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,VVXHV�DQG�&RQFHUQV�IRU�'HYHORSLQJ�&RXQWULHV

/DGLVODY�.DEDW

/��1DLNHQ

$��'DYLG�0DUVKDOO

3UDWDS�1DUDLQ

6WDWLVWLFV�'LYLVLRQ��)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV
>7KH�YLHZV�H[SUHVVHG�DUH�WKRVH�RI�WKH�DXWKRUV�DQG�QRW�QHFHVVDULO\�RI�WKH�RUJDQL]DWLRQ�WR�ZKLFK�WKH\�EHORQJ�@

$%675$&7���2YHU�WKH�\HDUV�WKH�DWWHQWLRQ�RI�DJULFXOWXUDO�GHYHORSPHQW�SODQQHUV�KDV�HYROYHG�VXFK�WKDW�GDWD�QHHGV�UHIHU�QRW�RQO\

WR�LVVXHV�UHODWLQJ�WR�DJULFXOWXUDO�KROGLQJV�DQG�DJULFXOWXUDO�SURGXFWLRQ��EXW�DOVR�WR�WKRVH�UHODWLQJ�WR�WKH�ZHOIDUH�RI�WKH�SRSXODWLRQ

GHSHQGHQW�RQ�DJULFXOWXUH��DV�ZHOO�DV�WKH�IRRG�VHFXULW\�RI�WKH�SRSXODWLRQ�DV�D�ZKROH���'HVSLWH�WKLV�QHHG�DQG�LQFUHDVLQJ�DZDUHQHVV�RI

WKH�LPSRUWDQFH�RI�VWDWLVWLFV��PRVW�GHYHORSLQJ�FRXQWULHV�VWLOO�GR�QRW�KDYH�DQ�DGHTXDWH�V\VWHP�RI�VWDWLVWLFV�SHUWDLQLQJ�WR�WKH

DJULFXOWXUDO�VHFWRU���7R�LPSURYH�WKH�H[LVWLQJ�V\VWHP��LW�LV�QHFHVVDU\�WR�WDNH�LQWR�DFFRXQW�D�FRXQWU\·V�VSHFLILF�GDWD�QHHGV�DQG

SULRULWLHV�ZLWKLQ�D�FRPSUHKHQVLYH�IUDPHZRUN�WKDW�JRHV�EH\RQG�WKH�WUDGLWLRQDO�IRFXV�RQ�DJULFXOWXUDO�FHQVXVHV�DQG�SURGXFWLRQ

VXUYH\V���7KLV�SDSHU�VXJJHVWV�DQ�DSSURDFK�EDVHG�RQ�WKH�FRPSUHKHQVLYH�LQWHJUDWHG�LQIRUPDWLRQ�V\VWHPV�WR�HQVXUH�WKDW�WKH�SULRULW\

GDWD�QHHGV�DUH�PHW�DFURVV�WKH�ZKROH�VSHFWUXP�RI�GDWD�XVHUV�ZLWKRXW�GXSOLFDWLRQ���6XFK�DQ�DSSURDFK�ZRXOG�HQDEOH�D�FRXQWU\�WR�JR

EH\RQG�WKH�WUDGLWLRQDO�GDWD�FROOHFWLRQ�V\VWHPV�DQG�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�IRU�PDNLQJ�SROLFLHV�IRU�VHFWRUDO�SURJUDPPHV�DQG

WR�DVVHVV�WKHLU�LPSDFW�RQ�WKH�ZHOIDUH�RI�WKH�DJULFXOWXUDO�KRXVHKROG�VHFWRU�

�� ,QWURGXFWLRQ

7KH�VKDUH�RI�WKH�DJULFXOWXUDO�VHFWRU�LQ�WKH�WRWDO�HFRQRP\�RI�GHYHORSLQJ�FRXQWULHV�LV�TXLWH�KLJK�����WR���

SHUFHQW��DQG�WKH�VKDUH�RI�WKH�SRSXODWLRQ�GHSHQGHQW�RQ�LW�LV�VWLOO�KLJKHU���+LVWRULFDOO\��GDWD�RQ�DJULFXOWXUH

KDYH�EHHQ�FROOHFWHG�WR�PHHW�GHYHORSPHQW�QHHGV�UHODWHG�WR�ODQG�XVH�DQG�DJULFXOWXUDO�SURGXFWLRQ���+HQFH�

WKH�V\VWHP�RI�DJULFXOWXUDO�VWDWLVWLFV�KDV�WUDGLWLRQDOO\�IRFXVHG�RQ�FHQVXVHV�DQG�VXUYH\V�RI�DJULFXOWXUDO�DQG

OLYHVWRFN�KROGLQJV���7KH�FHQVXVHV��EHLQJ�ODUJH�VFDOH�RSHUDWLRQV��KDYH�LQ�JHQHUDO�EHHQ�FRQILQHG�WR

FROOHFWLQJ�VWUXFWXUDO�GDWD�ZKLFK�GR�QRW�FKDQJH�RYHU�D�VKRUW�SHULRG�RI�WLPH���)RU�WKH�SXUSRVH�RI

REWDLQLQJ�FXUUHQW�DJULFXOWXUDO�VWDWLVWLFV��UHOLDQFH�KDV�JHQHUDOO\�EHHQ�SODFHG�RQ�DQQXDO�VDPSOH�VXUYH\V�RI

DJULFXOWXUDO�KROGLQJV���+RZHYHU��DV�DJULFXOWXUH�LV�WKH�PDLQ�VRXUFH�RI�HPSOR\PHQW�DQG�OLYHOLKRRG�RI�D

PDMRULW\�RI�WKH�SRSXODWLRQ�LQ�GHYHORSLQJ�FRXQWULHV��WKH�DWWHQWLRQ�RI�DJULFXOWXUDO�GHYHORSPHQW�SODQQHUV

KDV�RYHU�WKH�\HDUV�HYROYHG�VXFK�WKDW�GDWD�QHHGV�UHIHU�QRW�RQO\�WR�LVVXHV�UHODWLQJ�WR�DJULFXOWXUDO�KROGLQJV

DQG�DJULFXOWXUDO�SURGXFWLRQ��EXW�DOVR�WR�WKRVH�UHODWLQJ�WR�WKH�ZHOIDUH�RI�WKH�SRSXODWLRQ�GHSHQGHQW�RQ

DJULFXOWXUH��H�J��LQFRPH��KHDOWK��QXWULWLRQ��HWF����DV�ZHOO�DV�WKH�IRRG�VHFXULW\�RI�WKH�SRSXODWLRQ�DV�D

ZKROH���$JULFXOWXUH�SODQQHUV�DUH�DOVR�FRQFHUQHG�ZLWK�LPSURYLQJ�SURGXFWLRQ�LQ�WKH�FRQWH[W�RI�VXVWDLQDEOH

GHYHORSPHQW���,Q�WKLV�FRQQHFWLRQ��WKH\�DUH�LQWHUHVWHG�LQ�GDWD�UHODWLQJ�WR�WKH�GHSOHWLRQ�RI�QDWXUDO��ODQG�

UHVRXUFHV�DQG�WKHLU�HQYLURQPHQWDO�HIIHFWV���0RUH�UHFHQWO\��WKH�QHHG�WR�H[DPLQH�WKH�LPSDFW�RI

DJULFXOWXUDO�SROLFLHV�RQ�WKH�ZHOIDUH�RI�WKH�SRSXODWLRQ�GHSHQGHQW�RQ�DJULFXOWXUH�KDV�OHG�WR�DQ�LQWHUHVW�LQ

KRXVHKROG�VXUYH\V�WKDW�LQWHJUDWH�NH\�DJULFXOWXUDO�DQG�ZHOIDUH�GDWD�

<HW��GHVSLWH�WKH�LQFUHDVLQJ�DZDUHQHVV�RI�WKH�LPSRUWDQFH�RI�VWDWLVWLFV�LQ�SODQQLQJ�IRU�DJULFXOWXUDO

GHYHORSPHQW��LW�LV�QRWHG�WKDW�PRVW�GHYHORSLQJ�FRXQWULHV�VWLOO�GR�QRW�KDYH�DQ�DGHTXDWH�V\VWHP�RI�VWDWLVWLFV

SHUWDLQLQJ�WR�WKH�DJULFXOWXUDO�VHFWRU���7KH�DYDLODEOH�DJULFXOWXUDO�GDWD�DUH�LQFRPSOHWH�LQ�WHUPV�RI���D��WKH

UDQJH�RI�FRPPRGLWLHV�FRYHUHG��IRU�H[DPSOH��LQ�PDQ\�FDVHV�RQO\�FDVK�FURSV�IRU�ODUJH�IDUPV�DUH

FRYHUHG����E��WKH�UDQJH�RI�YDULDEOHV�RU�GDWD�VHWV�FRYHUHG��IRU�H[DPSOH��GDWD�RQ�DJULFXOWXUDO�LQSXWV�DUH�LQ

PDQ\�FRXQWULHV�SUDFWLFDOO\�QRQ�H[LVWHQW���DQG��F��FRYHUDJH�RI�WKH�QDWLRQ��VRPHWLPHV�SDUWV�RI�WKH�FRXQWU\

DUH�H[FOXGHG�IURP�WKH�QDWLRQDO�VWDWLVWLFDO�UHSRUWLQJ�V\VWHP����)XUWKHUPRUH��HYHQ�ZKHQ�GDWD�DUH

DYDLODEOH��WKHLU�UHOLDELOLW\�LV�RIWHQ�TXHVWLRQDEOH���,Q�IDFW��DJULFXOWXUDO�GDWD�LQ�D�FRXQWU\�DOVR�FRPH�IURP



���

RWKHU�NLQGV�RI�FHQVXVHV�RU�VXUYH\V�DV�ZHOO�DV�IURP�DGPLQLVWUDWLYH�UHFRUGV���$V�WKH�GLIIHUHQW�LQVWLWXWLRQV

LQYROYHG�DUH�QRW�DZDUH�RI�HDFK�RWKHU·V�DFWLYLWLHV��WKHUH�LV�FRQVLGHUDEOH�GXSOLFDWLRQ�RI�HIIRUW�DQG��LQ

PDQ\�FDVHV��FRQIOLFWLQJ�GDWD�DUH�UHSRUWHG�IRU�WKH�VDPH�LWHPV���$V�UHJDUGV�GDWD�RQ�WKH�ZHOIDUH�RI�WKH

KRXVHKROGV�HQJDJHG�LQ�DJULFXOWXUDO�DFWLYLWLHV�DQG�WKH�IRRG�FRQVXPSWLRQ�OHYHO�RI�WKH�SRSXODWLRQ��LQ�PDQ\

FRXQWULHV�DSSURSULDWH�KRXVHKROG�VXUYH\V�DUH�HLWKHU�QRW�DYDLODEOH�RU�QRW�UHJXODUO\�XQGHUWDNHQ���:KHQ�LW

FRPHV�WR�GDWD�UHODWLQJ�WR�WKH�GHSOHWLRQ�RI�ODQG�UHVRXUFHV�DQG�WKHLU�HQYLURQPHQWDO�HIIHFWV��WKH�VLWXDWLRQ�LV

ZRUVH���)LQDOO\��HYHQ�ZKHQ�FRQVLGHUDEOH�GDWD�UHODWLQJ�WR�WKH�DJULFXOWXUDO�VHFWRU�DUH�DYDLODEOH��LW�KDV

VHOGRP�EHHQ�UHFRJQLVHG�WKDW�WKH�GLIIHUHQW�GDWD�FRPSRQHQWV�RIWHQ�KDYH�GLIIHUHQW�FRYHUDJH�DQG�WLPH

IUDPHV�WKXV�UHTXLULQJ�VSHFLDO�SURFHVVLQJ��WDEXODWLRQV��DGMXVWPHQWV��HWF��SULRU�WR�WKHLU�XVDJH�LQ�DQ

LQWHJUDWHG�PDQQHU�RU�IRU�WKH�SXUSRVH�RI�D�SDUWLFXODU�VWXG\�RU�DQDO\VLV���7KH�UHDVRQV�IRU�WKLV�VWDWH�RI

DIIDLUV�DUH�PDQLIROG���+RZHYHU��WKH�NH\�FRQWULEXWRU\�IDFWRUV�DUH�JLYHQ�EHORZ�

�� $JULFXOWXUDO�FHQVXVHV��VXUYH\V�DQG�RWKHU�VWDWLVWLFDO�LQTXLULHV�DUH�RIWHQ�XQGHUWDNHQ�LQ�LVRODWLRQ�RI

HDFK�RWKHU�DQG�WKHUH�LV�RIWHQ�D�ODFN�RI�XQGHUVWDQGLQJ�DQG�FRRUGLQDWLRQ�EHWZHHQ�VWDWLVWLFDO

DJHQFLHV�DQG�RIILFHV�XQGHUWDNLQJ�HFRQRPLF�DQDO\VLV��SODQQLQJ�DQG�GHFLVLRQ�PDNLQJ�

�� 0DQ\�RI�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�DJULFXOWXUDO�VWDWLVWLFV�LQ�GHYHORSLQJ�FRXQWULHV�DUH�W\SLFDO

RI�WKH�GHYHORSPHQW�RI�VWDWLVWLFDO�V\VWHPV�LQ�JHQHUDO���7KHVH�LQFOXGH�

& SRRU�FRRUGLQDWLRQ�RI�VFDUFH�UHVRXUFHV��HVSHFLDOO\�RI�GRQRU�DVVLVWDQFH�

& SURJUDPPHV�UHIOHFWLQJ�WKH�LQWHUHVWV�RI�GRQRUV�UDWKHU�WKDQ�WKRVH�RI�WKH�FRXQWU\�

& QRQ�VXVWDLQDELOLW\�RI�H[WHUQDOO\�IXQGHG�SURJUDPPHV�GXH�LQ�SDUW�WR���D��WKH�WHFKQLFDOO\

FRPSOH[�QDWXUH�RI�WKH�SURJUDPPHV���E��LQDGHTXDWH�GHYHORSPHQW�DQG�XVH�RI�ORFDO

PDQSRZHU��DQG��F��IDLOXUH�RI�*RYHUQPHQWV�WR�SURYLGH�FRXQWHUSDUW�IXQGV�

& GLVUXSWLYH�HIIHFWV�RI�FLYLO�ZDUV�DV�ZHOO�DV�VRPH�H[WHUQDO�SURJUDPPHV�RQ�WKH�ZRUN�RI

VWDWLVWLFDO�RIILFHV��DQG

& ODFN�RI�WUDLQHG�PDQSRZHU��KLJK�WXUQRYHU�RI�VWDII�IURP�VWDWLVWLFDO�V\VWHPV��DQG�SRRU

PDQDJHPHQW�SUDFWLFHV�

�� 6WDWLVWLFDO�V\VWHPV�KDYH�DOVR�VXIIHUHG�IURP�D�ODFN�RI�GHYHORSPHQW�LQ�WKH�XVH�DQG�DQDO\VLV�RI�WKH

GDWD�FROOHFWHG���$V�D�UHVXOW��LQ�WLPHV�RI�HFRQRPLF�DXVWHULW\��VWDWLVWLFDO�VHUYLFHV�KDYH�EHHQ�DPRQJ

WKH�ILUVW�WR�H[SHULHQFH�UHVRXUFH�FXWV�RIWHQ�UHVXOWLQJ�LQ�WKH�FROODSVH�RI�ZKDW�DUH�RIWHQ��DQ\ZD\�

YHU\�IUDJLOH�V\VWHPV�

7KXV��WKH�SUREOHP�LV�PXOWL�IDFHWHG�LQ�QDWXUH�DQG�LW�LV�REYLRXV�WKDW�WKH�DFWLRQV�WR�LPSURYH�WKH�VLWXDWLRQ

VKRXOG�LQYROYH�DGHTXDWH�ILQDQFLDO�UHVRXUFHV�DQG�QDWLRQDO�FDSDELOLW\�EXLOGLQJ��LQFOXGLQJ�DSSURSULDWH

LQIUDVWUXFWXUH��WUDLQLQJ��HWF����7KHVH�DFWLRQV�ZRXOG�EH�EHWWHU�JXLGHG�DQG�WDUJHWHG�LI�D�FRPSUHKHQVLYH

DSSURDFK�DLPHG�DW�PHHWLQJ�WKH�QHHGV�RI�DJULFXOWXUDO�VHFWRU�SODQQLQJ�DQG�GHYHORSPHQW�LV�WDNHQ�LQ�WKH

IXWXUH���7KLV�SDSHU�GLVFXVVHV�LQ�EULHI�DQ�DSSURDFK�WR�PHHW�WKLV�QHHG�

�� $�&RPSUHKHQVLYH�$SSURDFK�IRU�$JULFXOWXUDO�6WDWLVWLFV

7KH�LPSURYHPHQW�RI�WKH�H[LVWLQJ�V\VWHP�RI�IRRG�DQG�DJULFXOWXUDO�VWDWLVWLFV�ZRXOG�KDYH�WR�WDNH�LQWR

DFFRXQW�WKH�FRXQWU\·V�VSHFLILF�GDWD�QHHGV��SULRULWLHV�DQG�UHVRXUFHV���+RZHYHU��LW�LV�HVVHQWLDO�WKDW�WKHVH

EH�FRQVLGHUHG�ZLWKLQ�D�FRPSUHKHQVLYH�IUDPHZRUN�WKDW�JRHV�EH\RQG�WKH�WUDGLWLRQDO�IRFXV�RQ�FDUU\LQJ�RXW

DJULFXOWXUDO�FHQVXVHV�DQG�SURGXFWLRQ�VXUYH\V���7KLV�LV�DOVR�HVVHQWLDO�LQ�RUGHU�WR�UHIOHFW�WKH

VRFLRHFRQRPLF�DQG�HQYLURQPHQWDO�FRQFHUQV�DVVRFLDWHG�ZLWK�DJULFXOWXUH�DV�D�VHFWRU�RI�HFRQRPLF�DFWLYLW\��

7KXV�WKH�REMHFWLYHV�RI�WKH�FRPSUHKHQVLYH�V\VWHP�VKRXOG�EH�
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�� WR�LPSURYH�WKH�SURGXFWLRQ�DQG�GLVVHPLQDWLRQ�RI�FRUH�GDWD�DQG�HVWDEOLVKLQJ�K\SHU�OLQNDJHV�ZLWK

KRXVHKROG�EDVHG�GDWD�

�� WR�SURYLGH�VXSSRUW�IRU�WKH�V\VWHPDWLF�UHYLHZ�RI�HFRQRPLF�GHYHORSPHQW�DQG�SROLFLHV�UHODWLQJ�WR

DJULFXOWXUH�DQG�IRRG�VHFXULW\�DQG�DVVHVV�WKH�LPSDFW�RI�WKHVH�SROLFLHV�RQ�JURZWK�RI�DJULFXOWXUH

DQG�HQYLURQPHQW�WDNLQJ�LQWR�DFFRXQW�UHJLRQDO��VRFLDO�DQG�LQFRPH�GLVSDULWLHV�RI�WKH�SRSXODWLRQ

GHSHQGHQW�RQ�DJULFXOWXUH��DQG�IRUP�WKH�EDVLV�IRU�SURPRWLRQ�RI�VRXQG�HFRQRPLF�JURZWK�DQG�DQ

RUGHUO\�DQG�VWDEOH�V\VWHP�RI�DJULFXOWXUH�ZKLFK�LV�VXVWDLQDEOH�RYHU�D�ORQJ�SHULRG�RI�WLPH��DQG

�� WR�KHOS�DGRSWLQJ�DSSURSULDWH�HFRQRPLF�SROLFLHV�DQG�LGHQWLILFDWLRQ�RI�LVVXHV�DQG�SUREOHPV�LQ�D

WLPHO\�PDQQHU��VR�WKDW�D�FRXQWU\�FDQ�LPSOHPHQW�VXLWDEOH�FRUUHFWLYH�PHDVXUHV�PRUH�TXLFNO\�

7KH�DGRSWLRQ�RI�WKH�DERYH�DSSURDFK�HVVHQWLDOO\�LQYROYHV�WKH�GHYHORSPHQW�RI�D�FRPSUHKHQVLYH�DSSURDFK

IRU�WKH�FROOHFWLRQ�DQG�FRPSLODWLRQ�RI�DJULFXOWXUDO�GDWD�EDVHG�RQ�

& LGHQWLILFDWLRQ�RI�GDWD�QHHGV�YLV�j�YLV�H[LVWLQJ�DYDLODELOLW\�RI�GDWD�

& HVWDEOLVKLQJ�PLFUR�PDFUR�OLQNDJHV�IRU�DUULYLQJ�DW�VWUXFWXUDO�DV�ZHOO�DV�FXUUHQW�LQIRUPDWLRQ

ZLWK�WKH�UHTXLUHG�GHWDLOV�

& XVH�RI�VWDWLVWLFDO�WRROV�OLNH�6XSSO\�DQG�8WLOLVDWLRQ�$FFRXQWV�DQG�(FRQRPLF�$FFRXQWV�IRU

)RRG�DQG�$JULFXOWXUH�WR�H[DPLQH�FRQVLVWHQF\�RI�WKH�LQIRUPDWLRQ�JDWKHUHG�IURP�WKH�YDULHW\

RI�VRXUFHV�DQG�WR�GHULYH�NH\�IRRG�DQG�DJULFXOWXUDO�LQGLFDWRUV�

& LQWHJUDWLRQ�RI�GDWD�FROOHFWLRQ��SURFHVVLQJ�DQG�WDEXODWLRQ�RI�GDWD�LQ�RQH�IUDPHZRUN�WR�PHHW

WKH�GLYHUVH�DQDO\WLFDO�DQG�UHSRUWLQJ�QHHGV�

& PDNLQJ�SODQV�IRU�FROOHFWLRQ�RI�DGGLWLRQDO�LQIRUPDWLRQ��DQG

& PDNLQJ�XVH�RI�KRXVHKROG�VXUYH\V�IRU�LQYHVWLJDWLRQ�LQWR�SROLF\�LVVXHV�

'HYHORSLQJ�WKH�H[LVWLQJ�DJULFXOWXUDO�VWDWLVWLFV�V\VWHP�LQ�WKH�DERYH�FRQWH[W�FRQVLVWV�RI�D�QXPEHU�RI�VWHSV

DV�GLVFXVVHG�EHORZ�

��� ,GHQWLI\LQJ�D�6HW�RI�&RUH�'DWD

7KH�ILUVW�VWHS�LV�WR�LGHQWLI\�D�VHW�RI�FRUH�GDWD�ZKLFK�DUH�YHU\�RIWHQ�UHTXLUHG�IRU�DQ�RYHUYLHZ�RI�WKH�IRRG

DQG�DJULFXOWXUDO�VLWXDWLRQ���7KLV�LQFOXGHV�GDWD�RQ�LWHPV�VXFK�DV�SURGXFWLRQ�RI�DJULFXOWXUDO�FRPPRGLWLHV

DQG�\LHOGV��OLYHVWRFN�SURGXFWLRQ��XVH�RI�DJULFXOWXUDO�LQSXWV��IDUP�PDFKLQHU\��IHUWLOLVHUV��SHVWLFLGHV�

HWF����WUDGH�LQ�DJULFXOWXUDO�SURGXFWV��SULFHV�RI�DJULFXOWXUDO�SURGXFWV�DQG�LQSXWV��ODQG�XVH�DQG�FRYHU�

IRUHVW�SURGXFWLRQ�DQG�UHVRXUFHV��ILVKHULHV�SURGXFWLRQ�DQG�UHVRXUFHV��IRRG�FRQVXPSWLRQ�OHYHOV�DQG

GLVWULEXWLRQ��KRXVHKROG�LQFRPH��DQG�DJULFXOWXUDO�SRSXODWLRQ�DQG�ODERXU�IRUFH���7KH�FRUH�V\VWHP�FRXOG

DOVR�LQFOXGH�FHUWDLQ�SUH�KDUYHVWLQJ�GDWD�IRU�WKH�SXUSRVH�RI�GHULYLQJ�DGYDQFH�FURS�HVWLPDWHV�WR�EH�XVHG

IRU�GHWHUPLQLQJ�DQ\�OLNHO\�VKRUWIDOO�DQG�KHQFH�WKH�H[SHFWHG�OHYHO�RI�IRRG�LPSRUW�DLG�ZKLFK�PD\�EH

UHTXLUHG�

:KLOH�DVVHVVLQJ�WKH�QHHGV�DQG�SULRULWLHV��RQH�PD\�DOVR�LGHQWLI\�WKH�DUHDV�RI�FRQFHUQ�ZKLFK�DUH

LPSRUWDQW�IRU�JURZWK�RI�DJULFXOWXUDO�RXWSXW�DQG�ZKHUH�DQ�DVVHVVPHQW�RI�WKH�FDXVH�DQG�HIIHFW�UHODWLRQVKLS

LV�UHTXLUHG���,W�LV�DOVR�QHFHVVDU\�WR�LGHQWLI\�WKH�QHHGV�RI�GDWD�XVHUV�LQ�WHUPV�RI�IUHTXHQF\�RI�GDWD

FROOHFWLRQ��WKH�UHTXLUHG�OHYHO�RI�GDWD�DJJUHJDWLRQ��ZKLFK�PD\�LQFOXGH�HLWKHU�JHRJUDSKLFDO�DGPLQLVWUDWLYH

UHJLRQV�RU�WKH�W\SH�RI�DQDO\WLFDO�XQLW��DQG�GHJUHH�RI�DFFXUDF\���,Q�FHUWDLQ�FDVHV��GDWD�DW�PLFUR�OHYHO�PD\

DOVR�EH�UHTXLUHG�IRU�XQGHUWDNLQJ�HFRQRPLF�DQDO\VLV�
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$Q�LPSRUWDQW�SRLQW�LQ�GHWHUPLQLQJ�WKH�W\SH�RI�GDWD�DJJUHJDWLRQ�QHHGHG�LV�WKH�FRQVLGHUDWLRQ�RI�DUHDV�RI

FRQFHUQ�JHQHUDOO\�DGGUHVVHG�LQ�DJULFXOWXUDO�SODQQLQJ�RU�SROLF\�DQDO\VLV���,Q�WKLV�FRQWH[W��WKHUH�DUH�WKUHH

DUHDV�IRU�ZKLFK�DJJUHJDWHG�GDWD�DUH�JHQHUDOO\�QHHGHG��QDPHO\�DJJUHJDWHG�PDFUR�GDWD�UHODWLQJ�WR

DJULFXOWXUDO�FRPPRGLWLHV��WHFKQRORJ\�IRU�DJULFXOWXUDO�SURGXFWLRQ��DQG�VRFLRHFRQRPLF�LPSDFWV�RQ�WKH

SRSXODWLRQ�GHSHQGHQW�RQ�DJULFXOWXUH���7KH�XQLW�RI�DQDO\VLV�RU�DJJUHJDWLRQ�IRU�WKH�ILUVW�DUHD�RI�FRQFHUQ�LV

WKH�RXWFRPH�RI�DJULFXOWXUDO�DFWLYLW\��L�H��W\SH�RI�RXWSXW���ZKLOH�IRU�WKH�RWKHU�WZR�DUHDV�WKH\�DUH

DJULFXOWXUDO�KROGLQJ�DQG�LQVWLWXWLRQDO�XQLW��H�J��KRXVHKROGV���UHVSHFWLYHO\���7KH�ILUVW�W\SH�RI�XQLW�LV

EDVLFDOO\�DQ�LQYLVLEOH�XQLW��ZKLOH�WKH�RWKHU�WZR�XQLWV�DUH�YLVLEOH�DQG�DUH�DOVR�XVHG�DV�VDPSOLQJ�RU

HQXPHUDWLRQ�XQLWV���$�EULHI�GLVFXVVLRQ�RQ�HDFK�RI�WKH�WKUHH�DUHDV�RI�FRQFHUQ�LV�JLYHQ�EHORZ�DFFRUGLQJ�WR

XQLW�RI�DJJUHJDWLRQ�LQYROYHG�

& $JJUHJDWHG�PDFUR�GDWD�UHODWLQJ�WR�DJULFXOWXUDO�FRPPRGLWLHV���7KHVH�GDWD�DUH�UHTXLUHG�WR�NQRZ�D

FRXQWU\·V�WRWDO�DJULFXOWXUDO�SURGXFWLRQ��DPRXQW�RI�LQSXWV�XVHG��HWF���7KHVH�GDWD�DUH�DOVR�UHTXLUHG�IRU

WKH�FRPSLODWLRQ�RI�LQSXW�RXWSXW�WDEOHV��IRRG�DYDLODELOLW\��HWF���DQG�FDQ�EH�XVHG�WR�PDNH�GHFLVLRQV�RQ

YDULRXV�LVVXHV�UHODWLQJ�WR�IRRG�VXSSO\�DQG�IRUPXODWLRQ�RI�SURGXFWLRQ�WDUJHWV��H[SRUW�DQG�LPSRUW

SROLFLHV��HWF���6XFK�GDWD�GLVDJJUHJDWHG�E\�DGPLQLVWUDWLYH�VXEGLYLVLRQV��DJUR�FOLPDWLF�DJUR�HFRORJLFDO

]RQHV��HWF��SURYLGH�D�XVHIXO�EDVLV�IRU�IUDPLQJ�SROLFLHV�IRU�DGGUHVVLQJ�UHJLRQDO�GLVSDULWLHV�

& 'DWD�RQ�KROGLQJV���$Q�DJULFXOWXUDO�KROGLQJ�LV�DQ�HFRQRPLF�XQLW�RI�DJULFXOWXUDO�SURGXFWLRQ�XQGHU

VLQJOH�PDQDJHPHQW�ZLWKRXW�UHJDUG�WR�WLWOH��OHJDO�IRUP�RU�VL]H���$JJUHJDWHG�GDWD�RQ�DJULFXOWXUDO

KROGLQJV�DUH�UHTXLUHG�WR�PDNH�GHFLVLRQV�RQ�SURGXFWLRQ�WHFKQRORJLHV���7KHVH�GDWD�DUH�XVHG�IRU

PHDVXUHPHQW�RI�SURGXFWLYLW\��RXWSXW�LQSXW�DQG�FDSLWDO�RXWSXW�UDWLRV��HWF���IRU�WDNLQJ�GHFLVLRQV�RQ

FDSLWDO�DQG�ODERXU�VXEVWLWXWLRQ��PL[HG�IDUPLQJ�DQG�RSWLPXP�XWLOLVDWLRQ�RI�VFDUFH�UHVRXUFHV�LQ�DQ

HQYLURQPHQWDOO\�IULHQGO\�PDQQHU�WKURXJK�FURS�URWDWLRQ�DQG�RWKHU�VRLO�FRQVHUYDWLRQ�SURJUDPV���'DWD

RQ�DJULFXOWXUDO�KROGLQJV�DUH�DOVR�XVHIXO�IRU�FRPSLODWLRQ�RI�SURGXFWLRQ�IXQFWLRQ��HFRQRPLF�DQG

HQYLURQPHQWDO�LQGLFDWRUV�

& 'DWD�RQ�LQVWLWXWLRQDO�XQLWV���$Q�LQVWLWXWLRQDO�XQLW�LV�UHVSRQVLEOH�IRU�PDQDJLQJ�WKH�HFRQRPLF

RSHUDWLRQ�RQ�WKH�KROGLQJ���7KH�XQLW�LV�UHVSRQVLEOH�IRU�WDNLQJ�WHFKQLFDO�DQG�HFRQRPLF�GHFLVLRQV�IRU

FDUU\LQJ�RXW�HFRQRPLF�DFWLYLW\�DVVRFLDWHG�ZLWK�WKH�DJULFXOWXUDO�KROGLQJ�DV�ZHOO�DV�RWKHU

VRFLRHFRQRPLF�DFWLYLWLHV�DVVRFLDWHG�ZLWK�WKH�LQVWLWXWLRQDO�XQLW���7KXV��DQ�LQVWLWXWLRQDO�XQLW�LV�D�UHDO

HFRQRPLF�XQLW���%\�GHILQLWLRQ��LW�LV�FDSDEOH�RI�RZQLQJ�DVVHWV�DQG�LQFXUULQJ�OLDELOLWLHV�LQ�LWV�RZQ

ULJKW���,W�FDQ�UHFHLYH�DQG�VSHQG�LQFRPH��ERUURZ�DQG�OHQG��DQG�VR�RQ���$JJUHJDWHG�GDWD�IRU�VXFK

XQLWV�DUH�XVHIXO�WR�VWXG\�LPSDFW�RI�YDULRXV�SROLF\�PHDVXUHV�RQ�VRFLRHFRQRPLF�FRQGLWLRQV�RI�WKH

SRSXODWLRQ�GHSHQGHQW�RQ�DJULFXOWXUH���'DWD�RQ�LQVWLWXWLRQDO�XQLWV�DUH�DOVR�XVHIXO�IRU�PHDVXUHPHQW�RI

SRYHUW\�DQG�GHWHUPLQLQJ�OHYHOV�RI�OLYLQJ�RI�WKH�DJULFXOWXUDO�SRSXODWLRQ��FRPSLODWLRQ�RI�WHUPV�RI

WUDGH��HWF���6XFK�GDWD�DUH�DOVR�XVHG�IRU�PDNLQJ�JRYHUQPHQWDO�SROLFLHV�UHODWLQJ�WR�WD[HV�DQG

VXEVLGLHV��DQG�IRUPXODWLRQ�RI�PDFUR�PRGHOV�

��� &ULWLFDO�5HYLHZ�RI�WKH�([LVWLQJ�6\VWHP�RI�'DWD�&ROOHFWLRQ

,W�LV�QHFHVVDU\�WR�VWXG\�WKH�GLIIHUHQW�GLUHFW�RU�LQGLUHFW�VRXUFHV�ZKLFK�FDQ�SURYLGH�WKH�GDWD�SUHYLRXVO\

LGHQWLILHG���([DPLQDWLRQ�RI�WKH�GDWD�VRXUFHV�VKRXOG�EH�XQGHUWDNHQ�VHSDUDWHO\�IRU�HDFK�RI�WKH�DYDLODEOH

FHQVXVHV�DQG�VXUYH\V��DV�ZHOO�DV�IRU�RWKHU�VRXUFHV�OLNH�DGPLQLVWUDWLYH�UHFRUGV���7KH�LVVXHV�WR�EH

H[DPLQHG�PD\�LQFOXGH���D��IUHTXHQF\�DQG�JHRJUDSKLFDO�FRYHUDJH�RI�WKH�GDWD�FROOHFWLRQ���E��WKH�OLVW�RI

LWHPV�LQFOXGHG�LQ�WKH�LGHQWLILFDWLRQ�EORFN�DQG�WKHLU�FRQFHSWV�DQG�GHILQLWLRQ��DQG��F��WKH�OLVW�RI�LWHPV

FRYHUHG�LQ�WKH�VXUYH\�YLV�j�YLV�WKH�OLVW�RI�LWHPV�RQ�ZKLFK�GDWD�DUH�UHTXLUHG���$W�WKLV�VWDJH��HVSHFLDOO\�IRU

DJULFXOWXUDO�FHQVXVHV�DQG�VXUYH\V��LW�PD\�DOVR�EH�DVFHUWDLQHG�ZKHWKHU�LW�LV�SRVVLEOH�WR�PRGLI\�WKH
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FRQFHSWV�DQG�GHILQLWLRQV�XVHG�WR�UHIOHFW�WKH�QDWLRQDO�VWDQGDUGV��SUHIHUDEO\�OLQNHG�ZLWK�LQWHUQDWLRQDO

VWDQGDUGV����6XFK�D�PRGLILFDWLRQ�ZRXOG�SURYLGH�OLQNDJHV�ZLWK�RWKHU�GDWD�VRXUFHV�

7KH�GDWD�VRXUFHV�WR�EH�UHYLHZHG�DUH�QRW�RQO\�WKH�DJULFXOWXUDO�FHQVXVHV�RU�VXUYH\V�EXW�DOVR�WKH

SRSXODWLRQ�DQG�KRXVLQJ�FHQVXVHV��FHQVXVHV�VXUYH\V�RI�PDQXIDFWXULQJ�HVWDEOLVKPHQWV�

LQFRPH�H[SHQGLWXUH�FRQVXPSWLRQ�DQG�OHYHOV�RI�OLYLQJ�VXUYH\V���'DWD�FROOHFWHG�LQ�WKHVH�FHQVXVHV�VXUYH\V

FDQ�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�UHODWLQJ�WR�DJULFXOWXUDO�KRXVHKROGV��SRSXODWLRQ�GHSHQGHQW�RQ

DJULFXOWXUH��DQG�FRQVXPSWLRQ�RI�DJULFXOWXUDO�JRRGV�LQ�WKH�FRXQWU\���:KHUHYHU�QHFHVVDU\��WKH

DSSURSULDWH�WDEXODWLRQV�QHHG�WR�EH�GHULYHG�IURP�WKH�RULJLQDO�GDWD���6RPH�RI�WKH�GDWD�RQ�LWHPV�OLNH

SURFXUHPHQW�DQG�SURGXFHUV·�SULFHV�RI�DJULFXOWXUDO�SURGXFWV��GLVWULEXWLRQ�RI�IHUWLOLVHUV�DQG�SHVWLFLGHV�

HOHFWULFLW\�FRQVXPSWLRQ�IRU�DJULFXOWXUDO�SXUSRVHV��SD\PHQWV�PDGH�IRU�XVH�RI�JRYHUQPHQW�VRXUFHV�RI

LUULJDWLRQ�DQG�DFWXDO�FRVW�RI�PDLQWDLQLQJ�LUULJDWLRQ�V\VWHP��H[SRUWV�DQG�LPSRUWV�RI�DJULFXOWXUDO

FRPPRGLWLHV��H[SHQGLWXUH�RQ�UHVHDUFK�DQG�H[WHQVLRQ��HWF���FDQ�VRPHWLPHV�EH�REWDLQHG�IURP

DGPLQLVWUDWLYH�UHFRUGV�

��� 3URFHVVLQJ�'DWD�:LWKLQ�WKH�)UDPHZRUN�RI�6XSSO\�8WLOLVDWLRQ�DQG�(FRQRPLF�$FFRXQWV

7KH�WKLUG�VWHS�LQ�WKH�SURFHVV�RI�GHYHORSLQJ�D�FRPSUHKHQVLYH�V\VWHP�FRQVLVWV�RI�SURFHVVLQJ�WKH�GDWD

IURP�WKH�YDULRXV�VRXUFHV�ZLWKLQ�WKH�IUDPHZRUN�RI�VXSSO\�XWLOLVDWLRQ�DFFRXQWV�DQG�HFRQRPLF�DFFRXQWV

IRU�DJULFXOWXUH���7KLV�PD\�LQYROYH�UH�DJJUHJDWLRQ�DQG�UH�WDEXODWLRQ�RI�GDWD�DFFRUGLQJ�WR�WKH�UHOHYDQW

HFRQRPLF�XQLWV�DQG�PDNLQJ�VRPH�LPSXWDWLRQV�WR�ILOO�LQ�GDWD�JDSV���6XFK�DQ�H[HUFLVH�ZRXOG�HQDEOH�DQ

H[DPLQDWLRQ�RI�SRVVLEOH�LQFRQVLVWHQFLHV�RU�HUURUV�RI�WKH�GDWD�DQG�SURYLGH�WKH�EDVLV�IRU�GHULYLQJ

PHDVXUHV�VXFK�DV�IRRG�VXSSO\�DYDLODELOLW\��DJULFXOWXUDO�SURGXFWLYLW\��LQYHVWPHQW�DQG�*'3�LQ

DJULFXOWXUH��HWF�

��� ,GHQWLILFDWLRQ�RI�$GGLWLRQDO�'DWD�7KDW�0D\�%H�&ROOHFWHG�LQ�([LVWLQJ�&HQVXVHV�6XUYH\V

([DPLQDWLRQ�RI�WKH�OLVW�RI�LWHPV�FRYHUHG�LQ�RQ�JRLQJ�RU�VFKHGXOHG�FHQVXVHV�DQG�VXUYH\V�FRXOG�DOVR

UHYHDO�LI�GDWD�RQ�VRPH�DGGLWLRQDO�LWHPV�FRQQHFWHG�ZLWK�WKH�XQLW�RI�HQXPHUDWLRQ�FDQ�EH�FROOHFWHG���7KLV

ZRXOG�VWUHQJWKHQ�WKH�H[LVWLQJ�V\VWHP�RI�GDWD�FROOHFWLRQ�LQ�WKUHH�UHVSHFWV���D��SURYLGH�DGGLWLRQDO

LQIRUPDWLRQ�DW�D�QRPLQDO�LQFUHDVH�LQ�FRVW���E��IDFLOLWDWH�WKH�VWXG\�RI�FDXVH�DQG�HIIHFW�UHODWLRQVKLS��DQG

�F��SURYLGH�HDV\�FRQVLVWHQF\�FKHFNV�RQ�EDVLF�GDWD��E\�REVHUYLQJ�FHUWDLQ�NH\�UDWLRV�GHULYHG�IURP�WKH

GDWD����$V�DQ�LOOXVWUDWLRQ��ZKLOH�FROOHFWLQJ�GDWD�RQ�DJULFXOWXUDO�SURGXFWLRQ��LW�VKRXOG�DOVR�EH�IHDVLEOH�WR

FROOHFW�GDWD�RQ�LQSXWV��VHHG�YDULHW\�XVHG��VWDWXV�RI�LUULJDWLRQ��FURS�URWDWLRQ�DQG�RWKHU�FXOWLYDWLRQ

SUDFWLFHV��GHWDLOV�RI�VRLO�W\SH�DQG�TXDOLW\�RI�ODQG��HPSOR\PHQW��HWF���6XFK�DGGLWLRQDO�GDWD�DUH�RI�JUHDW

YDOXH�IRU�VWXG\LQJ�WKH�QDWXUDO�UHVRXUFH�EDVH�DQG�FRPSLODWLRQ�RI�HQYLURQPHQWDO�LQGLFDWRUV�DQG�*'3�

��� 1HHG�IRU�DQ�,QWHJUDWHG�+RXVHKROG�6XUYH\

7KH�LVVXHV�GLVFXVVHG�DERYH�IRFXVHG�RQ�WKH�FRUH�VWDWLVWLFV�QHHGHG�IRU�DJULFXOWXUDO�VHFWRU�SODQQLQJ���6XFK

LQIRUPDWLRQ�PD\�DOVR�KHOS�WR�PRQLWRU�WKH�FXUUHQW�WUHQGV�RI�JURZWK�RI�DJULFXOWXUDO�SURGXFWLRQ�ZLWKLQ�WKH

SURFHVV�RI�RYHUDOO�HFRQRPLF�GHYHORSPHQW��VRXQG�XVH�RI�DJULFXOWXUDO�LQSXWV��LQFOXGLQJ�SODQW�QXWULWLRQ

DQG�VRLO�IHUWLOLW\��DQG�WHFKQRORJ\�RI�SURGXFWLRQ���XVH�RI�ODERXU��FDSLWDO�DQG�QDWXUDO�UHVRXUFHV��ODQG�DQG

ZDWHU���VWUHQJWKHQLQJ�KXPDQ�UHVRXUFHV�DQG�LQVWLWXWLRQDO�FDSDFLW\��HGXFDWLRQ��WUDLQLQJ�DQG�H[WHQVLRQ

VHUYLFHV���DYDLODELOLW\�RI�FUHGLW�DQG�LQSXWV�YLV�j�YLV�SURGXFWLYLW\��QXWULWLRQDO�VWDWXV�DQG�TXDOLW\�RI�IRRG�

DQG�UXUDO�GHYHORSPHQW���+RZHYHU��WKH�REMHFWLYH�RI�WKH�SROLF\PDNHU�LQ�JRYHUQPHQW�FRXOG�DOVR�EH�WR

DVVHVV�WKH�LPSDFW�RI�YDULRXV�SROLF\�PHDVXUHV�RQ�FHUWDLQ�GHYHORSPHQW�REMHFWLYHV��IRU�H[DPSOH�WKH�LPSDFW

RI�SULFHV�RI�DJULFXOWXUDO�SURGXFWV��RU�WD[HV�DQG�VXEVLGLHV�UHODWHG�WR�WKH�DJULFXOWXUDO�VHFWRU��RQ�WKH�OHYHO
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RI�OLYLQJ�RI�SRSXODWLRQ�GHSHQGHQW�RQ�DJULFXOWXUH��WKH�LPSDFW�RI�FRQVHUYDWLRQ�RQ�VWDWXV�RI�VRLO�DQG

DJULFXOWXUDO�JURZWK��HWF�

$V�JRYHUQPHQW�SROLFLHV�DQG�SURJUDPPHV�SULPDULO\�DGGUHVV�WKH�QHHGV�DQG�ZHOIDUH�RI�WKH�SRSXODWLRQ��LW

LV�REYLRXV�WKDW�DWWHQWLRQ�VKRXOG�LQ�WKH�ILUVW�LQVWDQFH�EH�IRFXVHG�RQ�WKH�LPSDFW�RI�DJULFXOWXUDO�SROLFLHV�RQ

WKH�DYDLODELOLW\�RI�IRRG�LQ�JHQHUDO�DQG�WKH�HFRQRPLF�FRQGLWLRQ�RI�WKH�SRSXODWLRQ�GHSHQGHQW�RQ

DJULFXOWXUH���7KLV�UHTXLUHV�GDWD�RQ�WKH�ZHOIDUH�RI�WKH�DJULFXOWXUDO�KRXVHKROGV�FROOHFWHG�FRQFXUUHQWO\

ZLWK�LQIRUPDWLRQ�RQ�WKH�NH\�DJULFXOWXUDO�YDULDEOHV�SHUWDLQLQJ�WR�WKH�KROGLQJV�RZQHG�RU�RSHUDWHG�E\�WKH

KRXVHKROGV�

6DPSOH�VXUYH\V�RI�KRXVHKROGV�DUH�WKH�SULQFLSDO�YHKLFOH�IRU�FROOHFWLQJ�VRFLRHFRQRPLF�GDWD�IRU�WKH

SRSXODWLRQ�RU�VSHFLILF�JURXSV�RI�WKH�SRSXODWLRQ���'DWD�FROOHFWHG�RQ�KRXVHKROG

LQFRPH�FRQVXPSWLRQ�H[SHQGLWXUH�LQ�VXFK�VXUYH\V�VHUYH�D�ZLGH�YDULHW\�RI�XVHV�VXFK�DV�PHDVXUHPHQW�RI

WKH�OHYHOV�RI�OLYLQJ�DQG�WKH�GLVSDULWLHV�DPRQJ�VRFLRHFRQRPLF�JURXSV��PHDVXUHPHQW�RI�DEVROXWH�DQG

UHODWLYH�SRYHUW\��PHDVXUHPHQW�RI�WKH�LPSDFW�RI�JRYHUQPHQW·V�VRFLRHFRQRPLF�SROLFLHV�IRU�WKH�EHQHILW�RI

GLIIHUHQW�LQFRPH��RU�UHJLRQDO��JURXSV��HWF���,Q�VHYHUDO�FRXQWULHV�ZKHUH�DUHD�IUDPH�OLVWV�DUH�QRW

DYDLODEOH��HIIRUWV�KDYH�EHHQ�PDGH�WR�XVH�WKH�KRXVHKROG�DSSURDFK�DOVR�WR�FRQGXFW�DJULFXOWXUDO�VXUYH\V��

+RZHYHU��DOWKRXJK�KRXVHKROG�VXUYH\V�FROOHFWLQJ�GDWD�RQ�LQFRPH�DQG�RWKHU�VRFLRHFRQRPLF�YDULDEOHV

DOVR�GR�FROOHFW�VRPH�GDWD�RQ�DJULFXOWXUDO�LQFRPH�SURGXFWLRQ��WKH�GHWDLOV�FRYHUHG�GR�QRW�SHUPLW�D�VWXG\

RI�WKH�HFRQRPLF�DVSHFWV�RI�DJULFXOWXUDO�DFWLYLWLHV�SHUIRUPHG�E\�WKH�KRXVHKROG���6LPLODUO\��DJULFXOWXUDO

VXUYH\V�UDUHO\�FROOHFW�HQRXJK�GHWDLOV�RQ�WKH�VRFLRHFRQRPLF�DVSHFWV�RI�WKH�DJULFXOWXUDO�DFWLYLW\���)RU�WKLV

UHDVRQ��D�VLQJOH�KRXVHKROG��PXOWL�VXEMHFW�VXUYH\�FROOHFWLQJ�GDWD�RQ�NH\�DJULFXOWXUDO�DQG�ZHOIDUH

YDULDEOHV�RI�LQWHUHVW�PD\�QHHG�WR�EH�FRQVLGHUHG�IRU�WKH�SXUSRVH�RI�DVVHVVLQJ�WKH�LPSDFW�RI�DJULFXOWXUDO

SROLFLHV�RQ�WKH�ZHOIDUH�RI�WKH�SRSXODWLRQ�GHSHQGHQW�RQ�DJULFXOWXUH���$OWHUQDWLYHO\��RQH�RI�WKH�H[LVWLQJ

VXUYH\V�XVLQJ�WKH�KRXVHKROG�DV�WKH�VDPSOLQJ�XQLW�PD\�EH�UHGHVLJQHG�WR�FRYHU�WKH�UHTXLUHG�DJULFXOWXUDO

DQG�ZHOIDUH�YDULDEOHV���,Q�YLHZ�RI�WKH�VFDUFLW\�RI�UHVRXUFHV��WKH�ODWWHU�DSSURDFK�PD\�EH�SUHIHUDEOH��

:KDWHYHU�PD\�EH�WKH�FDVH��VXFK�VXUYH\V�UHTXLUH�FDUHIXO�SODQQLQJ�DV�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�

�� 0HWKRGRORJLFDO�,VVXHV�5HODWLQJ�WR�3ODQQLQJ�RI�WKH�0XOWL�VXEMHFW�+RXVHKROG�6XUYH\

,Q�DGGLWLRQ�WR�LQFOXGLQJ�DJULFXOWXUDO�DQG�ZHOIDUH�UHODWHG�LWHPV�LQ�D�VLQJOH�KRXVHKROG��PXOWL�VXEMHFW

VXUYH\��WKH�LVVXHV�LQYROYHG�ZRXOG�EH�UHODWHG�WR�WKH�LPSURYHPHQW�LQ�WKH�HIILFLHQF\�RI�VDPSOLQJ�GHVLJQ�WR

REWDLQ�UHOLDEOH�GDWD�DQG�FRYHUDJH�RI�DUHDV�ZKLFK�KDYH�EHHQ�OHIW�RXW�LQ�WKH�H[LVWLQJ�SURJUDP���,Q�WKLV

FRQQHFWLRQ��LW�PD\�EH�QHFHVVDU\�WR�PDNH�D�GHWDLOHG�DQDO\VLV�RI�WKH�H[LVWLQJ�V\VWHP�RI�KRXVHKROG�VXUYH\V

E\�ORRNLQJ�DW�WKH�VDPSOLQJ�IUDPH��VDPSOLQJ�GHVLJQ��H[LVWLQJ�VDPSOH�VL]H�DQG�OHYHO�RI�VWDQGDUG�HUURU�RI

HVWLPDWH���$�FKRLFH�ZRXOG�KDYH�WR�EH�PDGH�UHJDUGLQJ�WKH�XVH�RI�YDULRXV�WHFKQLTXHV�VXFK�DV�VPDOO�DUHD

WHFKQLTXHV��UDWLR�DQG�UHJUHVVLRQ�HVWLPDWRUV��SDQHO�DSSURDFK��VXEVDPSOLQJ��UHPRWH�VHQVLQJ�DQG�DUHD

IUDPH�WHFKQLTXHV���7KH�VHOHFWLRQ�RI�DQ\�WHFKQLTXH�ZRXOG�YHU\�PXFK�GHSHQG�XSRQ�WKH�DYDLODELOLW\�RI

UHVRXUFHV��WKH�H[LVWLQJ�VHW�XS�DQG�WKH�W\SH�RI�GDWD�UHTXLUHG�WR�EH�FROOHFWHG���,Q�WKLV�VHFWLRQ��ZH�ZLOO

GLVFXVV�VRPH�RI�WKHVH�PHWKRGRORJLFDO�LVVXHV�

,Q�D�VLQJOH�VXEMHFW�VXUYH\��WKH�DLP�LV�WR�FROOHFW�GDWD�RQ�RQH�SULQFLSDO�LWHP�ZKLFK�FDQ�EH�WDEXODWHG

DFFRUGLQJ�WR�YDULRXV�FODVVLILFDWRU\�YDULDEOHV���6XFK�VXUYH\V�GR�FROOHFW�GDWD�RQ�RWKHU�VXEMHFWV��EXW�WKH

LQIRUPDWLRQ�RQ�WKHVH�VXEMHFWV�LV�PLQLPDO�DQG�PD\�QRW�VXSSRUW�DQDO\WLFDO�XVDJH�GXH�WR�SUREOHPV

DVVRFLDWHG�ZLWK�FRQFHSWV�XVHG�IRU�PHDVXUHPHQW��DGHTXDWH�UHSUHVHQWDWLRQ�LQ�WKH�WRWDO�SRSXODWLRQ��DPRXQW

RI�GHWDLOV�FROOHFWHG��HWF���7KHVH�VXUYH\V�JHQHUDOO\�XVH�VWUDLJKWIRUZDUG�VDPSOLQJ�WHFKQLTXHV�OLNH�VLPSOH

UDQGRP�VDPSOLQJ�VXSSRUWHG�E\�VWUDWLILFDWLRQ�RU�FOXVWHU�PHWKRGV�DV�DQ�DLG�IRU�VHOHFWLRQ�RI�VDPSOH���9HU\

RIWHQ�WHFKQLTXHV�RI�PXOWL�VWDJH�FOXVWHU�VDPSOLQJ�DQG�GRXEOH�VDPSOLQJ�DUH�XVHG�IRU�D�UHGXFWLRQ�RI�FRVWV��

$X[LOLDU\�LQIRUPDWLRQ�PD\�EH�XVHG�IRU�VWUDWLILFDWLRQ��EXW�WKLV�LV�QRW�YHU\�UHOHYDQW�DV�VWUDWLILFDWLRQ�LV
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GRQH�IRU�WKH�VDNH�RI�DGPLQLVWUDWLYH�FRQYHQLHQFH�LQ�WKHVH�VXUYH\V���8VH�RI�WKHVH�WHFKQLTXHV�LV�FRPPRQ

HYHQ�LI�LW�DGYHUVHO\�DIIHFWV�WKH�HIILFLHQF\�RI�WKH�HVWLPDWH�

0XOWL�VXEMHFW�VXUYH\V�DUH�FRQGXFWHG�IRU�FRYHULQJ�D�YDULHW\�RI�VXEMHFWV��YDULDEOHV����6LQFH�WKH�GDWD�RQ�WKH

UDQJH�RI�YDULDEOHV�FROOHFWHG�DUH�WR�DVVLVW�PRGHO�EXLOGLQJ��WKH�XVH�RI�LQIRUPDWLRQ�RQ�DX[LOLDU\�YDULDEOHV

DQG�LQWUD�FOXVWHU�FRUUHODWLRQ�SOD\V�D�YLWDO�UROH�LQ�WKHVH�VXUYH\V���)RU�H[DPSOH��DX[LOLDU\�LQIRUPDWLRQ�LV

FRQVLGHUHG�ERWK�IRU�GHVLJQLQJ�D�VDPSOLQJ�VFKHPH�DQG�IRU�HVWLPDWLQJ�D�SDUWLFXODU�SDUDPHWHU���6LPLODUO\�

WHFKQLTXHV�OLNH�SRVW�VWUDWLILFDWLRQ��UDWLR�DQG�UHJUHVVLRQ�HVWLPDWRUV�DUH�XVHG�IRU�PRGHO�DVVLVWHG

HVWLPDWLRQ���$V�UHJDUGV�WKH�VDPSOLQJ�GHVLJQ��WKH�WHFKQLTXH�RI�V\VWHPDWLF�VDPSOLQJ�LV�SUHIHUUHG�QRW�RQO\

IRU�WKH�VDNH�RI�FRQYHQLHQFH�LQ�VHOHFWLQJ�WKH�VDPSOH�EXW�DOVR�WR�LQFUHDVH�LWV�HIILFLHQF\���6RPHWLPHV�LW�LV

IHDVLEOH�WR�WUDQVIRUP�WKH�EDVLF�OLVW�WR�WDNH�DGYDQWDJH�RI�WKLV�WHFKQLTXH���+RZHYHU��LQ�VXFK�FDVHV��FDUH

ZRXOG�KDYH�WR�EH�WDNHQ�VR�WKDW�WKH�F\FOH�IRU�VHOHFWLRQ�RI�WKH�VDPSOH�GRHV�QRW�FRLQFLGH�ZLWK�WKH�F\FOH

SUHVHQW�LQ�WKH�OLVW���,Q�PXOWL�VXEMHFW�VXUYH\V��LW�LV�DOVR�LPSRUWDQW�QRW�RQO\�WR�JR�LQWR�GHWDLOV�RI�GHVLJQLQJ

WKH�VDPSOH�EXW�LQWR�WKH�GDWD�DQDO\VLV�UHTXLUHG���6RPHWLPHV�LW�PD\�EH�QHFHVVDU\�WR�DGRSW�D�SDUWLFXODU

VFKHPH�IRU�VWUDWLILFDWLRQ�RU�WR�XVH�FOXVWHU�VDPSOLQJ���+RZHYHU��DV�WKHVH�PD\�DIIHFW�WKH�GDWD�DQDO\VLV��WKH

´QXLVDQFH�DSSURDFKµ�PD\�KDYH�WR�EH�DGRSWHG���$V�WKHVH�LVVXHV�FDQ�EH�HODERUDWHG�RQO\�LQ�DQ�DFWXDO�FDVH�

WKH�GLVFXVVLRQ�EHORZ�LV�OLPLWHG�WR�WKH�JHQHUDO�SULQFLSOHV���)RU�PRUH�GHWDLOV��UHIHUHQFH�PD\�EH�PDGH�WR

VWDQGDUG�WH[W�ERRNV�OLNH�3UDFWLFDO�0HWKRGV�IRU�'HVLJQ�DQG�$QDO\VLV�RI�&RPSOH[�6XUYH\V�>/HKWRQHQ�DQG

3DKNLQHQ�����@�

,Q�FRQGXFWLQJ�D�PXOWL�VXEMHFW�KRXVHKROG�VXUYH\�IRU�WKH�SXUSRVH�RI�LPSDFW�DVVHVVPHQW��LQWHUHVW�LV

JHQHUDOO\�LQ�PLFUR�OHYHO�DQDO\VLV�ZKHUH�LW�LV�LPSRUWDQW�WR�VWXG\�WKH�VDPH�JURXS�RI�KRXVHKROGV�RYHU�D

QXPEHU�RI�\HDUV�VR�WKDW�WKH�LPSDFW�RI�SROLF\�GRHV�QRW�JHW�FRQIRXQGHG�ZLWK�VDPSOLQJ�DQG�QRQ�VDPSOLQJ

HUURUV���,Q�VXFK�FDVHV��WZR�RSWLRQV�DUH�DYDLODEOH���,Q�WKH�ILUVW�RSWLRQ��RQO\�SDUW�RI�WKH�KRXVHKROGV�DUH

UHWDLQHG�IRU�D�QXPEHU�RI�\HDUV�VR�WKDW�WKH�UHDO�FKDQJH�DQG�WKH�HVWLPDWHG�DPRXQW�RI�WRWDO�EHQHILW�ZKLFK

FDQ�RFFXU�FRXOG�EH�VWXGLHG�WKURXJK�D�FRPELQDWLRQ�RI�PLFUR�DQG�PDFUR�OHYHO�DQDO\VLV���,Q�WKH�VHFRQG

RSWLRQ��RQH�PD\�FROOHFW�GDWD�RQ�D�VHOHFWHG�QXPEHU�RI�DWWULEXWHV�IRU�WZR�SHULRGV���:KLOH�WKH�ILUVW

DSSURDFK�LV�PRUH�G\QDPLF�DQG�FDQ�EH�IDFLOLWDWHG�E\�WHFKQLTXHV�OLNH�SDQHO�VXUYH\V��LW�SURYLGHV�D�OHVV

HIILFLHQW�HVWLPDWH�DV�WKH�H[HUFLVH�LV�OLPLWHG�WR�SDUW�RI�D�ODUJHU�VDPSOH���7KH�VHFRQG�DSSURDFK�LV�QRUPDOO\

DGRSWHG�ZKHQ�D�´EHIRUH�DQG�DIWHUµ�W\SH�RI�DVVHVVPHQW�LV�UHTXLUHG���+RZHYHU��LQ�VXFK�FDVHV��UHFDOO�ODSVH

LV�TXRWHG�DV�D�PDMRU�SUREOHP���$SDUW�IURP�WKHVH�OLPLWDWLRQV��RWKHU�VRXUFHV�RI�HUURUV�OLNH�HQXPHUDWRU

ELDV�DQG�IDFWRUV�OLNH�UHVSRQGHQW�EXUGHQ�DQG�FKDQJHV�LQ�WKH�VWDWXV�RI�FHUWDLQ�UHVSRQGHQWV�QHHG�WR�EH

FRQVLGHUHG�ZKLOH�SODQQLQJ�VXFK�VXUYH\V�

�� &RQFHSWXDO�,VVXHV�IRU�&RQGXFWLQJ�+RXVHKROG�6XUYH\V�WR�6WXG\�$JULFXOWXUDO�6HFWRU

,UUHVSHFWLYH�RI�WKH�QDWXUH�DQG�SXUSRVH�RI�FRQGXFWLQJ�VDPSOH�VXUYH\V��WKHUH�DUH�VRPH�FRQFHSWXDO�LVVXHV

ZKLFK�UHTXLUH�FDUHIXO�FRQVLGHUDWLRQ���,VVXHV�OLNH�FKRLFH�RI�VXUYH\�SRSXODWLRQ��VDPSOLQJ�DQG�HQXPHUDWLRQ

XQLWV�DQG�SHULRGLFLW\�QDWXUDOO\�GHSHQG�RQ�WKH�REMHFWLYH�RI�WKH�VXUYH\���7KHVH�LVVXHV�KDYH�WR�D�ODUJH

H[WHQW�EHHQ�GLVFXVVHG�LQ�)$2�SXEOLFDWLRQV�>)$2�����������D������E������E@�GHDOLQJ�ZLWK�WKH�FRQGXFW

RI�DJULFXOWXUDO�FHQVXVHV�DQG�VDPSOH�VXUYH\V�LQFOXGLQJ�WKH�UHODWLYH�DGYDQWDJH�RI�DGRSWLQJ�PXOWLSOH�IUDPH

PHWKRGV�YLV�j�YLV�OLVW�IUDPH�DQG�RWKHU�WHFKQLTXHV���+HUH��ZH�ZRXOG�OLNH�WR�KLJKOLJKW�WKUHH�FRQFHSWXDO

LVVXHV�ZKLFK�DUH�YLWDO�IRU�FRQGXFWLQJ�D�KRXVHKROG�VXUYH\�IRU�VWXG\LQJ�LVVXHV�UHODWLQJ�WR�DJULFXOWXUDO

VHFWRU���D��FKRLFH�RI�DFFRXQWLQJ�DQG�UHIHUHQFH�SHULRG���E��FRQFHSW�RI�DJULFXOWXUDO�KRXVHKROGV��DQG��F�

FRQFHSWV�UHODWLQJ�WR�SURGXFWLRQ��LQFRPH��FRQVXPSWLRQ��HWF�

7KH�FKRLFH�RI�SURSHU�UHIHUHQFH�SHULRGV�IRU�GDWD�FROOHFWLRQ�DQG�WKH�DFFRXQWLQJ�SHULRG�DUH�YLWDO�IRU�DQ\

LQWHJUDWHG�KRXVHKROG�VXUYH\���1RUPDOO\��LQFRPH�GDWD�DUH�FROOHFWHG�XVLQJ�WKH�UHIHUHQFH�SHULRG�RI�D�\HDU�

ZKLOH�IRU�KRXVHKROG�FRQVXPSWLRQ�H[SHQGLWXUH��D�PRQWK�RU�D�IRUWQLJKW�LV�XVHG���2Q�WKH�RWKHU�KDQG��FURS
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GDWD�LQ�DJULFXOWXUDO�VXUYH\V�DUH�FROOHFWHG�XVLQJ�D�UHIHUHQFH�SHULRG�WKDW�FRUUHVSRQGV�WR�WKH�SUHYDLOLQJ

FURS�VHDVRQ�RU�DJULFXOWXUDO�\HDU���7KXV��LQ�WKH�FRQWH[W�RI�D�PXOWL�VXEMHFW�KRXVHKROG�VXUYH\�LQWHJUDWLQJ

DJULFXOWXUH�DQG�ZHOIDUH�UHODWHG�YDULDEOHV��WKHUH�LV�D�QHHG�WR�V\QFKURQLVH�WKH�GLIIHUHQW�UHIHUHQFH�SHULRGV

VXFK�WKDW�WKH�LQIRUPDWLRQ�FROOHFWHG�RQ�WKH�ZHOIDUH�UHODWHG�YDULDEOHV�DUH�DV�PXFK�DV�SRVVLEOH�OLQNHG�WR�WKH

LQFRPH�RULJLQDWLQJ�IURP�WKH�DJULFXOWXUDO�RXWSXW���7KLV�FRXOG�EH�DFFRPSOLVKHG�E\�FKRRVLQJ�D�VXLWDEOH

DFFRXQWLQJ�SHULRG�

7KH�FRQFHSW�RI�WKH�DJULFXOWXUDO�KRXVHKROG�LV�DQRWKHU�LVVXH�ZKLFK�UHTXLUHV�FRQVLGHUDWLRQ���$Q

DJULFXOWXUDO�KRXVHKROG�FDQ�EH�GHILQHG�LQ�IRXU�ZD\V���L��WDNLQJ�WKH�HFRQRPLF�DFWLYLW\��L�H��RSHUDWLQJ�DQ

DJULFXOWXUDO�KROGLQJ��RI�WKH�KHDG�RI�WKH�KRXVHKROG���LL��WDNLQJ�WKH�PDMRU�VRXUFH�RI�LQFRPH�RI�WKH

KRXVHKROG���LLL��FRQVLGHULQJ�LI�DQ\�PHPEHU�RI�WKH�KRXVHKROG�LV�RSHUDWLQJ�DQ�DJULFXOWXUDO�KROGLQJ��RU

�LY��FRQVLGHULQJ�LI�DQ\�PHPEHU�RI�WKH�KRXVHKROG�LV�HQJDJHG�LQ�WKH�DJULFXOWXUDO�DFWLYLW\�LUUHVSHFWLYH�RI

ZKHWKHU�KH�LV�RSHUDWLQJ�DQ�DJULFXOWXUDO�KROGLQJ���$OO�IRXU�DSSURDFKHV�OHDG�WR�GLIIHUHQW�PHDVXUHV�RI

SRSXODWLRQ�GHSHQGHQW�RQ�DJULFXOWXUH�DQG�VHUYH�GLIIHUHQW�REMHFWLYHV���7KH�ILUVW�DSSURDFK�DVVXPHV�WKDW�WKH

KROGLQJ�LV�QRUPDOO\�RSHUDWHG�E\�WKH�KHDG�RI�WKH�KRXVHKROG��DV�LV�WKH�FDVH�LQ�PDQ\�GHYHORSLQJ�FRXQWULHV�

DQG�E\�FRQYHQWLRQ�WKH�KRXVHKROG�LV�DQ�DJULFXOWXUDO�KRXVHKROG��ZKHUHDV�WKH�VHFRQG�DSSURDFK�OLPLWV�WKH

DUHD�RI�VWXG\�WR�WKRVH�KRXVHKROGV�ZKRVH�SULQFLSDO�DFWLYLW\�LV�DJULFXOWXUH���,Q�WKH�WKLUG�DSSURDFK��DOO

KRXVHKROGV�RSHUDWLQJ�DJULFXOWXUDO�KROGLQJV�DUH�FRYHUHG��ZKHUHDV�LQ�WKH�IRXUWK�DSSURDFK�DOO�KRXVHKROGV

GHSHQGHQW��IXOO\�RU�SDUWLDOO\��RQ�DJULFXOWXUH�DUH�LQFOXGHG���$�GHWDLOHG�GLVFXVVLRQ�RQ�WKLV�LVVXH�DQG

UHODWHG�FRQFHSWV�LV�JLYHQ�LQ�WKH�)$2�3XEOLFDWLRQV�&ROOHFWLQJ�6WDWLVWLFV�RQ�$JULFXOWXUDO�3RSXODWLRQ�DQG

(PSOR\PHQW�>)$2�����@�DQG�0XOWLSOH�)UDPH�$JULFXOWXUDO�6XUYH\V��9ROXPH�,,���&XUUHQW�6XUYH\V�RQ

$UHD�DQG�/LVW�6DPSOLQJ�0HWKRGV�>)$2�����D@�

&RQFHSWV�UHODWLQJ�WR�SURGXFWLRQ��LQFRPH��FRQVXPSWLRQ��HWF���ZKLFK�DUH�YLWDO�IRU�LQYHVWLJDWLQJ�LVVXHV

UHODWLQJ�WR�WKH�DJULFXOWXUDO�VHFWRU��DOVR�QHHG�WR�EH�FRQVLGHUHG�LQ�WKH�KRXVHKROG�VXUYH\�TXHVWLRQQDLUH��

7KHVH�LVVXHV�FRPH�QRUPDOO\�XQGHU�WKH�SUHYLHZ�RI�QDWLRQDO�DFFRXQWLQJ�DQG�UHIHUHQFH�FDQ�EH�PDGH�WR

6\VWHP�RI�1DWLRQDO�$FFRXQWV�>81�HW�DO������@�ZKHUH�WKH�UHODWHG�FRQFHSWV�KDYH�EHHQ�GLVFXVVHG�LQ�GHWDLO��

$Q�DFFXUDWH�PHDVXUH�RI�HDFK�RI�WKH�LWHPV�RI�SURGXFWLRQ��LQFRPH��FRQVXPSWLRQ�RU�H[SHQGLWXUH�LQ

SK\VLFDO�WHUPV�DV�ZHOO�DV�LQ�PRQHWDU\�WHUPV�DUH�XVHIXO�QRW�RQO\�RQ�WKHLU�RZQ�ULJKW�EXW�DOVR�WR�IDFLOLWDWH�D

FRQVLVWHQF\�FKHFN���,W�LV�LPSRUWDQW�WR�FOHDUO\�GHILQH�ZKLFK�LWHPV�DUH�UHTXLUHG�WR�EH�LQFOXGHG���$V�DQ

LOOXVWUDWLRQ��WKHUH�DUH�LVVXHV�UHJDUGLQJ�WKH�DFFRXQWLQJ�RI�D�VWDQGLQJ�FURS��H[SHQGLWXUH�RQ�SXUFKDVH�RI

OLYHVWRFN�DQG�PDFKLQHU\��YDOXDWLRQ�RI�FURS�O\LQJ�LQ�D�ILHOG�RU�NHSW�LQ�WKH�IDUP�VWRUH�KRXVH���)RU�DQ�LQ�

GHSWK�GLVFXVVLRQ�RQ�WKHVH�LVVXHV�UHIHUHQFH�PD\�EH�PDGH�WR�$�6\VWHP�RI�(FRQRPLF�$FFRXQWV�IRU�)RRG

DQG�$JULFXOWXUH�>)$2�����F@�

�� &RQFOXGLQJ�5HPDUNV���D�)HDVLEOH�6ROXWLRQ

*DOLOHR��ZKLOH�H[SODLQLQJ�WKH�WKHRU\�RI�IXOFUXP��VWDWHG�WKDW�LI�KH�LV�JLYHQ�D�SODFH�RXWVLGH�WKLV�XQLYHUVH�WR

VWDQG�DQG�IL[�D�OHYHU��KH�ZRXOG�EH�DEOH�WR�OLIW�WKLV�XQLYHUVH���,W�LV�WUXH�WKDW�QHLWKHU�D�SODFH�ZDV�DYDLODEOH

QRU�WKH�XQLYHUVH�ZDV�OLIWHG��\HW�WKHUH�ZHUH�PDQ\�LOOXVWUDWLRQV�WR�GHPRQVWUDWH�WKH�SULQFLSOH���/LNHZLVH��LW

PD\�QRW�EH�IHDVLEOH�WR�GHVLJQ�DQG�LPSOHPHQW�WKH�SHUIHFW�LQIRUPDWLRQ�V\VWHP�IRU�GHFLVLRQ�PDNHUV�IRU�DOO

FRXQWULHV��EXW�LW�LV�QHFHVVDU\�WR�PDNH�D�EHJLQQLQJ�E\�VWUHQJWKHQLQJ�WKH�H[LVWLQJ�V\VWHP�RI�DJULFXOWXUDO

VWDWLVWLFV�ZKLFK�ZRXOG�FRQVLVW�RI�LPSURYLQJ�D�FRUH�EORFN�RI�HVVHQWLDO�VWDWLVWLFV�ZLWK�K\SHU�OLQNDJH�ZLWK

WKH�KRXVHKROG�VHFWRU���7RGD\�LW�PD\�QRW�EH�IHDVLEOH�IRU�PDQ\�FRXQWULHV�WR�FROOHFW�DOO�WKH�GDWD�UHTXLUHG

IRU�LQYHVWLJDWLQJ�RSWLRQV�IRU�SROLF\�DFWLRQ��EXW�DW�OHDVW�D�EDVH�ZRUN�FDQ�EH�LQLWLDWHG���7KLV�LVVXH�LV�WR�EH

WDNHQ�XS�DORQJ�ZLWK�EXLOGLQJ�DQ�LQ�KRXVH�FDSDELOLW\�IRU�FROOHFWLRQ��SURFHVVLQJ�DQG�DQDO\VLV�RI�GDWD���$

VWURQJ�JRYHUQPHQW�VXSSRUW�DQG�D�JUHDW�GHDO�RI�KHOS�ZRXOG�EH�UHTXLUHG�IURP�LQWHUQDWLRQDO�RUJDQLVDWLRQV

DQG�GHYHORSHG�FRXQWULHV�LQ�SODQQLQJ��ILQDQFLQJ�DQG�GHYHORSLQJ�QDWLRQDO�FDSDFLWLHV�WR�PDLQWDLQ�VXFK�D

V\VWHP�



���

5HIHUHQFHV

)$2����������&ROOHFWLQJ�6WDWLVWLFV�RQ�$JULFXOWXUDO�3RSXODWLRQ�DQG�(PSOR\PHQW ��5RPH�

)$2����������3URJUDPPH�IRU�WKH�:RUOG�&HQVXV�RI�$JULFXOWXUH�������)$2�6WDWLVWLFDO�'HYHORSPHQW�6HULHV�1R�����5RPH�

)$2������D����&RQGXFWLQJ�$JULFXOWXUDO�&HQVXVHV�DQG�6XUYH\V��)$2�6WDWLVWLFDO�'HYHORSPHQW�6HULHV�1R�����5RPH�

)$2������E����0XOWLSOH�)UDPH�$JULFXOWXUDO�6XUYH\V��9ROXPH�����&XUUHQW�6XUYH\V�RQ�$UHD�DQG�/LVW�6DPSOLQJ�0HWKRGV �

)$2�6WDWLVWLFDO�'HYHORSPHQW�6HULHV�1R�����5RPH�

)$2������F����$�6\VWHP�RI�(FRQRPLF�$FFRXQWV�IRU�)RRG�DQG�$JULFXOWXUH��)$2�6WDWLVWLFDO�'HYHORSPHQW�6HULHV�1R�����5RPH�

)$2������D����0XOWLSOH�)UDPH�$JULFXOWXUDO�6XUYH\V��9ROXPH�,,���&XUUHQW�6XUYH\V�RQ�$UHD�DQG�/LVW�6DPSOLQJ�0HWKRGV �

)$2�6WDWLVWLFDO�'HYHORSPHQW�6HULHV�1R���D��5RPH�

)$2������E����3URJUDPPH�IRU�WKH�:RUOG�&HQVXV�RI�$JULFXOWXUH�������$GGLWLRQDO�*XLGHOLQHV�RQ�(PSOR\PHQW ��)$2�6WDWLVWLFDO

'HYHORSPHQW�6HULHV�1R���D��5RPH�

/HKWRQHQ��5��DQG�3KNLQHQ��(�-�����������3UDFWLFDO�0HWKRGV�IRU�'HVLJQ�DQG�$QDO\VLV�RI�&RPSOH[�6XUYH\V��5HYLVHG�HGLWLRQ�

81��HW�DO�����������6\VWHP�RI�1DWLRQDO�$FFRXQWV��6HULHV�)�1R����5HY����


