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,QWURGXFWLRQ

$Q�REMHFW�RULHQWHG�DSSURDFK�WR�VWDWLVWLFDO�SURJUDPPLQJ�DQG�DQDO\VLV�IRFXVHV�DWWHQWLRQ�RQ�WKH�FRQWHQW�RI�WKH

VWDWLVWLFDO�PRGHO��EXW�QRW�RQ�WKH�GHWDLOV�RI�WKH�FRPSXWDWLRQ��7KLV�SURJUDPPLQJ�DQG�DQDO\VLV�VW\OH�HQDEOHV

\RX�WR�SHUIRUP�DQDO\VHV�XVLQJ�RQO\�VWDWLVWLFDO�FDWHJRULHV��ZKLOH�PDNLQJ�FRPSXWDWLRQV�WUDQVSDUHQW��6XFK�D

VW\OH�LV�LPSOHPHQWHG�WKURXJK�WKH�XVH�RI�FODVVHV�DQG�WKH�UHODWLRQVKLSV�EHWZHHQ�WKHP�

+HUH�DUH�GHILQLWLRQV�IRU�WKH�PDLQ�WHUPV�WKDW�ZH�XVH�LQ�WKH�ERRN�

FODVV WKH�WHPSODWH�RU�PRGHO�IRU�D�VWDWLVWLFDO�REMHFW��ZKLFK�LQFOXGHV�GDWD

GHVFULELQJ�WKH�REMHFW©V�FKDUDFWHULVWLFV��DWWULEXWHV��DQG�DFWLRQV

WKDW�LW�FDQ�SHUIRUP�

DWWULEXWH D�FKDUDFWHULVWLF�DVVRFLDWHG�ZLWK�D�VWDWLVWLFDO�REMHFW��$OO�REMHFWV�RI

WKH�VDPH�FODVV�KDYH�WKH�VDPH�VHW�RI�DWWULEXWHV��7KHVH�DWWULEXWHV

DUH�VSHFLILHG�E\�QDPH��W\SH��DQG�LQLWLDO�YDOXH��DQG�WKH\�DUH

DXWRPDWLFDOO\�LQLWLDOL]HG�ZKHQ�DQ�REMHFW�LV�FUHDWHG�

DFWLRQ DQ�RSHUDWLRQ�WKDW�LV�GHILQHG�IRU�D�FODVV�DQG�FDQ�EH�H[HFXWHG�E\

DQ\�REMHFW�FUHDWHG�IURP�WKDW�FODVV�

$�VSHFLILF�UHSUHVHQWDWLRQ�RI�D�FODVV�LV�FDOOHG�DQ�REMHFW��DQG�D�VSHFLILF�LPSOHPHQWDWLRQ�RI�DQ�DFWLRQ�IRU�D

VSHFLILF�FODVV�LV�FDOOHG�D�PHWKRG��$Q�REMHFW�LQKHULWV�DOO�WKH�DWWULEXWHV�RI�LWV�FODVV�DV�ZHOO�DV�WKH�DFWLRQV�WKDW

WKH�FODVV�FDQ�H[HFXWH�

,Q�WKLV�ERRN�ZH�FRQVLGHU�RQO\�WKUHH�NLQGV�RI�UHODWLRQVKLSV�EHWZHHQ�FODVVHV��LQKHULWDQFH��VXSHUFODVV�VXEFODVV�

DQG�DEVWUDFW�VXSHUFODVV��,QKHULWDQFH�LV�WKH�PHFKDQLVP�WKDW�DOORZV�FODVV�2QH�WR�LQKHULW�WKH�DWWULEXWHV�DQG

DFWLRQV�RI�FODVV�7ZR�ZLWKRXW�WKH�QHHG�WR�UHFUHDWH�UHGHILQH�WKHP��7KH�FODVV�2QH�VKRXOG�VXSSO\�RQO\�DWWULEXWHV

DQG�DFWLRQV�WKDW�QHHG�WR�EH�GLIIHUHQW�IURP�WKRVH�LQKHULWHG��,I�FODVV�2QH�LQKHULWV�IURP�FODVV�7ZR��WKHQ�7ZR�LV

FDOOHG�VXSHUFODVV�RI�2QH��DQG�2QH�LV�FDOOHG�VXEFODVV�RI�7ZR��:LWK�LQKHULWDQFH��ZH�HQDEOH�D�VXEFODVV�WR�RIIHU

WKH�VDPH�SURSHUWLHV�DV�WKHLU�VXSHUFODVVHV��&ODVV�7ZR�FDQ�EH�DQ�DEVWUDFW�VXSHUFODVV�LI�LW�LV�RQO\�XVHG�DV�D

VXSHUFODVV�IRU�RWKHU�FODVVHV��,Q�WKLV�FDVH��FODVV�7ZR�RQO\�VSHFLILHV�DWWULEXWHV��DQG�LWV�VXEFODVVHV�PXVW�GHILQH

WKH�DWWULEXWHV�RI�7ZR�



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH�

7R�KLJKOLJKW�WKH�GLIIHUHQFHV�EHWZHHQ�D�FODVV�DQG�DQ�REMHFW��DQG�EHWZHHQ�DQ�DFWLRQ�DQG�D�PHWKRG��ZH�XVH

VSHFLDO�VW\OH�FRQYHQWLRQV��VHH�¦&RQYHQWLRQV§�LQ�WKH�3UHIDFH���)RU�H[DPSOH��¦7KH�YHFWRU�REMHFW�RI�WKH�9HFWRU

'LVFUHWH�FODVV�XVHV�WKH�BGFUHDWH���PHWKRG�WKDW�LPSOHPHQWV�WKH�&UHDWH�DFWLRQ�

:H�KDYH�LPSOHPHQWHG�WKH�REMHFW�RULHQWHG�DSSURDFK�WR�VWDWLVWLFDO�SURJUDPPLQJ�DQG�DQDO\VLV�XVLQJ�WKH

SUHYLRXVO\�GHYHORSHG�WDEOH�GULYHQ�HQYLURQPHQW�GHVFULEHG�LQ�RXU�HDUOLHU�ERRN���7KH�WDEOH�GULYHQ

HQYLURQPHQW�SURYLGHV�\RX�ZLWK�D�FRQYHQLHQW�DQG�UHOLDEOH�HQYLURQPHQW�IRU�VWDWLVWLFDO�REMHFW�RULHQWHG

SURJUDPPLQJ�DQG�DQDO\VLV��7KH�WDEOH�GULYHQ�HQYLURQPHQW�FRQWDLQV�WKH�GDWD�GLFWLRQDU\�DQG�LWV�VXSSRUWLQJ

SURJUDPV��$W�WKH�KHDUW�RI�WKLV�HQYLURQPHQW�LV�WKH�VHW�RI�VSHFLDOO\�VWUXFWXUHG�WDEOHV�WKDW�IRUP�WKH�GDWD

GLFWLRQDU\��7KH�GDWD�GLFWLRQDU\�FRQWDLQV�LQIRUPDWLRQ�FRQFHUQLQJ�FODVVHV��WKHLU�DWWULEXWHV��DQG�DFWLRQV

�&KDSWHU���GHVFULEHV�WKH�GDWD�GLFWLRQDU\�LQ�GHWDLO���7KH�6$6�6\VWHP�ZLWK�RXU�WDEOH�GULYHQ�HQYLURQPHQW

DOORZV�\RX�WR�GHILQH�FODVVHV�RI�REMHFWV��8VLQJ�WKLV�HQYLURQPHQW��\RX�FDQ�HDVLO\�DQG�TXLFNO\�H[WHQG�WKH�VHW

RI�DOUHDG\�FUHDWHG�FODVVHV�

,Q�WKLV�FKDSWHU��ZH�JXLGH�\RX�WKURXJK�VHYHUDO�VLPSOH�H[DPSOHV�WKDW�VKRZ�KRZ�WR�LPSOHPHQW�D�PHFKDQLVP

RI�REMHFW�RULHQWHG�VWDWLVWLFDO�SURJUDPPLQJ�DQG�DQDO\VLV�ZLWK�WKH�6$6�6\VWHP��7KH�XVH�RI�WKH�DFWLRQV�DOORZV

SURJUDPPLQJ�LQ�6$6�WR�KDYH�PXFK�PRUH�RI�WKH�VW\OH�RI�REMHFW�RULHQWHG�SURJUDPPLQJ�V\VWHPV��+RZHYHU�

EHFDXVH�ZH�XVH�WKH�WDEOH�GULYHQ�HQYLURQPHQW��PHWKRGV�WKDW�LPSOHPHQW�DFWLRQV�DUH�QRW�UHVWULFWHG�WR

DXWRPDWLF�LQYRFDWLRQ��DQG�WKH\�FDQ�EH�XVHG�OLNH�DQ\�RWKHU�6$6�PDFUR�IXQFWLRQ�

)XQGDPHQWDOV�RI�2EMHFW�2ULHQWHG�3URJUDPPLQJ

,Q�REMHFW�RULHQWHG��SURJUDPPLQJ��\RX�FRQVLGHU�D�FODVV�RI�REMHFWV�DQG�WU\�WR�LPDJLQH�DOO�WKH�DFWLRQV�\RX

PD\�ZDQW�WR�SHUIRUP�RQ�VXFK�REMHFWV��<RX�WKHQ�GHILQH�GDWD�DWWULEXWHV�DQG�DFWLRQV�VSHFLILFDOO\�IRU�WKDW�FODVV

RI�REMHFWV�

,Q�WKLV�ERRN��WKH�W\SH�RI�REMHFW�ZLOO�EH�VSHFLILHG�RQO\�ZKHQ�LW�LV�QHFHVVDU\�WR�GLVWLQJXLVK�EHWZHHQ�WKHP��RU

ZKHQ�WKH�W\SH�RI�REMHFW�LV�QRW�FOHDU�IURP�WKH�FRQWH[W��2WKHUZLVH��¨REMHFW©�UHIHUV�WR�ERWK�GDWD�DQG�VWDWLVWLFDO

REMHFWV�

)RU�H[DPSOH��VXSSRVH�\RX�ZDQW�WR�FUHDWH�DQ�DUUD\�RI�QXPEHUV�DV�D�VWDWLVWLFDO�REMHFW��DQG�\RX�ZDQW�WR�SULQW

WKH�GDWD�FRQWDLQHG�LQ�WKDW�REMHFW��8VLQJ�WKH�REMHFW�RULHQWHG�DSSURDFK�WR�VWDWLVWLFDO�DQDO\VLV��\RX�FDQ�GHILQH�D

FODVV�RI�REMHFWV�FDOOHG�9HFWRU��DQG�WKHQ�GHILQH�DFWLRQV�IRU�JHQHUDWLQJ�DQ�REMHFW�RI�WKLV�FODVV�DQG�SULQWLQJ�GDWD

WKDW�LV�FRQWDLQHG�E\�WKLV�REMHFW��7KHVH�WZR�DFWLRQV��MXVW�DV�DQ�H[DPSOH��FDQ�EH�GHILQHG�IRU�D�ZLGH�YDULHW\�RI

FODVVHV��EXW�PLJKW�QHHG�WR�EH�LPSOHPHQWHG�GLIIHUHQWO\�IRU�HDFK�RI�WKHP�

$Q�DFWLRQ�WKDW�LV�FRPPRQ�WR�D�ZLGH�YDULHW\�RI�FODVVHV�LV�FDOOHG�D�JHQHULF�DFWLRQ��7KH�DFWXDO�LPSOHPHQWDWLRQ

RI�DQ�DFWLRQ�IRU�D�VSHFLILF�FODVV�LV�FDOOHG�D�PHWKRG��$FWLRQV�DUH�FDUULHG�RXW�E\�PHDQV�RI�D�PHFKDQLVP�WKDW

LGHQWLILHV�WKH�FODVV�RI�DUJXPHQWV�DQG�FDOOV�WKH�DSSURSULDWH�PHWKRGV�

7KH�GHILQLWLRQ�RI�D�QHZ�FODVV�LV�SHUIRUPHG�LQ�WKH�WDEOHV�RI�WKH�GDWD�GLFWLRQDU\��7KH�GDWD�GLFWLRQDU\�LV�D�VHW�RI

WDEOHV�ZLWK�VWULFWO\�GHILQHG�UHODWLRQV�WKDW�VWRUHV�GHILQLWLRQV�RI�FODVVHV��PHWKRGV��REMHFWV��DQG�VR�RQ���&KDSWHU

��GHVFULEHV�WKH�GDWD�GLFWLRQDU\�LQ�GHWDLO���(DFK�FODVV��LWV�DWWULEXWHV��DQG�LWV�PHWKRGV�VKRXOG�EH�GHILQHG�LQ

WKUHH�WDEOHV��&ODVV��&ODVV$WU��DQG�&ODVV0HW��,Q�&KDSWHU���ZH�ZLOO�GLVFXVV�LQ�GHWDLO�KRZ�WR�GHILQH�D�QHZ�FODVV

����������������������������������������������������������
��.RORVDYD��7DQ\D�DQG�%HUHVWL]KHYVN\��6DPXHO��7DEOH�'ULYHQ�6WUDWHJLHV�IRU�5DSLG�6$6�$SSOLFDWLRQV�'HYHORSPHQW�

&DU\��1&��6$6�,QVWLWXWH��,QF�������



&KDSWHU����,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�3URJUDPPLQJ �

LQ�WKH�GDWD�GLFWLRQDU\��EXW�KHUH�LV�D�YHU\�VLPSOH�H[DPSOH�RI�D�GHILQLWLRQ�RI�WKH�9HFWRU�DQG�9HFWRU�'LVFUHWH

FODVVHV��7KH�&ODVV�WDEOH�GHILQHV�DQG�GHVFULEHV�WKH�FODVVHV�

&ODVV�7DEOH

&/$66 635&/$66 'HVFULSWLRQ

9HFWRU 0DLQ $UUD\�RI�FRQWLQXRXV�QXPEHUV
9HFWRU�'LVFUHWH 9HFWRU $UUD\�RI�GLVFUHWH�QXPEHUV

7KHVH�WZR�URZV�LQ�WKH�&ODVV�WDEOH�GHILQH�WKH�IROORZLQJ�

x 7KHUH�LV�D�9HFWRU�FODVV�WKDW�VSHFLILHV�DWWULEXWHV�DQG�DFWLRQV�RQ�DQ�DUUD\�RI�FRQWLQXRXV�QXPEHUV��7KLV

FODVV�LV�D�VXEFODVV�RI�WKH�0DLQ�FODVV��DQ�DEVWUDFW�VXSHUFODVV�WKDW�ZLOO�EH�GHILQHG�LQ�&KDSWHU����

x 7KHUH�LV�D�9HFWRU�'LVFUHWH�FODVV�WKDW�VSHFLILHV�DWWULEXWHV�DQG�DFWLRQV�RQ�DQ�DUUD\�RI�GLVFUHWH�QXPEHUV�

DQG�LW�LV�GHULYHG�IURP�WKH�9HFWRU�FODVV�

7KH�&ODVV$WU�WDEOH�FRQWDLQV�D�GHILQLWLRQ�RI�FODVV�DWWULEXWHV�IRU�HDFK�FODVV�

&ODVV$WU�WDEOH

&/$66 $775B12 $7751$0( $775'(6&

9HFWRU � 2%-(&7 1DPH�RI�WKH�GDWD�REMHFW�SURGXFLQJ�DQ�REMHFW�RI�WKH
9HFWRU�FODVV�

9HFWRU � &2/801 1DPH�RI�WKH�FROXPQ�RI�WKH�GDWD�REMHFW�

1RWH�WKDW�ZH�KDYH�WR�GHILQH�DWWULEXWHV�RQO\�IRU�WKH�9HFWRU�FODVV���WKH�9HFWRU�'LVFUHWH�FODVV�LQKHULWV�WKHVH

DWWULEXWHV�

)LQDOO\��WKH�&ODVV0HW�WDEOH�VWRUHV�WKH�GHILQLWLRQV�RI�FODVVHV��WKHLU�DFWLRQV��DQG�WKH�PHWKRGV�IRU�LPSOHPHQWLQJ

DFWLRQV�

&ODVV0HW�WDEOH

&/$66 $&7,21 0(7+2' $&7'(6&

9HFWRU &5($7( BYFUHDWH�� &UHDWHV�DQ�REMHFW�RI�WKH�9HFWRU�FODVV
9HFWRU 35,17 BYSULQW�� 3ULQWV�GDWD�RI�DQ�REMHFW�RI�WKH�9HFWRU�FODVV
9HFWRU�'LVFUHWH &5($7( BGFUHDWH�� &UHDWHV�DQ�REMHFW�RI�WKH�9HFWRU�'LVFUHWH�FODVV
9HFWRU�'LVFUHWH 35,17 BGSULQW�� 3ULQWV�GDWD�RI�DQ�REMHFW�RI�WKH�9HFWRU�'LVFUHWH�FODVV

,Q�WKLV�VLPSOH�H[DPSOH�ZH�GHILQH�RQO\�WZR�DFWLRQV�IRU�WKH�9HFWRU�DQG�9HFWRU�'LVFUHWH�FODVVHV��&UHDWH�DQG

3ULQW�DFWLRQV��,PSOHPHQWDWLRQ�RI�WKH�DFWLRQV�LV�GLIIHUHQW�IRU�WKHVH�FODVVHV�GHVSLWH�WKH�VXEFODVV�VXSHUFODVV

UHODWLRQVKLS�EHWZHHQ�WKH�YHFWRU�DQG�YHFWRU�GLVFUHWH�FODVVHV�

%HFDXVH�WKH�REMHFW�RULHQWHG�SURJUDPPLQJ�LV�LPSOHPHQWHG�ZLWK�WKH�6$6�6\VWHP��ZH�VWRUH�WKH�WDEOHV�WKDW

IRUP�WKH�GDWD�GLFWLRQDU\��IRU�H[DPSOH��WKH�&ODVV��&ODVV0HW��DQG�&ODVV$WU�WDEOHV��DV�6$6�GDWD�VHWV��DQG�ZH

LPSOHPHQW�PHWKRGV�DV�6$6�PDFUR�SURJUDPV�



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH�

/HW©V�FUHDWH�D�QHZ�P\YHFWRU�REMHFW�RI�WKH�9HFWRU�FODVV��7R�GR�WKLV��WKH�P\YHFWRU�REMHFW�VKRXOG�EH

DVVRFLDWHG�ZLWK�WKH�9HFWRU�FODVV�LQ�WKH�WDEOHV�RI�WKH�GDWD�GLFWLRQDU\��7KLV�GDWD�GLFWLRQDU\�KDV�WZR�WDEOHV

WKDW�GHILQH�VWDWLVWLFDO�REMHFWV�DQG�DOO�DFWLRQV�WKDW�FDQ�EH�SHUIRUPHG�RQ�WKHVH�REMHFWV�

7KH�6WDW2EM�WDEOH�VWRUHV�DOO�WKH�LQIRUPDWLRQ�WKDW�LV�QHFHVVDU\�IRU�WKH�GHILQLWLRQ�RI�D�QHZ�REMHFW��7KH�FROXPQV

RI�WKH�6WDW2EM�WDEOH�DUH�GHILQHG�DV�IROORZV�

&ROXPQV�RI�WKH�6WDW2EM�WDEOH

&ROXPQ�QDPH 7\SH /HQJWK 'HVFULSWLRQ

67$72%- &KDUDFWHU � 1DPH�RI�WKH�VWDWLVWLFDO�REMHFW

&/$66 &KDUDFWHU � 1DPH�RI�WKH�FODVV

$775B12 1XPHULF � 2UGHU�QXPEHU�RI�WKH�FODVV�DWWULEXWH

$775B9$/ &KDUDFWHU �� 9DOXH�RI�WKH�FODVV�DWWULEXWH

7KH�67$72%-��&/$66�DQG�$775B12�FROXPQV�IRUP�WKH�SULPDU\�NH\�RI�WKH�6WDW2EM�WDEOH�

(DFK�QHZ�REMHFW�VKRXOG�EH�GHILQHG�LQ�WKH�6WDW2EM�WDEOH��7KH�GHILQLWLRQ�RI�WKH�P\YHFWRU�REMHFW�RI�WKH�9HFWRU

FODVV�LQ�WKH�6WDW2EM�WDEOH�ORRNV�OLNH�WKLV�

6WDW2EM�WDEOH

67$72%- &/$66 $775B12 $775B9$/

P\YHFWRU YHFWRU � FDUV
P\YHFWRU YHFWRU � PLOHDJH

7KLV�WDEOH�GHILQHV�D�QHZ�REMHFW�RI�9HFWRU�FODVV��7KH�QDPH�RI�WKH�REMHFW�LV�P\YHFWRU��5HFDOO�WKDW��IRU�WKH

SXUSRVHV�RI�WKLV�H[DPSOH��ZH�KDYH�PHQWLRQHG�RQO\�WZR�SDUDPHWHUV��WKH�QDPH�RI�WKH�GDWD�REMHFW��WKH�ILUVW

YDOXH�RI�WKH�$775B9$/�FROXPQ��DQG�WKH�QDPH�RI�WKH�FROXPQ��WKH�VHFRQG�YDOXH�RI�WKH�$775B9$/

FROXPQ��WKDW�SURGXFH�WKH�P\YHFWRU�REMHFW��$V�\RX�FDQ�VHH�IRU�WKLV�GHILQLWLRQ��WKH�QHZ�VWDWLVWLFDO�REMHFW

VKRXOG�EH�SURGXFHG�IURP�WKH�0,/($*(�FROXPQ�RI�WKH�&DUV�WDEOH��7KH�&DUV�WDEOH�FDQ�EH�D�6$6�GDWD�VHW��RU

LW�FDQ�EH�DQ\�W\SH�RI�GDWD�VHW�WKDW�WKH�6$6�6\VWHP�FDQ�DFFHVV��IRU�H[DPSOH��D�WDEOH�FUHDWHG�E\�D�UHODWLRQDO

GDWDEDVH�VXFK�DV�5GE��6<%$6(��25$&/(��D�VSUHDGVKHHW�WDEOH��RU�DQ�H[WHUQDO�ILOH��



&KDSWHU����,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�3URJUDPPLQJ �

7KH�6WDW$FW�WDEOH�FRQWDLQV�WKH�GHILQLWLRQ�RI�DFWLRQV�WKDW�VKRXOG�EH�SHUIRUPHG�RQ�D�VWDWLVWLFDO�REMHFW��7KH

FROXPQV�RI�WKH�6WDW$FW�WDEOH�DUH�GHILQHG�DV�IROORZV�

&ROXPQV�RI�WKH�6WDW$FW�WDEOH

&ROXPQ�QDPH 7\SH /HQJWK 'HVFULSWLRQ

$1$/<6,' &KDUDFWHU � ,GHQWLILFDWLRQ�QDPH�RI�GHVLJQHG�VWDWLVWLFDO�DQDO\VLV

25'(5 1XPHULF � 2UGHU�QXPEHU

67$72%- &KDUDFWHU � 1DPH�RI�WKH�VWDWLVWLFDO�REMHFW�

$&7,21 &KDUDFWHU �� 1DPH�RI�WKH�DFWLRQ�WR�EH�SHUIRUPHG

3$5$06 &KDUDFWHU �� &RPPD�GHOLPLWHG�OLVW�RI�SDUDPHWHUV

7KH�$1$/<6,'�DQG�25'(5�FROXPQV�IRUP�WKH�SULPDU\�NH\�RI�WKH�6WDW$FW�WDEOH�

,Q�RUGHU�WR�GHILQH�DFWLRQV�IRU�WKH�QHZ�P\YHFWRU�REMHFW��\RX�VKRXOG�ILOO�LQ�WKH�6WDW$FW�WDEOH�DV�IROORZV�

6WDW$FW�WDEOH

$1$/<6,' 25'(5 67$72%- $&7,21 3$5$06

H[DPSOH� � P\YHFWRU &5($7( P\YHFWRU
H[DPSOH� � P\YHFWRU 35,17

7KH�GHILQLWLRQV�VWRUHG�LQ�WKH�6WDW$FW�WDEOH�PHDQ�WKDW�&UHDWH�DQG�3ULQW�DUH�WKH�DFWLRQV�WKDW�\RX�FDQ�SHUIRUP

RQ�WKH�P\YHFWRU�REMHFW�

$FWXDOO\��HDFK�DFWLRQ�LV�SHUIRUPHG�E\�D�VLQJOH�PDFUR�SURJUDP��$&7,21��<RX�ZLOO�ILQG�D�GHWDLOHG

GHVFULSWLRQ�DQG�WKH�FRGH�IRU�WKLV�SURJUDP�LQ�&KDSWHU����+HUH�ZH�MXVW�PHQWLRQ�WKDW�WKH�IXQFWLRQ�RI�WKH

�$&7,21�PDFUR�SURJUDP�LV�WR�ILQG�DQ�DSSURSULDWH�PHWKRG�DQG�WR�DSSO\�LW�WR�WKH�REMHFW�

7KH��$&7,21�PDFUR�UHFHLYHV�WKUHH�QDPHG�SDUDPHWHUV��object ��action ��DQG�params ��7KH�object
SDUDPHWHU�JHWV�WKH�QDPH�RI�WKH�VWDWLVWLFDO�REMHFW�WR�EH�SURFHVVHG��7KH�action �SDUDPHWHU�JHWV�WKH�QDPH�RI

WKH�DFWLRQ�WR�EH�DSSOLHG�WR�WKH�REMHFW��7KH�params �SDUDPHWHU�JHWV�D�TXRWHG�VWULQJ�FRQWDLQLQJ�SDUDPHWHUV�RI

WKH�DFWLRQ��LI�DQ\��)RU�H[DPSOH��WKH�FUHDWLRQ�RI�WKH�P\YHFWRU�REMHFW�LV�SHUIRUPHG�E\�VXEPLWWLQJ�WKH

IROORZLQJ�PDFUR�

%action(object=myvector, action=“Create”,
params=“myvector”);

7KLV�PDFUR�ZRXOG�DXWRPDWLFDOO\�VXEPLW�WKH�BYFUHDWH���PHWKRG��VHH�WKH�&ODVV0HW�WDEOH��LPSOHPHQWLQJ�WKH

&UHDWH�DFWLRQ�VSHFLILFDOO\�IRU�WKH�9HFWRU�FODVV�



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH�

1RZ�ZH�ZLOO�ORRN�LQ�JUHDWHU�GHWDLO�DW�WZR�DVSHFWV�RI�WKH�&UHDWH�DFWLRQ�

�� &UHDWLRQ�RI�WKH�REMHFW�LV�D�JHQHULF�DFWLRQ�WKDW�H[LVWV�IRU�HDFK�FODVV�

�� &UHDWLRQ�RI�DQ�REMHFW�UHTXLUHV�DGGLWLRQDO�GHILQLWLRQV�LQ�WKH�2EMHFW�DQG�3URSHUW\�WDEOHV�RI�WKH�GDWD

GLFWLRQDU\�

(DFK�WLPH�WKDW�\RX�ZDQW�WR�FUHDWH�D�QHZ�REMHFW��\RX�KDYH�WR�GHILQH��LQ�WHUPV�RI�GDWD�REMHFWV��ZKHUH�DQG�KRZ

WKH�GDWD�RI�WKLV�REMHFW�LV�WR�EH�VWRUHG��<RX�PDNH�WKLV�GHILQLWLRQ�LQ�WKH�2EMHFW�DQG�3URSHUW\�WDEOHV�

7KH�2EMHFW�WDEOH�OLVWV�GDWD�REMHFWV�DQG�WKH�QDPHV�RI�FRUUHVSRQGLQJ�6$6�GDWD�VHWV�ZKHUH�WKHLU�GDWD�LV�VWRUHG�

7KH�3URSHUW\�WDEOH�VSHFLILHV�WKH�SURSHUWLHV�RI�GDWD�REMHFWV��OLVWLQJ�WKH�FROXPQV�DQG�FKDUDFWHULVWLFV��QDPH�

W\SH��OHQJWK��DQG�VR�RQ��RI�HDFK�GDWD�REMHFW�

,Q�RXU�H[DPSOH��ZH�VSHFLILHG�WKDW�WKH�P\YHFWRU�REMHFW�RI�WKH�9HFWRU�FODVV�VKRXOG�EH�SURGXFHG�IURP�WKH

0,/($*(�FROXPQ�RI�WKH�&DUV�WDEOH��VHH�WKH�6WDW2EM�WDEOH�HDUOLHU�LQ�WKLV�FKDSWHU���7KXV��WKH�&DUV�WDEOH�DQG

DW�OHDVW�RQH�RI�LWV�FROXPQV��0,/($*(��VKRXOG�EH�GHILQHG�LQ�WKH�2EMHFW�DQG�3URSHUW\�WDEOHV��OLNH�WKLV�

2EMHFW�WDEOH

2%-(&7 '$7$6(7 7,7/( /,%5$5<

FDUV FDUV $XWRPRELOH�'DWD�7DEOH DXWRPRE

3URSHUW\�WDEOH��VHOHFWHG�FROXPQV�

2%-(&7 &2/801 7,7/( 7<3( /(1*7+ $775,%87

� � � � � �
FDUV 0,/($*( 0LOHDJH�GDWD 1 �

7KLV�GHILQLWLRQ�GHVFULEHV�WKH�SK\VLFDO�ORFDWLRQ�RI�WKH�&DUV�WDEOH��DQG�VSHFLILHV�LWV�FROXPQ��RQO\�RQH�LQ�WKLV

H[DPSOH���7KH�BYFUHDWH���PHWKRG�RI�WKH�9HFWRU�FODVV�ZLOO�WDNH�WKLV�LQIRUPDWLRQ�DQG�FKHFN�ZKHWKHU�WKH

&$56�6$6�GDWD�VHW�WKDW�FRUUHVSRQGV�WR�WKH�&DUV�WDEOH�H[LVWV��,I�QRW��DQ�HPSW\�GDWD�VHW�WKDW�FRUUHVSRQGV�WR

WKH�GHILQLWLRQV�LQ�WKH�2EMHFW�DQG�3URSHUW\�WDEOHV�ZLOO�EH�FUHDWHG��7KH��B9&5($7(�PDFUR�LV�DYDLODEOH�IURP

6$6�,QVWLWXWH��WKURXJK�WKH�6$6�2QOLQH�6DPSOHV�IDFLOLW\��IRU�GHWDLOHG�LQIRUPDWLRQ��UHIHU�WR�WKH�LQVLGH�EDFN

FRYHU�RI�WKH�ERRN��

6XSSRVH�WKDW�\RX�QHHG�WR�FUHDWH�D�QHZ�REMHFW�RI�WKH�9HFWRU�'LVFUHWH�FODVV��VD\�QHZYHFWRU��$JDLQ��DVVXPH

WKDW�WKH�9HFWRU�'LVFUHWH�FODVV�LV�DOUHDG\�GHILQHG�



&KDSWHU����,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�3URJUDPPLQJ �

)LUVW��ZH©OO�GHILQH�WKLV�QHZ�REMHFW�LQ�WKH�6WDW2EM�WDEOH��VHH�WKH�KLJKOLJKWHG�URZV��

6WDW2EM�WDEOH

67$72%- &/$66 $775B12 $775B9$/

P\YHFWRU YHFWRU � FDUV
P\YHFWRU YHFWRU � PLOHDJH
QHZYHFWRU YHFWRU�GLVFUHWH � FDUV
QHZYHFWRU YHFWRU�GLVFUHWH � ZHLJKW

7KH�KLJKOLJKWHG�URZV�GHILQH�D�QHZ�REMHFW�RI�WKH�9HFWRU�'LVFUHWH�FODVV��7KH�QDPH�RI�WKH�REMHFW�LV

QHZYHFWRU��)RU�VLPSOLFLW\��OHW©V�FRQVLGHU�RQO\�WZR�SDUDPHWHUV�RI�WKH�9HFWRU�'LVFUHWH�FODVV��WKH�QDPH

RI�WKH�WDEOH�DQG�WKH�QDPH�RI�WKH�FROXPQ�WKDW�SURGXFHV�WKH�QHZYHFWRU�REMHFW��$FFRUGLQJ�WR�WKLV�GHILQLWLRQ�

WKH�QHZ�VWDWLVWLFDO�REMHFW�VKRXOG�EH�SURGXFHG�IURP�WKH�:(,*+7�FROXPQ�RI�WKH�&DUV�WDEOH�

,Q�RUGHU�WR�GHILQH�DFWLRQV�IRU�WKH�QHZYHFWRU�REMHFW��\RX�VKRXOG�DGG�WR�WKH�6WDW$FW�WDEOH�WKH�IROORZLQJ

GHILQLWLRQ��KLJKOLJKWHG�URZV��

6WDW$FW�WDEOH

$1$/<6,' 25'(5 67$72%- $&7,21 3$5$06

H[DPSOH � P\YHFWRU &UHDWH P\YHFWRU
H[DPSOH � P\YHFWRU 3ULQW
H[DPSOH � QHZYHFWRU &UHDWH QHZYHFWRU

7KH�GHILQLWLRQ�WKDW�LV�VWRUHG�LQ�WKH�WKLUG�URZ�RI�WKH�6WDW$FW�WDEOH�PHDQV�WKDW�WKH�QHZ�REMHFW�QHZYHFWRU

VKRXOG�EH�FUHDWHG�E\�WKH�&UHDWH�DFWLRQ�

$V�LW�LV�GHILQHG�LQ�WKH�6WDW2EM�WDEOH��WKH�QHZYHFWRU�VWDWLVWLFDO�REMHFW�VKRXOG�EH�SURGXFHG�IURP�WKH�:(,*+7

FROXPQ�RI�WKH�&DUV�WDEOH��7KXV��\RX�VKRXOG�XSGDWH�WKH�3URSHUW\�WDEOH�OLNH�WKLV��KLJKOLJKWHG�URZ��

3URSHUW\�WDEOH��VHOHFWHG�FROXPQV�

2%-(&7 &2/801 7,7/( 7<3( /(1*7+ $775,%87

� � � � � ���
FDUV 0,/($*( 0LOHDJH�GDWD 1 �
FDUV :(,*+7 :HLJKW�RI�D�FDU 1 �

$IWHU�\RX�KDYH�ILQLVKHG�DOO�WKH�GHILQLWLRQV��\RX�VKRXOG�VXEPLW�WKH�IROORZLQJ�PDFUR�

%action(object=newvector, action = “Create”,
params=“newvector”);

WR�FUHDWH�WKH�QHZYHFWRU�REMHFW�RI�WKH�9HFWRU�'LVFUHWH�FODVV�



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH�

$V�\RX�FDQ�VHH��DQ�REMHFW�RULHQWHG�DSSURDFK�WKDW�LV�LPSOHPHQWHG�WKURXJK�D�WDEOH�GULYHQ�HQYLURQPHQW

SURYLGHV�D�PHFKDQLVP�WKDW�DOORZV�RQH�PDFUR�SURJUDP��IRU�H[DPSOH��$&7,21��WR�EH�UH�XVHG�WR�SURFHVV

PDQ\�GLIIHUHQW�FODVVHV�RI�REMHFWV��6XFK�D�PDFUR�LV�FDOOHG�D�JHQHULF�PDFUR��DQG�LW�FDOOV�DSSURSULDWH�PHWKRGV�

LQ�WXUQ��IRU�HDFK�REMHFW�WKDW�LW�SURFHVVHV��)RU�H[DPSOH�

%action(object=newvector, action=“Create”,
params=“newvector”) ;

LV�D�PDWFKLQJ�PHWKRG�IRU�REMHFW�QHZYHFWRU��FODVV�9HFWRU�'LVFUHWH��DQG�PDFUR�BGFUHDWH����7KH�REMHFW�LWVHOI

FRQWDLQV�LQIRUPDWLRQ�DERXW�ZKLFK�FODVV�LW�FRUUHVSRQGV�WR�

&RQVLGHU�DQRWKHU�H[DPSOH��D�VWDWLVWLFDO�FODVV��+\SRWKHVLV�7HVWLQJ��7KLV�LV�D�FODVV�RI�REMHFWV�WKDW�UHVXOWV�IURP

SHUIRUPLQJ�D�WHVW�WKDW�UHODWHV�WR�VWDWLVWLFDO�LQIHUHQFH��$Q�REMHFW�RI�WKH�+\SRWKHVLV�7HVWLQJ�FODVV�UHSUHVHQWV�D

WHVW�WKURXJK�WKH�HVWLPDWLRQ�RI�D�WHVW�VWDWLVWLF�JLYHQ�QXOO�DQG�DOWHUQDWLYH�K\SRWKHVHV�DQG�D�FRQILGHQFH�OHYHO�

7KH�PHWKRGV�WKDW�DUH�XVHG�LQ�HVWLPDWLQJ�WKHVH�WHVW�VWDWLVWLFV�YDU\�IURP�FODVVLFDO�WR�UREXVW�DQG�QRQSDUDPHWULF

DSSURDFKHV��<RX�ZDQW�WR�EH�DEOH�WR�FUHDWH�REMHFWV�RI�WKH�+\SRWKHVLV�7HVWLQJ�FODVV��6XFK�DQ�REMHFW�PD\�EH

LPSOHPHQWHG�DV�D�OLVW��VHH�&KDSWHU����ZLWK�WKH�IROORZLQJ�DWWULEXWHV�

$WWULEXWH 'HVFULSWLRQ

VWDWLVWLF WKH�YDOXH�RI�WKH�WHVW�VWDWLVWLF��ZLWK�D�1$0(6�DWWULEXWH

LQGLFDWLQJ�LWV�QXOO�GLVWULEXWLRQ�

SDUDPHWHUV WKH�SDUDPHWHUV�RI�WKH�QXOO�GLVWULEXWLRQ�RI�WKH�VWDWLVWLF�

S�YDOXH WKH�S�YDOXH�IRU�WKH�WHVW�XQGHU�WKH�QXOO�K\SRWKHVLV�

HVWLPDWH DQ�HVWLPDWH�RI�WKH�FRUUHVSRQGLQJ�SRSXODWLRQ�SDUDPHWHUV

DERXW�ZKLFK�\RX�IRUPXODWHG�D�QXOO�K\SRWKHVLV��7KH�DWWULEXWHV

HVWLPDWH�KDV�D�QDPHV�DWWULEXWH�GHVFULELQJ�LWV�HOHPHQWV�

QXOO�YDOXH WKH�YDOXH�RI�WKH�SRSXODWLRQ�SDUDPHWHU�WKDW�LV�VSHFLILHG�E\�WKH

QXOO�K\SRWKHVLV���7KH�DWWULEXWH�FRPSRQHQW�QXOO�YDOXH�KDV�D

QDPHV�DWWULEXWH�GHVFULELQJ�LWV�HOHPHQWV�

DOWHUQDWLYH WKH�YDOXH�RI�WKH�LQSXW�DUJXPHQW�DOWHUQDWLYH��¦JUHDWHU§��¦OHVV§�

RU�¦WZR�VLGHG§�

PHWKRG WKH�QDPH�RI�WKH�WHVW�XVHG�

GDWD�QDPH WKH�QDPH�RI�WKH�LQSXW�GDWD�REMHFW�

,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�$QDO\VLV

,Q�VWDWLVWLFDO�DQDO\VLV�LW©V�TXLWH�QDWXUDO�WR�RSHUDWH�E\�FODVVHV��EHFDXVH�VWDWLVWLFDO�PHWKRGV�DUH�DOZD\V�OLQNHG�WR

GDWD��7KH�DGYDQWDJHV�RI�REMHFW�RULHQWHG�VWDWLVWLFDO�SURJUDPPLQJ�DQG�DQDO\VLV�DUH�QRW�HYLGHQW�ZKHQ�\RX�DUH

GRLQJ�D�YHU\�VLPSOH�VWDWLVWLFDO�DQDO\VLV��7KH�DGYDQWDJHV�DULVH�ZKHQ�\RX�DUH�GHVLJQLQJ�D�FRPSOH[�VWDWLVWLFDO

DQDO\VLV�WKDW�ZLOO�SHUIRUP�VLPLODU��EXW�QRW�LGHQWLFDO��RSHUDWLRQV�RQ�D�YDULHW\�RI�GDWD�REMHFWV��%\�VSHFLI\LQJ

FODVVHV�RI�GDWD�REMHFWV�IRU�ZKLFK�LGHQWLFDO�HIIHFWV�ZLOO�RFFXU��\RX�FDQ�GHILQH�D�VLQJOH�JHQHULF�PDFUR�IXQFWLRQ

WKDW�HPEUDFHV�WKH�VLPLODULWLHV�DFURVV�REMHFW�FODVVHV��EXW�SHUPLWV�LQGLYLGXDO�LPSOHPHQWDWLRQV��PHWKRGV��IRU

HDFK�GHILQHG�FODVV�



&KDSWHU����,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�3URJUDPPLQJ �

)RU�H[DPSOH��352&�0($16�SURGXFHV�VLPSOH�XQLYDULDWH�GHVFULSWLYH�VWDWLVWLFV�IRU�QXPHULF�YDULDEOHV��DQG�LI

\RX�W\SH�WKH�IROORZLQJ�

proc means data = v_examp mean ;
var var1 ;
run ;

\RX�H[SHFW�6$6�WR�FDOFXODWH�WKH�PHDQ�RI�WKH�YDU��YDULDEOH�DFFRUGLQJ�WR�WKH�GLVFUHWH�QXPHULF�W\SH�RI�WKLV

YDULDEOH��+RZHYHU��VXSSRVH�WKDW�\RX�DOVR�ZDQW�WR�FDOFXODWH�WKH�PHDQ�RI�WKH�YDU��YDULDEOH�DV�DQ�LQWHJHU

YDOXH��,Q�RUGHU�WR�JHW�ZKDW�\RX�ZDQW��\RX�KDYH�WR�ZULWH�D�VLPSOH�'$7$�VWHS�DV�IROORZV�

data _null_ ;
      retain mean 0 ;
      set v_examp nobs = last;
      mean = mean + var1 ;
      if _n_ = last then do ;
            mean = int(mean/last + 0.5) ;
            put “Mean of Var1 = “ mean ;
      end ;
run ;

6XFK�D�'$7$�VWHS�PXVW�EH�PRGLILHG�HYHU\�WLPH�D�QHZ�FODVV�RI�REMHFWV�LV�FUHDWHG��8VLQJ�DQ�REMHFW�RULHQWHG

DSSURDFK��\RX�FDQ�XVH�WUXO\�JHQHULF�PHWKRGV��WKH\�GR�QRW�KDYH�WR�EH�PRGLILHG�WR�DFFRPPRGDWH�QHZ�FODVVHV

RI�REMHFWV��7KH�REMHFWV�FDUU\�WKHLU�RZQ�PHWKRGV�ZLWK�WKHP��7KXV��ZKHQ�\RX�FUHDWH�D�FODVV�RI�REMHFWV��\RX

FDQ�DOVR�FUHDWH�D�VHW�RI�PHWKRGV�WR�VSHFLI\�KRZ�WKHVH�REMHFWV�ZLOO�EHKDYH�ZLWK�UHVSHFW�WR�D�FHUWDLQ�JHQHULF

VWDWLVWLFDO�RSHUDWLRQ�

$V�DQ�H[DPSOH��OHW©V�FRQVLGHU�WKH�ZD\�WKDW�6$6�ZLOO�FRPSXWH�PHDQV�IRU�FRQWLQXRXV�DQG�GLVFUHWH�QXPHULF

YDULDEOHV�XVLQJ�WKH�JHQHULF��$&7,21�PDFUR��,I�\RX�FDOO�WKH�IROORZLQJ�PDFUR�

%action(object=newvector, action=“mean”);

WKHQ�WKH��$&7,21�PDFUR�FRPSXWHV�WKH�PHDQ�RI�WKH�QHZYHFWRU�REMHFW�DV�D�GLVFUHWH�YDOXH��EHFDXVH�WKH

QHZYHFWRU�REMHFW�LV�RI�WKH�9HFWRU�'LVFUHWH�FODVV��%\�FRQWUDVW��LQ�WKLV�FDVH�

%action(object=myvector,  action=“mean”);

WKH�VDPH�PDFUR�FRPSXWHV�WKH�PHDQ�DV�D�FRQWLQXRXV�YDOXH��EHFDXVH�WKH�P\YHFWRU�REMHFW�EHORQJV�WR�WKH

9HFWRU�FODVV�

7KH��$&7,21�JHQHULF�PDFUR�SURJUDP�HYDOXDWHV�WDEOHV�RI�WKH�GDWD�GLFWLRQDU\�VXFK�DV�&ODVV0HW��&ODVV$WU�

6WDW2EM��6WDW$FW��2EMHFW��DQG�3URSHUW\��LGHQWLILHV�WKH�FODVV�RI�WKH�REMHFW�DQG�LWV�DWWULEXWHV��ILQGV�WKH

DSSURSULDWH�PHWKRG��DQG�LQYRNHV�WKH�PDFUR�SURJUDP�LPSOHPHQWLQJ�WKLV�PHWKRG�WKDW��ILQDOO\��SURFHVVHV

GDWD�VWRUHG�LQ�WKH�6$6�GDWD�VHW�

%HFDXVH�GDWD�H[LVWV�LQ�WKH�VWDWLVWLFDO�REMHFW�DV�D�UHIHUHQFH�WR�DQ�DSSOLFDWLRQ�WDEOH��LW�LV�SRVVLEOH�WR�XVH�WKH

VDPH�DSSOLFDWLRQ�WDEOH�IRU�GLIIHUHQW�REMHFWV��(YHQ�WKH�VDPH�FROXPQ�RI�DQ�DSSOLFDWLRQ�WDEOH�FDQ�EH�UHIHUUHG�WR

LQ�GLIIHUHQW�VWDWLVWLFDO�REMHFWV�



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH��

)RU�H[DPSOH��LI�\RX�ZDQW�WR�FRQVLGHU�WKH�:(,*+7�FROXPQ�RI�WKH�&DUV�WDEOH��VKRZQ�EHORZ��RQFH�DV

D�GLVFUHWH�YHFWRU�DQG�RQFH�DV�D�FRQWLQXRXV�QXPHULF�YHFWRU��\RX�VKRXOG�GHILQH�WZR�VWDWLVWLFDO�REMHFWV

UHIHUULQJ�WR�WKH�VDPH�GDWD�REMHFW��/RRN�DW�WKH�GHILQLWLRQ�RI�WKH�UBYHFWRU�REMHFW�LQ�WKH�6WDW2EM�WDEOH

�KLJKOLJKWHG�URZV��

6WDW2EM�WDEOH

67$72%- &/$66 $775B12 $775B9$/

P\YHFWRU YHFWRU � FDUV
P\YHFWRU YHFWRU � PLOHDJH
QHZYHFWRU YHFWRU�GLVFUHWH � FDUV
QHZYHFWRU YHFWRU�GLVFUHWH � ZHLJKW
UBYHFWRU YHFWRU � FDUV
UBYHFWRU YHFWRU � ZHLJKW

7KH�QHZYHFWRU�DQG�UBYHFWRU�REMHFWV�WKDW�DUH�GHILQHG�LQ�WKH�6WDW2EM�WDEOH�ZLOO�EH�SURFHVVHG�GLIIHUHQWO\�

DOWKRXJK�WKH\�UHIHU�WR�WKH�VDPH�GDWD�REMHFW��7KXV��LI�\RX�GHILQH�GHVLUHG�DFWLRQV�RQ�QHZYHFWRU�DQG�UBYHFWRU

REMHFWV�OLNH�WKLV��

6WDW$FW�WDEOH

$1$/<6,' 25'(5 67$72%- $&7,21 3$5$06

H[DPSOH� � QHZYHFWRU &UHDWH QHZYHFWRU
H[DPSOH� � QHZYHFWRU 0HDQ
H[DPSOH� � UBYHFWRU &UHDWH UBYHFWRU
H[DPSOH� � UBYHFWRU 0HDQ

WKH�UHVXOWV�RI�WKH�¦0HDQ§�DFWLRQ�PD\�EH�GLIIHUHQW�IRU�WKH�QHZYHFWRU�DQG�UBYHFWRU�REMHFWV��DOWKRXJK�WKH

DFWLRQ�ZDV�SHUIRUPHG�RQ�WKH�VDPH�FROXPQ��:(,*+7��RI�WKH�VDPH�WDEOH��&DUV��

'HYHORSLQJ�6WDWLVWLFDO�0RGHOV

$OO�VWDWLVWLFDO�DQDO\VLV�PRGHOV�DWWHPSW�WR�GHVFULEH�WKH�VWUXFWXUH�RU�UHODWLRQVKLSV�RI�VRPH�REMHFWV�IURP

ZKLFK�GDWD�LV�GHULYHG��0RGHUQ�VWDWLVWLFDO�DQDO\VLV�SURYLGHV�DQ�H[WUHPHO\�ULFK�FKRLFH�RI�PRGHOLQJ

WHFKQLTXHV��7KH�FKRLFH�RI�D�PRGHOLQJ�WHFKQLTXH�GHSHQGV�RQ�WKH�W\SH�DQG�VWUXFWXUH�RI�\RXU�GDWD�DQG

ZKDW�\RX�ZDQW�WKH�PRGHO�WR�WHVW�RU�H[SODLQ��7KH�GHYHORSPHQW�RI�VWDWLVWLFDO�PRGHOV�LV�GDWD�GHSHQGHQW��7KH

SURFHVV�RI�GHYHORSLQJ�D�VWDWLVWLFDO�PRGHO�DOVR�GHSHQGV�RQ�ZKHWKHU�\RX�IROORZ�D�K\SRWKHVLV�GULYHQ�DSSURDFK

�FRQILUPDWRU\�GDWD�DQDO\VLV��RU�GDWD�GULYHQ�DSSURDFK��H[SORUDWRU\�GDWD�DQDO\VLV���'DWD�DQDO\VWV�IUHTXHQWO\

FRPELQH�ERWK�DSSURDFKHV�



&KDSWHU����,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�3URJUDPPLQJ ��

)RU�H[DPSOH��LQ�FODVVLFDO�K\SRWKHVLV�GULYHQ�UHJUHVVLRQ�DQDO\VLV��\RX�XVXDOO\�H[DPLQH�UHVLGXDOV�XVLQJ

H[SORUDWRU\�GDWD�DQDO\VLV�PHWKRGV��7KH�JRDO�RI�HDFK�DSSURDFK�LV�D�PRGHO�WKDW�LPLWDWHV��DV�FORVHO\�DV

SRVVLEOH��WKH�SURSHUWLHV�RI�WKH�UHDO�REMHFWV�EHLQJ�PRGHOHG��7KH�GLIIHUHQFHV�EHWZHHQ�PRGHO�DQG�UHDOLW\��WKH

UHVLGXDOV��DUH�RIWHQ�WKH�NH\�WR�UHDFKLQJ�D�GHHSHU�XQGHUVWDQGLQJ�DQG�REWDLQLQJ�D�EHWWHU�PRGHO��&UHDWLQJ�D

VWDWLVWLFDO�PRGHO�XVXDOO\�LQYROYHV�WKH�VWHSV�VKRZQ�LQ�)LJXUH���

���'HWHUPLQH�WKH�YDULDEOHV�WR�REVHUYH�

���&ROOHFW�DQG�UHFRUG�GDWD�REVHUYDWLRQV�

���6WXG\�JUDSKLFV�DQG�VXPPDULHV�RI�WKH

FROOHFWHG�GDWD�WR�GLVFRYHU�DQG�UHPRYH
PLVWDNHV�DQG�WR�UHYHDO�ORZ�GLPHQVLRQDO

UHODWLRQVKLSV�DPRQJ�YDULDEOHV�

���&KRRVH�D�PRGHO�GHVFULELQJ�WKH

LPSRUWDQW�UHODWLRQVKLSV�WKDW�DUH�VHHQ�RU

K\SRWKHVL]HG�LQ�WKH�GDWD�

���)LW�WKH�PRGHO�XVLQJ�WKH�DSSURSULDWH

PRGHOLQJ�WHFKQLTXH�

���([DPLQH�WKH�ILW�XVLQJ�PRGHO

VXPPDULHV�DQG�GLDJQRVWLF�SORWV�

���7HVW�WKH�PRGHO�ZLWK�QHZ�GDWD�

1R

����$UH�\RX�VDWLVILHG�ZLWK�WKH�PRGHO"

����������������������������������<HV

)LJXUH�������)ORZ�FKDUW�RI�WKH�PRGHOLQJ�SURFHVV



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH��

$W�DQ\�SRLQW�LQ�WKH�PRGHOLQJ�SURFHVV�GHVFULEHG�LQ�)LJXUH����\RX�PD\�ILQG�WKDW�\RXU�FKRLFH�RI�D�PRGHO�GRHV

QRW�DSSURSULDWHO\�ILW�WKH�GDWD�

,Q�VRPH�FDVHV��GLDJQRVWLF�SORWV��VWHS����PD\�JLYH�\RX�FOXHV�WR�LPSURYH�WKH�ILW��6RPHWLPHV�\RX�PD\�QHHG�WR

WU\�WUDQVIRUPHG�YDULDEOHV��VWHS����RU�HQWLUHO\�GLIIHUHQW�YDULDEOHV��VWHS�����<RX�PD\�QHHG�WR�WU\�GLIIHUHQW

PRGHOLQJ�WHFKQLTXHV�WKDW�ZLOO�DOORZ�\RX�WR�ILW�LQ�QRQOLQHDU�UHODWLRQVKLSV�RU�LQWHUDFWLRQV��VWHS�����$W�WLPHV�

DOO�\RX�QHHG�LV�WR�UHPRYH�RXWO\LQJ��LQIOXHQWLDO�GDWD��VWHS�����RU�ILW�WKH�PRGHO�UREXVWO\��VWHS����

2I�FRXUVH��WKHUH�LV�QR�RQH�DQVZHU�IRU�KRZ�WR�EXLOG�JRRG�VWDWLVWLFDO�PRGHOV��%\�LWHUDWLYHO\�ILWWLQJ��SORWWLQJ�

WHVWLQJ��FKDQJLQJ�VRPHWKLQJ��DQG�WKHQ�UHILWWLQJ��\RX�ZLOO�DUULYH�DW�WKH�EHVW�ILWWLQJ�PRGHO�IRU�\RXU�GDWD�

:KHQ�GHYHORSLQJ�D�VWDWLVWLFDO�PRGHO�LQ�WKH�6$6�6\VWHP��WKHUH�DUH�D�ZLGH�UDQJH�RI�SRVVLEOH�PRGHOLQJ

WHFKQLTXHV�WR�FKRRVH�IURP��$PRQJ�WKHP�DUH�JHQHUDOL]HG�OLQHDU�PRGHOV��DQDO\VLV�RI�YDULDQFH��DXWRUHJUHVVLYH

PRGHOV��DQG�PDQ\�PRUH��)RUWXQDWHO\��PDQ\�GLIIHUHQW�FODVVHV�RI�VWDWLVWLFDO�PRGHOV�VKDUH�D�VXEVWDQWLDO

FRPPRQ�VWUXFWXUH��7KH�VWHSV�OLVWHG�LQ�)LJXUH�����DSSO\�WR�PDQ\�PRGHOV��DQG�LPSRUWDQW�VXPPDULHV�DQG

GLDJQRVWLFV�FDQ�EH�VKDUHG�GLUHFWO\�RU�DGDSWHG�VWUDLJKWIRUZDUGO\�IURP�RQH�FODVV�RI�PRGHOV�WR�DQRWKHU��7KH

REMHFW�RULHQWHG�VWDWLVWLFDO�SURJUDPPLQJ�DQG�DQDO\VHV�RI�WKH�YDULRXV�FODVVHV�RI�PRGHOV�WDNH�DGYDQWDJH�RI�WKLV

FRPPRQ�VWUXFWXUH�

'DWD�8VHG�IRU�0RGHOV

6WDWLVWLFDO�PRGHOV�DOORZ�LQIHUHQFHV�WR�EH�PDGH�DERXW�REMHFWV�E\�PRGHOLQJ�DVVRFLDWHG�GDWD��RUJDQL]HG�E\

YDULDEOHV��$�6$6�GDWD�VHW�FDQ�EH�FRQVLGHUHG�DQ�REMHFW�WKDW�UHSUHVHQWV�D�VHTXHQFH�RI�REVHUYDWLRQV�RQ�VRPH

FKRVHQ�VHW�RI�YDULDEOHV��6$6�GDWD�VHWV�DOORZ�FRPSXWDWLRQV�ZKHUH�YDULDEOHV�FDQ�DFW�DV�VHSDUDWH�REMHFWV�DQG

FDQ�EH�UHIHUHQFHG�VLPSO\�E\�QDPLQJ�WKHP��7KLV�PDNH�6$6�GDWD�VHWV�YHU\�XVHIXO�LQ�PRGHOLQJ�

9DULDEOHV�LQ�6$6�GDWD�VHWV�DUH�RI�WZR�W\SHV��1XPHULF�DQG�&KDUDFWHU��7KHVH�WZR�W\SHV�GR�QRW�FRYHU�DOO�GDWD

W\SHV�WKDW�\RX�QHHG�LQ�VWDWLVWLFDO�PRGHOLQJ��+RZHYHU��E\�DVVRFLDWLQJ�D�6$6�GDWD�VHW�YDULDEOH�ZLWK�VRPH

FODVV��\RX�VSHFLI\�KRZ�WKLV�YDULDEOH�VKRXOG�EH�FRQVLGHUHG��)RU�H[DPSOH��DVVRFLDWLQJ�D�QXPHULF�YDULDEOH�ZLWK

WKH�9HFWRU�'LVFUHWH�FODVV�GHILQHV�YDOXHV�RI�WKLV�YDULDEOH�DV�GLVFUHWH��$W�WKH�VDPH�WLPH��LI�\RX�DVVRFLDWH�WKH

VDPH�QXPHULF�YDULDEOH�ZLWK�WKH�9HFWRU�FODVV��WKH�YDOXHV�RI�WKLV�YDULDEOH�ZLOO�EH�LQWHUSUHWHG�DV�FRQWLQXRXV�

:KHQ�GHYHORSLQJ�D�PRGHO��WKH�W\SHV�RI�GDWD�\RX�KDYH�DUH�LPSRUWDQW�IRU�GHFLGLQJ�ZKLFK�PRGHOLQJ�WHFKQLTXH

EHVW�VXLWV�\RXU�GDWD��&RQWLQXRXV�GDWD�UHSUHVHQWV�TXDQWLWDWLYH�GDWD�KDYLQJ�D�FRQWLQXRXV�UDQJH�RI�YDOXHV�

&DWHJRULFDO�GDWD�UHSUHVHQWV�TXDOLWDWLYH�GDWD��GLVFUHWH�GDWD���PHDQLQJ�WKDW�WKH\�FDQ�DVVXPH�RQO\�FHUWDLQ�IL[HG

QXPHULF�RU�FKDUDFWHU�YDOXHV��,Q�REMHFW�RULHQWHG�VWDWLVWLFDO�DQDO\VLV�\RX�UHSUHVHQW�FDWHJRULFDO�GDWD�ZLWK�D

IDFWRU��ZKLFK�NHHSV�WUDFN�RI�WKH�OHYHOV�RU�GLIIHUHQW�YDOXHV�WKDW�DUH�FRQWDLQHG�LQ�WKH�GDWD�DQG�WKH�OHYHO�HDFK

GDWD�SRLQW�FRUUHVSRQGV�WR��1XPHULF�REMHFWV�LQ�REMHFW�RULHQWHG�VWDWLVWLFDO�DQDO\VLV�DUH�YHFWRUV�

RU�PDWULFHV�

$�VWDWLVWLFDO�PRGHO�H[SUHVVHV�D�UHVSRQVH�YDULDEOH�DV�VRPH�IXQFWLRQ�RI�D�VHW�RI�RQH�RU�PRUH�SUHGLFWRU

YDULDEOHV��7KH�W\SH�RI�PRGHO�\RX�VHOHFW�GHSHQGV�RQ�ZKHWKHU�WKH�UHVSRQVH�DQG�SUHGLFWRU�YDULDEOHV�DUH

FRQWLQXRXV�RU�FDWHJRULFDO��)RU�H[DPSOH��WKH�FODVVLFDO�UHJUHVVLRQ�SUREOHP�KDV�D�FRQWLQXRXV�UHVSRQVH�DQG

FRQWLQXRXV�SUHGLFWRUV��EXW�WKH�FODVVLFDO�DQDO\VLV�RI�YDULDQFH�SUREOHP�KDV�D�FRQWLQXRXV�UHVSRQVH�DQG

FDWHJRULFDO�SUHGLFWRUV�



&KDSWHU����,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�3URJUDPPLQJ ��

$�GDWD�SURSHUW\�WKDW�LV�YHU\�LPSRUWDQW�IRU�VWDWLVWLFDO�PRGHOLQJ�DQG�LQIHUHQFH�LV�WKH�OHYHO�RI�GDWD

PHDVXUHPHQW��RU�WKH�PHDVXUHPHQW�VFDOH��7KHUH�DUH�IRXU�GLIIHUHQW�VFDOHV�

�� 1RPLQDO�VFDOH��FODVVLILHV�HDFK�REVHUYDWLRQ�DFFRUGLQJ�WR�VSHFLILF�FKDUDFWHULVWLFV��)RU�H[DPSOH��VH[

�PDOH�IHPDOH���SROLWLFDO�SDUW\��'HPRFUDW�5HSXEOLFDQ�,QGHSHQGHQW�2WKHU���ELQDU\�PHDVXUHV

�VXFFHVV�IDLOXUH��

�� 2UGLQDO�VFDOH��FODVVLILHV�HDFK�REVHUYDWLRQ�DFFRUGLQJ�WR�VSHFLILF�FKDUDFWHULVWLFV��EXW�ZLWK�VRPH

RUGHULQJ��)RU�H[DPSOH��QXPEHU�RI�FLJDUHWWHV�VPRNHG��������SDFN�GD\������SDFNV�GD\��!��

SDFNV�GD\���IHHOLQJV�RQ�DQ�LVVXH��GLVDJUHH��LQGLIIHUHQW��DJUHH���PLOLWDU\�UDQN��&DSWDLQ��0DMRU�

&RORQHO��*HQHUDO��

�� ,QWHUYDO�VFDOH��RUGHULQJ�LV�LQKHUHQW�LQ�WKH�GDWD��DQG�HYHQ�PRUH�LPSRUWDQWO\��WKHUH�LV�D�FRPPRQ�DQG

FRQVWDQW�XQLW�WKDW�LV�XVHG�IRU�WKH�PHDVXUHPHQW��)RU�H[DPSOH��WHPSHUDWXUH�VFDOHV�VXFK�DV�&HOVLXV�RU

)DKUHQKHLW��EXW�QRW�.HOYLQ���=HUR�LV�QRW�LPSRUWDQW�

�� 5DWLR�VFDOH��UDWLRV�DUH�PHDQLQJIXO��IRU�H[DPSOH���.�LV�KDOI�RI����.��$GGLWLRQDO�H[DPSOHV�LQFOXGH

WHPSHUDWXUH�RQ�WKH�.HOYLQ�VFDOH��PRQHWDU\�XQLWV��ZHLJKW��GLVWDQFH��DQG�YHORFLW\�

([DPSOH�RI�'DWD�$QDO\VLV

7KH�H[DPSOH�WKDW�IROORZV�GHVFULEHV�RQO\�RQH�ZD\�RI�DQDO\]LQJ�GDWD�WKURXJK�WKH�XVH�RI�VWDWLVWLFDO�PRGHOLQJ�

7KHUH�LV�QR�SHUIHFW�FRRNERRN�DSSURDFK�WR�EXLOGLQJ�PRGHOV��DV�GLIIHUHQW�WHFKQLTXHV�GR�GLIIHUHQW�WKLQJV��DQG

QRW�DOO�RI�WKHP�XVH�WKH�VDPH�DUJXPHQWV�ZKHQ�GRLQJ�WKH�DFWXDO�ILWWLQJ��7KH�IROORZLQJ�DQDO\VLV�XVHV�D�GDWD�VHW

WKDW�FRQWDLQV�D�YDULHW\�RI�GDWD�IRU�FDU�PRGHOV��7KH�FRPSOHWH�GDWD�VHW�LV�DYDLODEOH�WKURXJK�WKH�6$6�2QOLQH

6DPSOHV�IDFLOLW\��IRU�GHWDLOHG�LQIRUPDWLRQ��UHIHU�WR�WKH�LQVLGH�EDFN�FRYHU�RI�WKH�ERRN��

7KLV�LV�KRZ�WKH�GDWD�VHW�ORRNV�

&DUV�WDEOH

&28175< 7<3( 5(/,$%,/ 0,/($*( :(,*+7

-DSDQ 6PDOO � � ����
-DSDQ 0HGLXP � �� ����
*HUPDQ\ 0HGLXP � � ����
*HUPDQ\ &RPSDFW � �� ����
*HUPDQ\ &RPSDFW � � ����
*HUPDQ\ 0HGLXP � � ����
86$ 0HGLXP � �� ����
86$ /DUJH � � ����
86$ /DUJH � �� ����
� � � � �



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH��

1H[W�ZH�VKRZ�\RX�KRZ�WR�GHILQH�WKH�VWDWLVWLFDO�DQDO\VLV�RI�WKLV�GDWD�XVLQJ�DQ�REMHFW�RULHQWHG�DSSURDFK��)LUVW�

OHW©V�XSGDWH�LQIRUPDWLRQ�DERXW�WKH�FDUV�GDWD�REMHFW�LQ�WKH�3URSHUW\�WDEOH��7KH�XSGDWHG�WDEOH�ORRNV

OLNH�WKLV�

3URSHUW\�WDEOH��VHOHFWHG�FROXPQV�

2%-(&7 &2/801 7,7/( 7<3( /(1*7+ $775,%87

� � � � � �
FDUV &28175< &RXQWU\ & �� 3
FDUV 7<3( 7\SH�RI�D�FDU & �� 3
FDUV 5(/,$%,/ 5HOLDELOLW\�PDUN 1 �
FDUV 0,/($*( 0LOHDJH�GDWD 1 �
FDUV :(,*+7 :HLJKW�RI�D�FDU 1 �

7KH�YDOXH�¦3§�IRU�WKH�$775,%87�FROXPQ�RI�WKH�3URSHUW\�WDEOH�GHILQHV�WKH�&28175<�DQG�7<3(�FROXPQV

DV�SULPDU\�NH\�RI�WKH�&DUV�WDEOH�

1RZ�ZH�FDQ�GHILQH�VWDWLVWLFDO�REMHFWV�LQ�WKH�6WDW2EM�WDEOH��2QFH�PRUH��OHW©V�DVVXPH�IRU�VLPSOLFLW\�WKDW�DOO

VWDWLVWLFDO�FODVVHV�WKDW�ZH�ZLOO�XVH�LQ�WKLV�H[DPSOH�DUH�DOUHDG\�GHILQHG�LQ�WKH�WDEOHV�RI�WKH�GDWD�GLFWLRQDU\�

DQG�HDFK�RI�WKHP�KDV�RQO\�WZR�SDUDPHWHUV��GDWD�REMHFW�QDPH�DQG�FROXPQ�QDPH��7KH�GHILQLWLRQV�RI�WKH�QHZ

VWDWLVWLFDO�REMHFWV�LQ�WKH�6WDW2EM�WDEOH�ORRN�OLNH�WKLV�

6WDW2EM�WDEOH

67$72%- &/$66 $775B12 $775B9$/

PLOHDJH YHFWRU � FDUV
PLOHDJH YHFWRU � PLOHDJH
UHOLDEO YHFWRU�GLVFUHWH � FDUV
UHOLDEO YHFWRU�GLVFUHWH � PLOHDJH
ZHLJKW YHFWRU � FDUV
ZHLJKW YHFWRU � ZHLJKW
FRXQWU\ IDFWRU � FDUV
FRXQWU\ IDFWRU � FRXQWU\
W\SH IDFWRU � FDUV
W\SH IDFWRU � W\SH

$V�\RX�VHH��WKH�GHILQLWLRQV�RI�WKH�VWDWLVWLFDO�REMHFWV�DUH�YHU\�REYLRXV�DQG�QHHG�QR�DGGLWLRQDO�FRPPHQWV�



&KDSWHU����,QWURGXFWLRQ�WR�2EMHFW�2ULHQWHG�6WDWLVWLFDO�3URJUDPPLQJ ��

1RZ�ZH�DUH�UHDG\�WR�GHILQH�VWDWLVWLFDO�SURFHVVLQJ�RI�WKH�QHZ�REMHFWV��7R�GR�LW��ZH�MXVW�QHHG�WR�GHILQH�LQ�WKH

6WDW$FW�WDEOH�ZKLFK�DFWLRQV�ZH�ZDQW�WR�EH�GRQH�

6WDW$FW�WDEOH

$1$/<6,' 25'(5 67$72%- $&7,21 3$5$06

H[DPSOH� � PLOHDJH &UHDWH PLOHDJH
H[DPSOH� � UHOLDEO &UHDWH UHOLDEO
H[DPSOH� � ZHLJKW &UHDWH ZHLJKW
H[DPSOH� � W\SH &UHDWH W\SH
H[DPSOH� � FRXQWU\ &UHDWH FRXQWU\
H[DPSOH� � PLOHDJH 0LQ
H[DPSOH� � PLOHDJH 0HDQ
H[DPSOH� � PLOHDJH 0HGLDQ
H[DPSOH� � PLOHDJH 0D[
H[DPSOH� �� UHOLDEOH 0HDQ
H[DPSOH� �� UHOLDEOH 0HGLDQ
H[DPSOH� �� ZHLJKW 0LQ
H[DPSOH� �� ZHLJKW 0HDQ
H[DPSOH� �� ZHLJKW 0HGLDQ
H[DPSOH� �� ZHLJKW 0D[
H[DPSOH� �� FRXQWU\ *URXS
H[DPSOH� �� W\SH 6XEJURXS

1RZ�WKH�DFWLRQV�ZLOO�EH�SHUIRUPHG�DFFRUGLQJ�WR�WKH�GHILQLWLRQV�LQ�WKH�6WDW$FW�WDEOH��<RX�FDQ�SHUIRUP�WKH

VWDWLVWLFDO�DQDO\VLV�LQ�WKH�IROORZLQJ�PDQQHU�

�� &UHDWH�WKH�QHZ�VWDWLVWLFDO�REMHFWV�E\�XVLQJ�WKH��$&7,21�PDFUR�DV�IROORZV�

%action(object=mileage, action = “Create”,
params=“mileage”);

%action(object=reliabl, action = “Create”,
params=“reliabl”);

%action(object=weight, action = “Create”,
params=“weight”);

%action(object=type, action = “Create”,
params=“type”);

%action(object=country, action = “Create”,
params=“country”);

�� &DOFXODWH�GHVFULSWLYH�VWDWLVWLFV�E\�XVLQJ�WKH��$&7,21�PDFUR�DV�IROORZV�

%action(object=reliabl, action = “Median”);

%action(object=weight, action = “Mean”);

7KH�GHVLUHG�GHVFULSWLYH�VWDWLVWLFV�ZLOO�EH�FDOFXODWHG���HDFK�WLPH�E\�DQ�DSSURSULDWH�PHWKRG�



3URJUDPPLQJ�7HFKQLTXHV�IRU�2EMHFW�%DVHG�6WDWLVWLFDO�$QDO\VLV�ZLWK�6$6�6RIWZDUH��

+RZHYHU��\RX�VKRXOG�QRW�FDOO�WKH��$&7,21�PDFUR�SURJUDP�IRU�HDFK�DFWLRQ��7KLV�MRE�ZLOO�EH�GRQH�IRU�\RX

E\�WKH�PDFUR�SURJUDP��$1$/<=(��ZKLFK�JHWV�WKH�$1$/<6,'�YDOXH�DV�LWV�SDUDPHWHU��7KH��$1$/<=(

PDFUR�LV�DYDLODEOH�WKURXJK�WKH�6$6�2QOLQH�6DPSOHV�IDFLOLW\��IRU�GHWDLOHG�LQIRUPDWLRQ��UHIHU�WR�WKH�LQVLGH

EDFN�FRYHU�RI�WKH�ERRN��

6XPPDU\

,Q�WKLV�FKDSWHU�ZH�UHFDOOHG�WKH�IXQGDPHQWDOV�RI�DQ�REMHFW�RULHQWHG�DSSURDFK�DQG�GLVFXVVHG�VWDWLVWLFDO

PRGHOLQJ�LQ�JHQHUDO�WHUPV��7KH�PDLQ�JRDO�ZDV�WR�GHPRQVWUDWH�KRZ�WR�DSSO\�WKLV�DSSURDFK�WR�VWDWLVWLFDO

SURJUDPPLQJ�DQG�DQDO\VLV��DQG�KRZ�LW�FDQ�EH�LPSOHPHQWHG�LQ�6$6�XVLQJ�D�WDEOH�GULYHQ�HQYLURQPHQW�

%ULHIO\��KHUH�DUH�WKH�PDLQ�LGHDV�

x 6SHFLDOO\�VWUXFWXUHG�WDEOHV�IRUP�D�GDWD�GLFWLRQDU\�WKDW�HQDEOHV�\RX�WR�GHILQH�VWDWLVWLFDO�FODVVHV��WR

GHILQH�LQVWDQFHV�RI�WKHVH�FODVVHV��WKDW�LV��VWDWLVWLFDO�REMHFWV���DQG�WR�GHILQH�VWDWLVWLFDO�SURFHVVLQJ�RI

WKHVH�LQVWDQFHV�

x $�PHFKDQLVP�LPSOHPHQWHG�ZLWK�6$6�PDFUR�ODQJXDJH�UHVROYHV�WKH�GHILQLWLRQV�VWRUHG�LQ�WKH�GDWD

GLFWLRQDU\�

,Q�WKH�IROORZLQJ�FKDSWHUV�\RX�ZLOO�JHW�D�GHWDLOHG�H[SODQDWLRQ�RI�HDFK�FRPSRQHQW�LQ�WKLV�DSSURDFK��<RX�ZLOO

OHDUQ�KRZ�WR�GHILQH�VWDWLVWLFDO�FODVVHV��&KDSWHU����DQG�KRZ�WR�FUHDWH�D�VHW�RI�DFWLRQV�WKDW�VSHFLI\�KRZ�D

VWDWLVWLFDO�REMHFW�ZLOO�EHKDYH�ZLWK�UHVSHFW�WR�FHUWDLQ�JHQHULF�RSHUDWLRQV��&KDSWHU�����<RX�ZLOO�OHDUQ�WKH

VWUXFWXUH�RI�WKH�GDWD�GLFWLRQDU\�DQG�KRZ�WR�GHILQH�FODVVHV�DQG�REMHFWV�LQ�WKH�GDWD�GLFWLRQDU\�WDEOHV

�&KDSWHU�����$QG�ILQDOO\��\RX�ZLOO�VROYH�VRPH�VWDWLVWLFDO�SUREOHPV�XVLQJ�DOO�\RX�KDYH�OHDUQHG��&KDSWHU����


