDUPD�KDV�3K�'��LQ�&6(�IURP�$PLW\�8QLYHUVLW\�	�0DVWHU�IURP�8378�� � ���8WWDU�3UDGHVK�

7HFKQLFDO�8QLYHUVLW\��/XFNQRZ��,QGLD���+H�KDV�SXEOLVKHG�����UHVHDUFK�SDSHUV�LQ�ZLWK�6&,�	�
6&2386�LQGH[LQJ�LQWHUQDWLRQDO�-RXUQDOV�DQG�&RQIHUHQFH�3URFHHGLQJV�DQG�DOVR�WKH�0HPEHU�
RI��$&0��&RPSXWHU�6RFLHW\�RI�,QGLD��,(((���+H�KDV�EHHQ�HQJDJHG�DV�IDFXOW\�JXLGH�IRU�PRUH�
WKDQ����XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQWV�DQG�DOVR�VXSHUYLVLQJ�¿YH�0�7HFK�VWXGHQWV��+H�
KDV�UHFHLYHG�WKH�EHVW�UHVHDUFK�SDSHU�DZDUG�DW�LQWHUQDWLRQDO�FRQIHUHQFHV��,QQRYDWLYH�7HDFKHU�
$ZDUG��������

(U��6DQWRVK�.XPDU�6ZDUQNDU��0��7HFK����&6�IURP�5*39��%KRSDO��+H�KDV�FRPSOHWHG�
P\�%��7HFK����,7�IURP�8378��/XFNQRZ��6LQFH�VHVVLRQ����������+H�LV�UHJXODU�LQ�WHDFKLQJ�
SURIHVVLRQ�DQG� �KDYH� WDXJKW�VR�PDQ\�UHSXWHG�(QJLQHHULQJ�&ROOHJHV�DQG�8QLYHUVLWLHV��
VRPH�RI�WKHP�DUH�.,(7�*URXS��*KD]LDEDG��6*,�*URXS��$JUD��*/$�8QLYHUVLW\��0DWKXUD�
HWF��&XUUHQWO\�ZRUNLQJ�LQ�*/�%DMDM�*URXS��0DWKXUD�DV�$VVLVWDQW�3URIHVVRU�LQ�&6(�'HSWW��
$UHDV�RI�LQWHUHVW�DUH�'DWD�6WUXFWXUH��'$$��'%06��26�DQG�&2$�

-D\DWL�.ULVKQD�*RVZDPL�KDV�GRQH�KLV�0�7HFK�DQG�%�WHFK�
LQ� &RPSXWHU� 6FLHQFH� DQG� (QJLQHHULQJ�� +LV� DUHD� RI�
VSHFLDOL]DWLRQ�LQ�'LJLWDO�,PDJH�3URFHVVLQJ�DQG�&RPSXWHU�
9LVLRQ��'XULQJ� KLV�0�WHFK� FRXUVH�� KH� KDV� GRQH� UHVHDUFK�
ZRUN�RQ�)DFLDO�([SUHVVLRQ�5HFRJQLWLRQ�6\VWHP�

� �

%DUFOD\V�7UDLQLQJ�
3URJUDP

�� GD\V� WUDLQLQJ� SURJUDP� KDV�
EHHQ� FRQGXFWHG� E\� %DUFOD\V�
IRU� GHYHORSLQJ� VRIW� VNLOOV�
DPRQJ�VWXGHQWV�

7UDLQLQJ�DQG�,QWHUYLHZV�RI�VWXGHQWV�
DUH� DOVR� FRQGXFWHG� WKURXJK� YLGHR�
FRQIHUHQFLQJ�E\�H[SHUWV�IURP�
%DUFOD\V�WUDLQLQJ�FHQWHU�

7HFKQRWVDY�����

$QQXDO� WHFKQLFDO� IHVW� XQGHU�
WKH� DHJLV� RI� 7(&+12:$9(�
6RFLHW\�RI�&6(�GHSDUWPHQW�KDV�
FRQGXFWHG�RQ� ���2FW�� ����� DW�
,QVWLWXWH�OHYHO��

6WXGHQWV� KDYH� SDUWLFLSDWHG� ZLWK�
HQWKXVLDVP�LQ�IROORZLQJ�HYHQWV�
���7HFKQLFDO�3RVWHU
���-XVW�D�0LQXWH
���7HFKQLFDO�4XL]
���+HFNWKRQ
���3XE*�*DPH

���'HSDUWPHQWDO�$FWLYLWLHV��

�6XPPHU�3'3�7UDLQLQJ��

3HUVRQDOLW\�GHYHORSPHQW�
SURJUDP�KDV�EHHQ�

RUJDQL]HG�LQ�VXPPHU�IRU�
RYHUDOO�GHYHORSPHQW�RI�

VWXGHQWV��



��'HSDUWPHQWDO�$FWLYLWLHV��

��6WXGHQW�$FKLHYHPHQWV��

y 6DKLO�.XPDU�KDV�JRW�,VW�SRVLWLRQ�LQ�
����PWV�5DFH�DW�'U��$EGXO�.DODP�
6SRUWV�)HVW����������$JUD�=RQH���

y 'HHSD�*&�KDV�JRW��UG�SRVLWLRQ�LQ�
����PWV�5DFH��*LUOV��DW�'U��$EGXO�
.DODP�6SRUWV�)HVW����������$JUD�
=RQH���

y 6KXEKL�-RKUL�KDV�JRW��UG�SRVLWLRQ�LQ�
-DYHOLQ�7KURZ��*LUOV��DW�'U��$EGXO�
.DODP�6SRUWV�)HVW����������$JUD�
=RQH���

y 6DKLO�.XPDU�KDV�JRW��QG�SRVLWLRQ�
LQ� ���� PWV� 5DFH� DW� 'U�� $EGXO�
.DODP�6SRUWV�)HVW����������$JUD�
=RQH���

y 'HHSD�*&�KDV�JRW��QG�SRVLWLRQ�LQ�
����PWV�5DFH��*LUOV��DW�'U��$EGXO�
.DODP�6SRUWV�)HVW����������$JUD�
=RQH��

� �

�,QGXVWULDO�9LVLW��

�7HDFKHU¶V�'D\�&HOHEUDWLRQ��

�$OXPQL�&RQQHFW�3URJUDP�

6WXGHQWV� KDYH� SDUWLFLSDWHG� DQG� ZLQ�
WKH� SUL]HV� LQ� GL൵HUHQW� HYHQWV� LQ�
LQVWLWXWH�OHYHO�IHVW�7HFKQRWVDY�����
�
7HFKQLFDO�3RVWHU�
8WNDUVK�6D[HQD���������������VW

-XVW�D�0LQXWH
�.UDWDJ\D�$JUDZDO����������VW
�0DGKDYDP�6D[HQD���������QG

7HFKQLFDO�4XL]
6KLYDQJ�6KDKD����������������VW

+HFNWKRQ
3UDIXOO�$JUDZDO��������������VW
9LYHN������������������������������QG
3DQNDM�����������������������������UG

3XE*�*DPH
$GLW\D�5DMDZDW������������,VW
6XPLW�.XPDU���������������,VW

�����SDVVRXW�
VWXGHQWV�(U��3D\DO�
.XPDUL��(U��.XQDO�
0HKWD��(U��0DGKXUL�
*R\DO��(U��5DKXO�
*DXU�DQG�(U��

6KXEKDQVKL�6LQJK�
DW�&6(�'HSDUWPHQW�
RQ���1RY�������

�UG�\HDU�
VWXGHQWV�

KDYH�
YLVLWHG�

1HWZRUN�
%XOOV�DW�

*XUJUDP��
+DU\DQD�

6SRUWV�)HVW��������� 7HFKQRWVDY������

y (U��6DQMLY�$JUDZDO�KDV�VXFFHVVIXOO\�FRPSOHWHG����ZHHNV�)'3�RQ�³7KH�-R\�RI�
&RPSXWLQJ�8VLQJ�3\WKRQ´�IURP�137(/�LQ�(OLWH�*URXS���)HE��������0D\������

y (U��$PDQ�$JUDZDO�KDV�DWWHQGHG���GD\V�)'3�RQ�³,QWURGXFWLRQ�WR�3URJUDPPLQJ��
$�3HGDJRJLFDO��$SSURDFK´�DW�,,7�.DQSXU���0D\������

y (U��0RKG��$DPLU�.KDQ�KDV� DWWHQGHG� �� GD\V�)'3� RQ� ³'DWD�$QDO\WLFV�ZLWK�
3\WKRQ´�DW�,,7�.DQSXU���6HSW�������

��)DFXOW\�$FKLHYHPHQWV��



%,*�'$7$�$1$/<7,&6

%LJ� 'DWD� UHSUHVHQWV� D� QHZ� HUD� LQ� GDWD�
H[SORUDWLRQ� DQG� XWLOL]DWLRQ�� DQG� ,%0� LV�
XQLTXHO\�SRVLWLRQHG� WR�KHOS� FOLHQWV�QDYLJDWH�

WKLV� WUDQVIRUPDWLRQ�� 7KLV� ERRN� UHYHDOV� KRZ�
,%0� LV� OHYHUDJLQJ� RSHQ� VRXUFH� %LJ� 'DWD�
WHFKQRORJ\�� LQIXVHG�ZLWK� ,%0� WHFKQRORJLHV��
WR�GHOLYHU�D�UREXVW��VHFXUH��KLJKO\�DYDLODEOH��
HQWHUSULVH�FODVV�%LJ�'DWD�SODWIRUP��7KH�WKUHH�
GH¿QLQJ�FKDUDFWHULVWLFV�RI�%LJ�'DWD��YROXPH��
YDULHW\��DQG�YHORFLW\��DUH�GLVFXVVHG��
7RROV
y �$SDFKH�+DGRRS
y �&'+��&ORXGHUD�'LVWULEXWLRQ�IRU�+DGRRS�
y �&DVVDQGUD
y �.QLPH
y �'DWDZUDSSHU
y �0RQJR'%
y �/XPLI\
y �+3&&
y �6WRUP
y �$SDFKH�6$02$
y �7DOHQG
y �5

%,2�,1)250$7,&6
%LRLQIRUPDWLFV�� D� K\EULG� VFLHQFH� WKDW� OLQNV�
ELRORJLFDO � GDWD � ZLWK � WHFKQLTXHV � IRU�
LQIRUPDWLRQ�VWRUDJH��GLVWULEXWLRQ��DQG�DQDO\VLV�
WR� VXSSRUW� PXOWLSOH� DUHDV� RI� VFLHQWL¿F�
U H V H D U F K � � L Q F O X G L Q J � E L RPHG L F L Q H ��
%LRLQIRUPDWLFV� LV� IHG� E\� KLJK�WKURXJKSXW�
GDWD�JHQHUDWLQJ� H[SHULPHQWV�� LQFOXGLQJ�
JHQRPLF� VHTXHQFH� GHWHUPLQDWLRQV� DQG�

PHDVXUHPHQWV�RI�JHQH�H[SUHVVLRQ�SDWWHUQV��
'DWDEDVH�SURMHFWV�FXUDWH�DQG�DQQRWDWH�WKH�
GDWD� DQG� WKHQ� GLVWULEXWH� LW� YLD� WKH�:RUOG�
:LGH� :HE�� 0LQLQJ� WKHVH� GDWD� OHDGV� WR�
V F L HQ W L¿F � G L VFRYH U L H V � DQG � WR � WKH�
LGHQWL¿FDWLRQ�RI�QHZ�FOLQLFDO�DSSOLFDWLRQV�

48$1780�&20387,1*�
7KH�VXEMHFW�RI�TXDQWXP�FRPSXWLQJ�EULQJV�
WRJHWKHU� LGHDV� IURP� FODVVLFDO� LQIRUPDWLRQ�
WKHRU\�� FRPSXWHU� VFLHQFH�� DQG� TXDQWXP�
SK\V LFV � � 7K L V�
UHYLHZ� DLPV� WR�
VXPPDUL]H� QRW�
M X V W � TXDQ W XP�
FRPSXWLQJ�� EXW�
W K H � Z K R O H�
V X E M H F W � R I�
T X D Q W X P�
L Q I R U P D W L R Q�
WKHRU\��,QIRUPDWLRQ�FDQ�EH�LGHQWL¿HG�DV�WKH�
PRVW�JHQHUDO�WKLQJ�ZKLFK�PXVW�SURSDJDWH�
IURP�D�FDXVH�WR�DQ�H൵HFW��,W�WKHUHIRUH�KDV�D�
IXQGDPHQWDOO\�LPSRUWDQW�UROH�LQ�WKH�VFLHQFH�
RI� SK\VLFV�� +RZHYHU�� WKH� PDWKHPDWLFDO�
WUHDWPHQW� RI� LQIRUPDWLRQ�� HVSHFLDOO\�
LQIRUPDWLRQ� SURFHVVLQJ�� LV� TXLWH� UHFHQW��
GDWLQJ�IURP�WKH�PLG���WK�FHQWXU\��7KLV�KDV�
PHDQW� WKDW� WKH� IXOO� VLJQL¿FDQFH� RI�
LQIRUPDWLRQ�DV�D�EDVLF�FRQFHSW�LQ�SK\VLFV�LV�
RQO\� QRZ� EHLQJ� GLVFRYHUHG�� 7KLV� LV�
HVSHFLDOO\�WUXH�LQ�TXDQWXP�PHFKDQLFV�

� �

��/DWHVW�7UHQGV�	�7HFKQRORJLHV��

&<%(5�3+<6,&$/�6<67(0
7KH� YLVLRQ� RI� &\EHU�3K\VLFDO� 6\VWHP� �&36�� LV� WKDW� RI� RSHQ��
XELTXLWRXV� V\VWHPV� RI� FRRUGLQDWHG� FRPSXWLQJ� DQG� SK\VLFDO�
HOHPHQWV�ZKLFK�LQWHUDFWLYHO\�DGDSW�WR�WKHLU�FRQWH[W��DUH�FDSDEOH�RI�
OHDUQLQJ�� G\QDPLFDOO\� DQG� DXWRPDWLFDOO\� UHFRQ¿JXUH� WKHPVHOYHV�
DQG� FRRSHUDWH�ZLWK� RWKHU� &36� �UHVXOWLQJ� LQ� D� FRPSRXQG�&36���
SRVVHVV� DQ� DGHTXDWH�PDQ�PDFKLQH� LQWHUIDFH�� DQG� IXO¿O� VWULQJHQW�
VDIHW\��VHFXULW\�DQG�SULYDWH�GDWD�SURWHFWLRQ�UHJXODWLRQV�
1RZDGD\V�&36�DUH�EHLQJ�FRQFHLYHG�DQG�FKDQFHV�DUH�KLJK�WKDW�WKH\�
ZLOO�EH�ZLGHO\�XVHG�LQ�WKH�QHDU�IXWXUH�
$�¿UVW�VWHS�WRZDUGV�&36�LV�JLYHQ�E\�QHWZRUNHG�HPEHGGHG�V\VWHPV�
ZKRVH� RSHUDWLRQV� DUH� PRQLWRUHG�� FRRUGLQDWHG�� FRQWUROOHG� DQG�
LQWHJUDWHG�E\�D�GLVWULEXWHG�FRPSXWLQJ�DQG�FRPPXQLFDWLRQ�FRUH��&36�SRWHQWLDOO\�FDQ�FKDQJH�WKH�
ZD\� LQGLYLGXDOV� DQG� RUJDQLVDWLRQV� LQWHUDFW� ZLWK� DQG� FRQWURO� WKH� SK\VLFDO� ZRUOG�� DQG� EH� DV�
UHYROXWLRQDU\�DV�WKH�LQWHUQHW�WHFKQRORJ\�ZDV�DQG�VWLOO�LV��7KH�WUDQVLWLRQ�RI�HFRQRP\�DQG�VRFLHW\�
VHHPV� LQH[RUDEOH� DQG� GLVUXSWLYHO\� OHDGV� WR� YDOXH�DGGHG� FKDLQV� DQG� HFRQRPLF� HFRV\VWHPV�
VSDQQLQJ�RYHU�GLYHUVH�GRPDLQV�

9,578$/�5($/,7<
7KH�YLUWXDO�UHDOLW\�VXUJLFDO�VLPXODWRU�VLJQDOV�WKH�EHJLQQLQJ�RI�DQ�HUD�RI�
FRPSXWHU�VLPXODWLRQ�IRU�VXUJHU\��7KH�VXUJLFDO�UHVLGHQW�RI�WKH�IXWXUH�ZLOO�
OHDUQ� QHZ� SHUVSHFWLYHV� RQ� VXUJLFDO� DQDWRP\� DQG� UHSHDWHGO\� SUDFWLFH�
VXUJLFDO�SURFHGXUHV�XQWLO�WKH\�DUH�SHUIHFW�EHIRUH�SHUIRUPLQJ�VXUJHU\�RQ�
SDWLHQWV�� 3ULPLWLYH� WKRXJK� WKHVH� LQLWLDO� VWHSV� DUH�� WKH\� UHSUHVHQW� WKH�
IRXQGDWLRQ�IRU�DQ�HGXFDWLRQDO�EDVH�WKDW�ZLOO�EH�DV�LPSRUWDQW�WR�VXUJHU\�DV�
WKH� ÀLJKW� VLPXODWRU� LV� WR� DYLDWLRQ�� ,W� LV� DQWLFLSDWHG� WKDW� WKH� IXOO�
GHYHORSPHQW�RI�WKH�VXUJLFDO�VLPXODWRU�ZLOO�WDNH�OHVV�WKDQ�WKH����\HDUV�ZKLFK�ZDV�UHTXLUHG�IRU�ÀLJKW�
VLPXODWRUV�WR�EHFRPH�DQ�LQGLVSHQVDEOH�LQJUHGLHQW�RI�SLORW�WUDLQLQJ��$V�WKH�V\VWHP�HYROYHV��PDQ\�
QHZ�DQG�\HW�WR�EH�LPDJLQHG�DSSOLFDWLRQV�ZLOO�DULVH��EXW�ZH�PXVW�KDYH�XQGHUVWDQGLQJ�DQG�SDWLHQFH�
DV�ZH�ZDLW�IRU�FRPSXWHU�SRZHU�WR�LPSURYH�WR�D�SRLQW�ZKHUH�95�VXUJLFDO�VLPXODWLRQ�FDQ�HPHUJH�
IURP�LWV�3DF0DQ�HUD�

��6WXGHQW�$FKLHYHPHQWV��
5(6($5&+�38%/,&$7,21
y 'HHSDQVKX�HW�DO��³$QDO\VLV�RI�XVHU�EHKDYLRXU�RQ�0LFUREORJJLQJ�6LWH�XVLQJ�

D�7RSLF´�LQ�$GYDQFHG�0DFKLQH�/HDUQLQJ�7HFKQRORJLHV�DQG�$SSOLFDWLRQV�
�$0/7$���������$FFHSWHG�
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