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5DSLG� 3URWRW\ SLQJ ���
' HYHORSP HQW�	� ' HSOR\ P HQW�

RI�+LJ K� 3HUIRUP DQFH�6FLHQWLILF�$ SSOLFDWLRQV�
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7KH�P S� �� 4 XDVFDGH�
SODWIRUP ���
' HYHORSP HQW��' HSOR\ P HQW�	�
( [ HFXWLRQ�RI�+3&�DSSOLFDWLRQV�
*HQYHD�%LRVFLHQFHV�RIIHUV�D�SODWIRUP�FDOOHG�03� �WR�
DGGUHVV�WKH�NH\�FKDOOHQJHV�RI� UDSLG�DQG�VLPSOLILHG�
SURWRW\SLQJ�� GHYHORSP HQW� DQG� H[HFXWLRQ� RI�
VRIWZDUH� LQ� +LJK� 3HUIRUPDQFH� & RP SXWLQJ�
HQYLURQPHQWV���

4X DVFDGH�LV�DQ�LQWHJUDO�WRRO�ZLWKLQ�03� ��WKDW�PDNHV�
FRQVWUXFWLQJ�ZRUNIORZV�LQ�WKLV�03� �HQYLURQPHQW�IDVW�
DQG�LQWXLWLYH�IRU�HQG�XVHUV�DQG�SURJUDPPHUV�DOLNH��,W�
SURYLGHV� D� UHSRVLWRU\� RI� LQWHUFRQQHFWDEOH��
SDUDPHWHUL]HG� YLVXDO�FRPSRQHQWV� IRU� SURFHVVLQJ�
DQG�UHODWLQJ�GLYHUVH�GDWD�DQG�VRIWZDUH�SURJUDP V��,W�
DOVR� HQDEOHV� XV�WR� DGG� QHZ� YLVXDO� FRPSRQHQWV� DV�
QHZ�DOJRULWKPV�GHYHORS�LQ�RQHV�DUHD�RI�LQWHUHVW���

03 � �DQG�4XDVFDGH�DUH�EDVHG�RQ�-DYD���

,QWURGXFWLRQ��

7KH� DPRXQW� RI� GDWD� JHQHUDWHG� DQG� DQDO\] HG�
ZRUOGZLGH�� HVSHFLDOO\� LQ� FRPSXWDWLRQDOO\�LQWHQVLYH�
UHVHDUFK�ILHOGV�LV�JURZLQJ�UDSLGO\��DV�LV�WKH�QHHG�IRU�
DQDO\]LQJ�DQG�PDQDJLQJ�LW��7KLV�GDWD��ZKLFK�OLHV�DW�
WKH� IRXQGDWLRQ� RI� K\ SRWKHVLV� GHYHORSP HQW� DQG�
H[SHULPHQW�YDOLGDWLRQ��FDQ�FKDUDFWHUL]H�IURP�EHLQJ�
VPDOO� DQG� VLPSOH� WR� EHLQJ� YROXPLQRXV�� KLJKO\�
HYROYLQJ��KLJKO\�KHWHURJ HQHRXV�DQG�VHPLVWUXFWXUHG��
,QFUHDVLQJ O\� KROLVWLF� DQG� FURVV�GLVFLSOLQDU\� UHVHDUFK�
DOVR� HQVXUHV� LQFUHDVLQJ� KHWHURJHQHLW\� LQ� GDWD�DQG�
IRUPDWV��0RUHRYHU��XSFRPLQJ�FRPSXWDWLRQDO� ILHOGV�
VXIIHU�IURP�D�ODFN�RI�FRP PRQ�VWDQGDUGV���

7RROV� DQG� DOJRULWKPV�DUH� W\SLFDOO\� GHVLJQHG�IRU�
VLQJOH�SDVV�DQDO\VLV��DFFHSWLQJ�D�FHUWDLQ�LQSXW�LQ�D�
FHUWDLQ� IRUPDW� DQG� WKHQ� ZULWLQJ� RXW� UHVXOWV� LQ�
DQRWKHU� IRUPDW�� � 5HVHDUFKHUV� ZLVKLQJ� WR� SHUIRUP�
PXOWLSOH�SDVV�DQDO\VLV�RI�GDWD��E\� IHHGLQJ�UHVXOWV�RI�
RQH�SURJUDP�WR�DQRWKHU��DUH�IDFHG�ZLWK�KDYLQJ�WR�
GHYLVH�DG�KRF�PHFKDQLVPV�RI�´SOXPELQJµ�WRJ HWKHU�
WKHVH� DSSOLFDWLRQV�� 6FLHQWLVWV�ILQG� LW� VORZ��
FXPEHUVRP H�� DQG� ODERU�LQWHQVLYH� WR� HVWDEOLVK�
FRQQHFWLRQV� DFURVV�LQIRUPDWLRQ� UHVRXUFHV� WKDW� IXHO�
VFLHQWLILF�UHVHDUFK���

,Q�WKH�ILHOG�RI�FRPSXWDWLRQDO�ELRORJ\�� IRU�LQVWDQFH��LW�
KDV� EHHQ� FODLPHG� �WKDW�D� ELRORJLVW� VSHQGV� PRUH�
WKDQ� KDOI� RI�KLV�WLPH� RQ� WDVNV� UHODWHG� WR� WKH�
LQWHJUDWLRQ� RI� GDWD� IURP� LQFRPSDWLEOH� GDWDEDVHV�
DQG�VRIWZDUH�SURJUDPV���

0RUHRYHU�� D� FRPPR Q� UHTXLUHPHQW� LQ� D� ORW�RI�
DSSOLFDWLRQV�UHODWHG�WR�WKH�FRP SXWDWLRQDO�VFLHQFHV�
LV� WKDW�WKH� DQDO\VLV� PXVW� XWLOL]H� +LJK� 3HUIRUPDQFH�
&RP SXWLQJ��LQFUHDVLQJO\� D�V\QRQ\P�I RU�SDUDOOHO�DQG�
GLVWULEXWHG� FRPSXWLQJ��7KHUH� DULVHV� WKH� QHHG� IRU�D�
VWDQGDUGL]HG� EXW� IOH[LEOH�IUDPHZRUN� IRU� LQWHJUDWLQJ�
GLIIHUHQW�W\SHV�RI�GDWD�DQG�VRIWZDUH�SURJUDPV���

4XDVFDGH��$�)XQFWLRQDO�2YHUYLHZ ��

4X DVFDGH� LV�D� JUDSKLFDO� ZRUNIORZ� PDQDJHPHQW�
V\VWHP�IRU� VFLHQWLILF�DSSOLFDWLRQV� ZKLFK� DOORZV�
VRSKLVWLFDWHG� IXQFWLRQDOLW\� WR� EH� UHSUHVHQWHG� DV�
LQWXLWLYH� YLVXDO� FRPSRQHQWV�� %\� LQWHUFRQQHFWLQJ �
YLVXDO� FRPSRQHQWV�� UHVHDUFKHUV� FDQ� FUHDWH� GDWD�
SURFHVVLQJ� ZRUNIORZV� ZKLFK� H[HFXWH� FRPSOH[��
ODUJH�VFDOH� SLSHOLQHV� DXWRPDWLFDOO\��7KH�
FRPSRQHQWV� DUH�DUUDQJ HG� DQG�FRQQHFWHG� EDVHG�
RQ�H[SHULPHQWDO�ORJLF��QRW�RQ�SURJUDPPLQJ�ORJLF���

������������������������������ ������������������������������ ������������
� �$�� &�� 6LHSHO�� $�� 1�� 7RORSNR�� $ �� '�� )D UPH U�HW�DO�� $Q� ,QWHJUDWLRQ�
3ODWIRUP�IRU�+HWHURJ HQHRXV�%LRLQIRUP DWLFV�6RIWZDUH�&RPS RQHQWV��
,%0�6\VWHPV�- RXUQDO��� ������SS�����²��������� �
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4X DVFDGH� SURYLGHV� D� UHSRVLWRU\� RI� LQWHU�
FRQQHFWDEOH�� SDUDPHWHUL]HG� YLVXDO�FRPSRQHQWV�
WKDW� RSHQV� D� ZLGH�UDQJH� RI� SRVVLELOLWLHV�IRU�
SURFHVVLQJ�DQG�UHODWLQJ�GDWD�WR�DQDO\VLV���

.H \� $ GYDQWDJHV�

6RPH� RI� WKH� NH\� DGYDQWDJHV� RI� XVLQJ�P S���
4X DVFDGH�DUH�DV�IROORZV���

��� � 7KH� JUDSKLFDO� LQWHUIDFH� PDNHV� FRQVWUXFWLQJ�
ZRUNIORZV�IDVW�DQG�LQWXLWLYH�IRU�UHVHDUFKHUV�DQG�
SURJUDPPHUV�DOLNH�� ,I� RQH� FDQ� YLVXDOL]H� LW� WKHQ�
RQH� FDQ� LPSOHPHQW� LW� XVLQJ� 4XDVFDGH��
DOORZLQJ� UHVHDUFKHUV� WR� FRQFHQWUDWH� RQ�
JDWKHULQJ� DQG� DQDO\VLV� RI� GDWD� DQG� UHOLHYLQJ �
WKHP� RI� WKH� EXUGHQ� RI� OHDUQLQJ� WR�XVH�
QXPHURXV�VWDQGDORQH�WRROV��

��� � %XLOGLQJ�EORFNV�ZLWKLQ�WKH�ZRUNIORZ�� UHIHUUHG�WR�
DV� &́ RPSRQHQWVµ�DUH�VLPSOH�YLVXDO�DEVWUDFWLRQV�
RI� -DYD�FODVV�REMHFWV�DQG�-DYD�FODVV�PHWKRGV��
8QOLNH�RWKHU�ZRUNIORZ�HQYLURQPHQWV�ZKHUH�VXFK�
FRPSRQHQWV� DUH� W\ SLFDOO\� ´EODFNER[HVµ��
4X DVFDGH� VLPSO\� ZUDSV� DURXQG� VLPSOH�
SURJUDPPLQJ� FRQFHSWV� DQG� PDNHV� WKHP�
DYDLODEOH� WR� D� UHVHDUFKHU� LQ� DQ� LQWXLWLYH�
HQYLURQPHQW�� .HHSLQJ�4 XDVFDGH�XS�WR�GDWH�LV�
MXVW� D� PDWWHU� RI� DGGLQJ� QHZ� FRPSRQHQWV� DV�
QHZ�DOJRULWKPV�DUH�GHYHORSHG��

��� � &RP SRQHQWV� FDQ� EH� GHYHORSHG� WR�UXQ� HLWKHU�
FOLHQW�VLGH��VHUYHU�VLGH�RU�LQ�D�+3&�HQYLURQPHQW��
7KH� H[HFXWLRQ� RI� WKH� FRPSRQHQWV� LV�
XQGHUWDNHQ� E\� WKH�* HQYHD� 03� � HQYLURQP HQW��
$� 4 XDVFDGH� ZRUNIORZ� LV� WKHUHIRUH� LQKHUHQWO\�
DQG� WUDQVSDUHQWO\� H[HFXWHV� ZLWKLQ�DQ� ¶Q�WLHU·�
+3&� HQYLURQPHQW�� ZKLOH� HQDEOLQJ� DOO�
FRPPXQLFDWLRQ�WKURXJK�WKH�-�((�OD\HU��

��� � 2SWLRQDOO\�� E\� ZRUNLQJ� DORQJ� ZLWK� *HQYHD·V�
;PHOG� 'DWD� ,QWHJUDWLRQ� PLGGOHZDUH��
4X DVFDGH�J RHV� EH\ RQG� LQWHJUDWLQJ� WRROV� WR�
DOVR� LQWHJUDWLQJ� FRPSOH[� GDWD� IORZ� LQWR� WKH�
DSSOLFDWLRQ�� ,Q� FRQMXQFWLRQ� ZLWK� WKLV�
PLGGOHZDUH�� GDWD� FDQ� EH� JDWKHUHG� DQG�
DQDO\]HG�LQ�D�VWDQGDUG��LQWHJUDWHG�PDQQHU���

��� � &RP SRQHQWV� FDQ� DOVR� EH� FUHDWHG� RQ� WKH� IO\�
Z LWKLQ� 4XDVFDGH� XVLQJ� WKH� 3\WKRQ�
SURJUDPPLQJ�ODQJXDJH��

��� � :RUNIORZV�FDQ�EH�VDYHG�LQ�WKH�IRUP�RI�ILOHV�WKDW�
FDQ�EH�VKDUHG�DPRQJ�XVHUV��

4XDVFDGH��P S��²� D�%ULHI�/RRN�XQGHU�WKH�+RRG��

$� 4 XDVFDGH� DSSOLFDWLRQ� FRQVLVWV� RI�WZR�
FRPSRQHQWV����WKH�XVHU�LQWHUIDFH�DQG�WKH�H[HFXWLRQ�
HQYLURQPHQW��7KH�XVHU�LQWHUIDFH�LV�ZKDW�\RX� VHH�DQG�
\ RX� FDQ� XVH� WR� FUHDWH� DQG� PDQLSXODWH� WKH�
ZRUNIORZ�� 7KH� H[HFXWLRQ� LV� LPSOHPHQWHG� DV� -DYD�
DSSOLFDWLRQ� WULJJHUHG�E\� D Q\� HYHQW� RQ� WKH� XVHU�
LQWHUIDFH�� VXFK� DV� VWDUW�� VWRS�� VWHS�� HWF�� �7KH�
H[HFXWLRQ� LV� IDFLOLWDWHG� E\� WKH� 03� � HQYLURQPHQW��
ZKLFK�LV�EDVHG�RQ�WKH�-�((�DUFKLWHFWXUH��

�(DFK� FRPSRQHQW� PRGXOH� DGGHG�LQ� WKH� ZRUNIORZ�
KDV� D�FRUUHVSRQGLQJ�- DYD� FODVV� WKDW� GLFWDWHV� LWV�
LPSOHPHQWDWLRQ�� 7KLV� -DYD� FODVV� LV� UHVSRQVLEOH� WR�
UHQGHU� WKH� FRQILJXUDWLRQ� SDQHO� DQG� VSHFLI\�WKH�
H[HFXWLRQ� EHKDYLRU�� 7KLV� FODVV� FDQ� LQ� WXUQ� EH� D�
ZUDSSHU�DURXQG�FRGH�ZULWWHQ�LQ�&�RU�&� ���

:KHQ� D� X VHU� H[HFXWHV� D� ZRUNIORZ�� RQH� RI�WKH�
FRPSRQHQWV� LV� DFWLYDWHG�� 8SRQ� DFWLYDWLRQ�� WKH�
FRPSRQHQW� LV� H[ HFXWHG�E\� WKH� 03� � HQJLQH�� 2QFH�
H[HFXWLRQ� RI� RQH�FRP SRQHQW� LV� GRQH�� WKH� RXWSXWV�
RI� WKDW� FRPSRQHQW� DUH� FROOHFWHG� DQG� SDVVHG� WR�
WKH�QH[ W�FRPSRQHQW��$ IWHU�WKDW�WKH�03� �HQJLQH�ZLOO�
ILQG�WKH�QH[ W�FRPSRQHQW�UHDG\�WR�EH�H[HFXWHG��DOO�
RI� LWV� LQSXWV� DUH� DYDLODEOH�� DQG� H[ HFXWH� LW�� RQFH�
GRQH� LW� ZLOO� SDVV� WKH� RXWSXWV� WR� WKH� DSSURSULDWH�
FRPSRQHQWV�� DQG�VR� RQ�� 7KLV� SURFHVV� LV� UHSHDWHG�
XQWLO�WKHUH�DUH�QR�PRUH�FRPSRQHQWV�WKDW�DUH�WR�EH�
H[HFXWHG�DQG�WKH�ZRUNIORZ�H[HFXWLRQ�LV�FRPSOHWHG���
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$�%ULHI�2 YHUYLHZ� RI�* HQYHD�' DWD�� $ SSOLFDWLRQ�
0LGGOHZDUH�

*HQYHD� SURYLGHV� WKH� PRVW� FRPSHOOLQJ� GDWD�
LQWHJUDWLRQ� WHFKQRORJ\� GHYLVHG�IRU� GDWD�GULYHQ�
GUXJ� GLVFRYHU\�� FOLQLFDO�
WULDOV�DQDO\VHV� DQG�
NQRZOHGJH�
PDQDJHPHQW� IRU�
UHVHDUFK� LQ�WKH� OLIH�
VFLHQFHV�� : RUNLQJ� LQ�
FRQMXQFWLRQ� ZLWK� WKH�
03 � � IDFLOLW\� IRU� KLJK�
SHUIRUPDQFH�
FRPSXWLQJ� DQG�
DSSOLFDWLRQ�SURWRW\SLQJ�
WRROV�� LW� SURYLGHV� DQ�
HIIHFWLYH�IRXQGDWLRQ�IRU�
UDSLG� GHYHORSPHQW� RI�
VFLHQWLILF�DSSOLFDWLRQV�LQ�
WKH�OLIH�VFLHQFHV��

2XU� WHFKQRORJ\� DOORZV� FXVWRPHUV� WR� LQWHJUDWH�
GLVSDUDWH� DQG� KHWHURJHQHRXV� IRUP V� RI� GDWD� WR�
SURYLGH� WKH� EDVLV�IRU� D�KROLVWLF� DSSURDFK� WR� OLIH�
VFLHQFHV�UHVHDUFK�DQG�WKH�V\ VWHPLF�IRXQGDWLRQV�IRU�
EXVLQHVV� LQWHOOLJHQFH�� 7KH� WHFKQRORJ\� UHOLHV� RQ� LWV�
DELOLW\� WR� SXW� WRJHWKHU�SK\VLFDOO\� GLVSDUDWH� VRXUFHV�
RI� GDWD� DQG� WKHQ� DOORZLQJ� HQG�XVHUV� WR� FRQGXFW�
VLQJOH�SRLQW�TXHULHV�DFURVV�WKLV�YDVW�SRRO�RI�GDWD��DV�
WKRXJK�LW�ZHUH�D�VLQJOH�UHVRXUFH��

7KLV�VROXWLRQ� SURYLGHV�WKH� EDVLV� IRU�LQWHJUDWLQJ�DQ\�
IRUP� RI� FRPSOH[ �� XQVWUXFWXUHG� UHVHDUFK� GDWD��
0RUHRYHU��WKH�VROXWLRQ� DVVXP HV�WKDW� VXFK� GDWD� LV�
ODUJHO\� KHWHURJHQHRXV�� SK\VLFDOO\� GLVSDUDWH�DQG�
DYDLODEOH� RII� GLIIHUHQW� SODWIRUPV�� IODW� ILOHV�� IWS� VLWHV��
OHJDF\�GDWDEDVH�V\VWHP V�HWF�� ��

%HVLGHV� LQWHJUDWLQJ� H[LVWLQJ� HQWHUSULVH� GDWD��WKLV�
VROXWLRQ� DOVR� DOORZV� WKH� HQG�XVHUV�WR� FUHDWH� DQG�
PDLQWDLQ�WKHLU�RZQ�GDWDEDVHV�RQ�DQ�RQJRLQJ�EDVLV��

$�%LUG·V�(\H�9LHZ� WR�WKH�0 3� �(QYLURQP HQW�

:H� EHOLHYH� WKDW�WKH� VLP SOLFLW\� RI� WKH� GHYHORSPHQW�
DQG� GHSOR\PHQW� HQYLURQPHQW� PDNHV� IRU� DQ�
LPSRUWDQW�FRQVLGHUDWLRQ�LQ�WKH� VXFFHVVIXO� DGRSWLRQ�
RI� QHZ� SURJUDPPDEOH� V\VWHPV�� � 7KH� 03 � � IDFLOLW\�
RSHUDWHV�RQ�D�FOXVWHUHG�FRPSXWLQJ�HQYLURQPHQW��

7KH�W\SLFDO�DSSOLFDWLRQ�ZULWWHQ�ZLWK�WKLV�PLGGOHZ DUH�
WKHUHIRUH� H[HFXWHV� DV� D� PXOWLSOH�WLHU� DSSOLFDWLRQ��
Z LWK� SDUWV� RI� LW� H[HFXWLQJ� RQ� WKH� FOLHQW� FRPSXWHU��
DQG� SDUWV� H[HFXWLQJ� RQ� VHYHUDO� VHUYHU�VLGH��

GLVWULEXWHG�FRPSXWHUV����

$ SSOLFDWLRQV�RSHUDWH�IURP�WKH�FOLHQW·V�FRPSXWHU�E\�
FRPPXQLFDWLQJ� ZLWK� WKH� FOXVWHU� WKURXJK� D� VLQJOH�
FRPSXWHU�WKDW�KRVWV�D�-� ((�VHUYHU���7KLV�FRRUGLQDWLQJ�
VHUYHU� WKHQ� LGHQWLILHV� RQH� RU� PRUH� ´SURFHVVLQJ�
QRGHVµ� ZKLFK� DUH� FRPSXWHUV�UXQQLQJ� D� VP DOO�
IRRWSULQW�GDHPRQ��WR�SHUIRUP�WKH�WDVN�RI�H[HFXWLQJ�
WKH�VHUYHU�VLGH�IXQFWLRQDOLW\�RI�WKH�DSSOLFDWLRQ���

7KH�XVH�RI�D�VLQJOH�FRRUGLQDWLQJ�VHUYHU�LV�EHQHILFLDO�
LQ� VHYHUDO� ZD\V�� � 7KH� FOXVWHU� FDQ�� DW� WKH� SRLQW� RI�
LQLWLDWLRQ�RI�WKH�DSSOLFDWLRQ�� GHFLGH�WKH�QXPEHU� RI�
FRPSXWHUV� WKDW� QHHG� WR� EH� DVVLJQHG� IRU� WKDW�
DSSOLFDWLRQ�� GHSHQGLQJ� RQ� DYDLODELOLW\� DQG�
QHFHVVLW\��

0RUHRYHU��WKH� FRRUGLQDWLQJ� VHUYHU� DOVR� PDLQWDLQV�
GLUHFWRULHV�RI�DYDLODEOH�UHVRXUFHV��

7KH� 03 � � )DFLOLW\� KDV� EHHQ� SULPDULO\� ZULWWHQ� XVLQJ�
-DYD�� ZKLFK� LV� LQFUHDVLQJO\� SRSXODU� ZLWKLQ�WKH�
VFLHQWLILF� FRPPXQLW\�� :KHUH� SHUIRUPDQFH� LV� D�
FRQVLGHUDWLRQ�� DSSOLFDWLRQV� FDQ� EH� ZULWWHQ�LQ� &� RU�
& ��� DQG� LQWHUIDFHG� ZLWK� WKH� RYHUDOO� V\VWHP� XVLQJ�
WKH�-DYD�1DWLYH�,QWHUIDFH��- 1,���
�

‹�� � �� *H QYHD� %LRVFLHQFHV�� $OO�ULJKWV� UHVHUYHG���
6SHFLILFDWLRQV�VXEMHFW�WR�FKDQJH�ZLWKRXW�QRWLFH��*H QYHD�
%LRVFLHQFHV� DQG� WKH� *HQYHD� %LRVFLHQFHV� ORJR�� DUH�
UHJ LVWHUHG�WUDGHP DUNV�RI�*HQYHD�%LRVFLHQFHV�ZRUOGZLGH��
$ OO� RWKHU� WUDGHPDUNV�P HQWLRQHG� KHUHLQ�DUH� WKH�SURSHUW\�
RI�WKHLU�UHVSHFWLYH�RZQHUV���
�

*HQYHD�%LRVFLHQFHV�
����&U DLJ�5 RDG��
���������
6LQJDSRUH�� ������
�
3KRQH���������������
(P DLO��LQIR#J HQYHD�FRP ��
�
�

&KHPR, QIRUPDWLFV�
����- DODQ�66�����
������ 3HWDOLQJ� -D\D�
6HODQJRU�' DUXO�(K VDQ�
�
3KRQH������������������
(P DLO���,QIR#F KHP RLQIRUP DWLFV�FRP���
�
�


