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�7KHRU\�DQG�0HWKRGV����

�RI�PRGHOV�WR�WKH�GDWD��,Q�WKLV�KDQGERRN��WKDW

�UHDGHU�PD\�EH�DEOH�WR�ILQG�D�GLVFXVVLRQ�RI�WKH

�UDWLRQDOHV�IRU�XVLQJ�YDULRXV�PRGHOV��D�OLVW�RI

�UHIHUHQFHV�RQ�LPSOHPHQWDWLRQ��DQG�H[DPSOHV

�RI�WKH�PRGHOV�

�/HW�PH�ILUVW�VD\�ZKDW�WKLV�ERRN�LV�QRW��,W�LV

�QRW�D�FROOHFWLRQ�RI�PHWKRGV��EXW�RI�PRGHOV�

�7KH�UHDGHU�ZLOO�ILQG�HVVHQWLDOO\�QR�GLVFXVVLRQ

�RI�JUDSKLFDO�PHWKRGV��QRQSDUDPHWULF�PHWK�

�RGV��RU�RWKHU�QRQPRGHO�EDVHG�DSSURDFKHV�

�7KH�ERRN�LV�D�KDQGERRN��QRW�D�FRRNERRN�

�ZKLFK�LV�ERWK�JRRG�DQG�EDG��7KHUH�LV

�H[WHQVLYH�GLVFXVVLRQ�DERXW�WKH�WKHRU\�UHODW�

�LQJ�WR�WKH�PRGHOV��EXW�QRW�TXLWH�HQRXJK

�GHWDLO�IRU�WKH�XVHU�WR�EH�DEOH�WR�ILW�WKHVH

�PRGHOV�WR�GDWD�ZLWKRXW�DGGLWLRQDO�KHOS��)RU

�WKH�UHDGHU�ZLWK�DGHTXDWH�VRIWZDUH��WKDW�ZLOO

�QRW�EH�D�SUREOHP��RWKHU�UHDGHUV�ZLOO�KDYH�WR

�JR�WR�WKH�FLWHG�UHIHUHQFHV�

�7KH�KDQGERRN�KDV����XQUHODWHG�FKDSWHUV��,

�ZLOO�IRFXV�RQ�WKH�IRXU�ZKRVH�WLWOHV�VXJJHVW

�VRPH�UHOHYDQFH�WR�P\�UHVHDUFK�LQ�SROLWLFDO

�VFLHQFH��ZKLFK�LQYROYHV�DQDO\]LQJ�HOHFWLRQ
�UHWXUQV�DQG�VXUYH\V�RQ�YRWLQJ�SUHIHUHQFHV�

�7KH�FKDSWHU�RQ�FDXVDO�LQIHUHQFH��E\�0��(�

�6REHO��LV�LQWHUHVWLQJ�UHDGLQJ��DQG�SURYLGHV�DQ

�H[FHOOHQW�RYHUYLHZ�RI�VHYHUDO�LGHDV�DERXW

�FDXVDO�LQIHUHQFH��8QIRUWXQDWHO\��LW�GRHV�QRW

�FRQQHFW�ZHOO�ZLWK�WKH�ODWHU�FKDSWHUV��:KHQ

�FDQ�LQIHUHQFHV�EDVHG�RQ�WKH�FRPSOLFDWHG

�PRGHOV�GLVFXVVHG�LQ�WKLV�ERRN�EH�FRQVLGHUHG

��FDXVDO�"�5HDGLQJ�WKLV�FKDSWHU�ZRXOG�QRW

�KHOS�PH�VHOHFW�D�PRGHO�IRU�HVWLPDWLQJ�WKH

�FDXVDO�HIIHFW�RI�LQFXPEHQF\�LQ�FRQJUHVVLRQDO

�HOHFWLRQV�

�5��-��$��/LWWOH�DQG�1��6FKHQNHU�IROORZ�ZLWK�D

�FKDSWHU�RQ�PRGHOV�IRU�PLVVLQJ�GDWD�LQ�VXUYH\V

�DQG�GDWDEDVHV��DQG�FRPSXWDWLRQDO�LVVXHV

�DULVLQJ�LQ�PXOWLSOH�LPSXWDWLRQ��,Q�P\�DQDO\VLV

�RI�HOHFWLRQV��VLPSOH�PHWKRGV�RI�KDQGOLQJ

�PLVVLQJ�GDWD�VXIILFH��DQG�/LWWOH�DQG�6FKHQNHU
V

�GLVFXVVLRQ�RI�FRQFHSWV�DQG�QDLYH�DSSURDFKHV

�SURYLGHV�XVHIXO�SHUVSHFWLYH��:KHQ�DQDO\]LQJ

�VDPSOH�VXUYH\V��,�HQFRXQWHU�PXFK�ODUJHU

�PLVVLQJ�GDWD�SUREOHPV��DQG�WKH�WUHDWPHQW

�KHUH�RI�WKH�PXOWLYDULDWH�QRUPDO�DQG�UHODWHG

�PRGHOV�LV�GHWDLOHG�DQG�HQOLJKWHQLQJ��$Q

�LPSRUWDQW�VWUDWHJ\�ZKHQ�PRGHOLQJ�PLVVLQJ

�GDWD�LV�WR�LQFOXGH�HQRXJK�FRYDULDWHV�VR�WKDW�D
�PLVVLQJ�DW�UDQGRP�PRGHO�FDQ�EH�DVVXPHG��LW

�ZRXOG�KDYH�EHHQ�QLFH�WR�VHH�D�GLVFXVVLRQ�RI

�KLHUDUFKLFDO�PRGHOV��ZKLFK�QDWXUDOO\�DULVH

�ZKHQ�VHWWLQJ�XS�UHJUHVVLRQ�PRGHOV�ZLWK

�PDQ\�FRYDULDWHV�

�7KH�WKLUG�FKDSWHU��E\�*��$UPLQJHU��LV�D

�SUHVHQWDWLRQ�RI�UHJUHVVLRQ�IURP�DQ�HFRQRPHW�

�ULF�SHUVSHFWLYH��7KH�FKDSWHU�KDV�D�VWURQJ

�WKHRUHWLFDO�IRFXV�DQG�FRYHUV�D�UDQJH�RI�WRSLFV

�LQ�PD[LPXP�OLNHOLKRRG�DQG�SVHXGR�PD[LPXP�

�OLNHOLKRRG�HVWLPDWLRQ�DQG�WHVWLQJ�IRU�OLQHDU

�DQG�QRQOLQHDU�PRGHOV��,Q�P\�UHJUHVVLRQ

�DQDO\VHV�RI�HOHFWRUDO�GDWD��WKH�ILUVW�VHFWLRQ�RI

�WKLV�FKDSWHU�RQ�QRUPDO�OLQHDU�UHJUHVVLRQ�

�ZRXOG�EH�UHOHYDQW��EXW�WKH�UHVW�ZRXOG�QRW�EH�

�EHFDXVH�LQ�RXU�UHVHDUFK��WKH�GLIILFXOWLHV�LQ

�DQDO\VLV�DULVH�QRW�IURP�QRQOLQHDULW\�RU�LGHQWL�

�ILDELOLW\��EXW�EHFDXVH�HVWLPDQGV�RI�LQWHUHVW�DUH

�QRQOLQHDU�IXQFWLRQV�RI�SUHGLFWLRQV��IRU�H[DP�

�SOH��WKH�QXPEHU�RI�OHJLVODWLYH�VHDWV�ZRQ�E\

�WKH�'HPRFUDWLF�SDUW\��LQ�DQ�DQDO\VLV�LQ�ZKLFK

�WKH�XQLWV�DUH�OHJLVODWLYH�GLVWULFWV�DQG�WKH

�RXWFRPH�YDULDEOH�LV�WKH�SURSRUWLRQ�RI�YRWHV

�ZRQ�E\�WKH�'HPRFUDWV�LQ�HDFK�GLVWULFW��
�UDWKHU�WKDQ�UHJUHVVLRQ�FRHIILFLHQWV��)RU�WKHVH

�SXUSRVHV��,�ZRXOG�KDYH�OLNHG�WR�VHH�D

�GLVFXVVLRQ�RI�FRPSXWDWLRQDO�PHWKRGV�EDVHG

�RQ�SUHGLFWLYH�VLPXODWLRQ��LQ�DGGLWLRQ�WR�SRLQW

�HVWLPDWHV�RI�SDUDPHWHUV�

�,�QRZ�VNLS�WR�WKH�KDQGERRN
V�ILQDO�FKDSWHU�

�E\�1��7��/RQJIRUG��RQ�UDQGRP�FRHIILFLHQW

��KLHUDUFKLFDO��PRGHOV��7KHVH�PRGHOV�DUH�YHU\

�LPSRUWDQW�LQ�P\�UHVHDUFK��DULVLQJ�ZKHQ�,

�QHHG�WR�FRPELQH�VHYHUDO�VRXUFHV�RI�LQIRUPD�

�WLRQ��IRU�H[DPSOH��LQ�DQDO\]LQJ�GDWD�IURP
�VHYHUDO�QDWLRQDO�HOHFWLRQV���DQG�,�ZDV�KDSS\
�WR�VHH�KHUH�D�FOHDU�DQG�H[WHQVLYH�GLVFXVVLRQ

�RI�KLHUDUFKLFDO�UHJUHVVLRQ�PRGHOV��FRQFOXGLQJ

�ZLWK�D�QLFH�H[DPSOH��ZLWK�QXPHULFDO�DQG

�JUDSKLFDO�VXPPDULHV��7KLV�FKDSWHU�GLVFXVVHV

�ERWK�FRQFHSWXDO�DQG�FRPSXWDWLRQDO�LVVXHV�

�DQG�,�H[SHFW�LW�ZLOO�EH�XVHIXO�WR�PDQ\�UHDGHUV�

�)URP�WKH�SHUVSHFWLYH�RI�D�UHVHDUFKHU�LQ

�SROLWLFDO�VFLHQFH��,�ZRXOG�DGG�WR�WKLV�FKDSWHU

�D�QRWH�WKDW�KLHUDUFKLFDO�GDWD�VWUXFWXUHV�FDQ

�DULVH�ZLWKRXW�KLHUDUFKLFDO�GHVLJQ��IRU�H[DP�
�SOH��WKHUH�LV�QR�UDQGRP�VDPSOLQJ�LQYROYHG�LQ

�D�VWXG\�RI�HOHFWLRQ�UHWXUQV��DQG�WKH����VWDWHV

�FDQ�RIWHQ�EH�XVHIXOO\�PRGHOHG�KLHUDUFKLFDOO\�

�HYHQ�WKRXJK�WKH\�DUH�QRW�D�VDPSOH�IURP�D

�ODUJHU�SRSXODWLRQ�RI�VWDWHV��

�7KH�ERRN
V�PDMRU�JDS�LV�ZLWK�VLPSOHU

�PRGHOV�DQG�PHWKRGV��2I�FRXUVH��WKH�PRVW

�VWDQGDUG�WRSLFV��VXFK�DV�VLPSOH�DQDO\VLV�RI

�YDULDQFHV��DUH�FRYHUHG�LQ�PDQ\�WH[WERRNV�
�EXW�LQ�WKLV�KDQGERRN�,�ZRXOG�KDYH�OLNHG�WR

�KDYH�VHHQ�GLVFXVVLRQV�RI�WKH�IROORZLQJ�WRSLFV

�WKDW�DUH�RIWHQ�LJQRUHG�LQ�LQWURGXFWRU\�WH[WV�

����*UDSKLFDO�SUHVHQWDWLRQ�WKLV�LV�QRW

�VWULFWO\��PRGHOLQJ��EXW�LV�FUXFLDO�LQ�GHYHO�
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�����7KHRU\�DQG�0HWKRGV

�RSLQJ�PRGHOV��7KH�UHODWLRQ�EHWZHHQ�VFDW�

�WHUSORWV�DQG�UHJUHVVLRQ�PRGHOV��LQ�SDUWLFX�

�ODU��LV�LPSRUWDQW��)RU�H[DPSOH��JUDSKV�FDQ

�EH�XVHIXO�LQ�GHWHUPLQLQJ�ZKLFK�LQWHUDF�

�WLRQV�WR�ILW�LQ�D�UHJUHVVLRQ�PRGHO�DQG

�VXJJHVWLQJ�ZD\V�LQ�ZKLFK�D�PRGHO�FDQ�EH

�LPSURYHG�

����3UHGLFWLRQ��IRU�H[DPSOH��XVLQJ�UHJUHV�

�VLRQ���)URP�WKH�SHUVSHFWLYH�RI�D�SROLWLFDO
�VFLHQWLVW��WKLV�WRSLF�LV�ZRUWK�D�FKDSWHU�

����0RGHOV�IRU�GDWD�FROOHFWLRQ��7KLV�LV�DQ

�LPSRUWDQW�WRSLF�ZKHQ��IRU�H[DPSOH��DQDO\]�

�LQJ�VDPSOH�VXUYH\V��7KH�FKDSWHU�E\�/LWWOH

�DQG�6FKHQNHU�GLVFXVVHV�PHWKRGV�IRU�PLVV�

�LQJ�GDWD��EXW�LW�ZRXOG�EH�QLFH�WR�KDYH�D

�VHFWLRQ�LQ�WKH�KDQGERRN�DERXW�DQDO\]LQJ

�FRPSOHWH�VXUYH\�GDWD�IRU�H[DPSOH��KRZ

�WR�LQFRUSRUDWH�VDPSOLQJ�DQG�SRVWVWUDWLILFD�

�WLRQ�ZHLJKWV�LQWR�UHJUHVVLRQ�PRGHOV�

�2Q�WKH�ZKROH��WKH�IRXU�FKDSWHUV�ZKRVH

�WLWOHV�VXJJHVW�UHOHYDQFH�WR�P\�UHVHDUFK

�FRQWDLQ�D�ORW�RI�XVHIXO�PDWHULDO�DQG�SRLQWHUV

�WR�IXUWKHU�UHIHUHQFHV��,�H[SHFW�WKLV�KDQGERRN

�WR�EH�XVHIXO�WR�D�ZLGH�UDQJH�RI�VRFLDO

�VFLHQWLVWV�LQYROYHG�LQ�GDWD�DQDO\VLV�XVLQJ

�DGYDQFHG�TXDQWLWDWLYH�PHWKRGV��3HUKDSV�D

�VHFRQG�YROXPH�FDQ�EH�FRPSLOHG�IRFXVLQJ�RQ

�VRPH�RI�WKH�LPSRUWDQW�VLPSOHU�PRGHOV�WKDW

�ZHUH�VNLSSHG�RYHU�KHUH�

�1HZ�'LUHFWLRQV�LQ�$WWLWXGH�0HDVXUHPHQW�

�HGLWHG�E\�'DJPDU�.UHEV�DQG�3HWHU�6FKPLGW�

�1HZ�<RUN�DQG�%HUOLQ��:DOWHU�GH�*UX\WHU�

�������'0�����,6%1����������������

�6FR7U�5��(//$621
�8QLYHUVLW\�RI�,RZD

�,Q�WKH�RSHQLQJ�SDUDJUDSK�RI�WKH�SUHIDFH�

�HGLWRUV�.UHEV�DQG�6FKPLGW�ZULWH���7KH�PDLQ

�JRDO�RI�WKLV�ERRN�LV�WKH�VLGH�E\�VLGH�SUHVHQWD�

�WLRQ�RI�UHOHYDQW�DSSURDFKHV�WR�DWWLWXGH

�WKHRU\��PHDVXUHPHQW�DQG�DQDO\VLV�����7KLV

�VHHPV�WR�EH�HVSHFLDOO\�LPSRUWDQW�ZLWK�UH�

�VSHFW�WR�WKH�JURZLQJ�JDS�EHWZHHQ�WKH�IDVW

�SURJUHVV�LQ�WHFKQLFDO�VRSKLVWLFDWLRQ�RI�PHD�

�VXUHPHQW�WHFKQLTXHV�RQ�WKH�RQH�KDQG�DQG

�FRPSDUDWLYHO\�VORZ�SURJUHVV�LQ�DWWLWXGH

�WKHRU\�RQ�WKH�RWKHU�KDQG���S��Y���7KLV�LV

�LQGHHG�ZKDW�WKH�FRQWULEXWRUV��PDQ\�RI�WKHP

�ZHOO�UHJDUGHG�VFKRODUV��KDYH�EURXJKW�WR�WKLV

�YROXPH��7KH�UHDGHU�ZLOO�ILQG�XVHIXO�GLVFXV�

�VLRQV�RI�WKHRUHWLFDO�DSSURDFKHV�WR�DWWLWXGH

�IRUPDWLRQ�DQG�FKDQJH��DV�ZHOO�DV�RI�HPSLULFDO

�DQG�VWDWLVWLFDO�LVVXHV��7KLV�HGLWHG�YROXPH�LV

�VHSDUDWHG�LQWR�ILYH�VHFWLRQV��KLVWRULFDO�SHUVSHF�

�WLYHV�DQG�VWDWH�RI�WKH�DUW��VRFLDO�VWUXFWXUH�

�DWWLWXGHV��DQG�VRFLDO�DFWLRQ��PHDVXUHPHQW

�WKHRU\�DQG�VFDOLQJ��ODWHQW�YDULDEOH�PRGHOV�

�IRXQGDWLRQV�DQG�VWDWLVWLFDO�LVVXHV��HIIHFWV�RI

�V\VWHPDWLF�ELDV�LQ�PHDVXULQJ�VRFLDO�OLIH

�IHHOLQJV�DQG��DWWLWXGHV�
�+RZHYHU��WKH�LPSOLFLW�JRDO�VWDWHG�DERYH�WR

�VRPHKRZ��DQG�WR�VRPH�GHJUHH��FORVH�WKH

�ZLGHQLQJ�JDS�EHWZHHQ�WKHRU\�DQG�WHFK�

�QLTXH��LV��XQIRUWXQDWHO\��QRW�DFKLHYHG��7KLV

�IDLOXUH�LV��SHUKDSV��QRW�DOO�WKDW�VXUSULVLQJ

�JLYHQ�WKDW�IHZ�RI�WKH�FKDSWHUV�DUH�RULHQWHG

�WRZDUG�D�SUHFLVH�VSHFLILFDWLRQ�RI�D�WKHRU\

�LQYROYLQJ�WKH�FRQFHSW�DWWLWXGHV��,Q�RUGHU�WR

�EULQJ�WRJHWKHU�WKHRU\�DQG�WHFKQLTXH��RQH

�ZRXOG�EH�FRPSHOOHG�DW�OHDVW�WR�SURYLGH

�SUHFLVH�GHILQLWLRQV�RI��DQG�OLQNDJHV�DPRQJ�

�FRQFHSWV��:LWKRXW�WKHVH��KRZ�FDQ�ZH�KRSH

�WR�GHULYH�DQ\�HPSLULFDO�VWDWLVWLFDO�WHFKQLTXH

�VWURQJO\�OLQNHG�WR�D�WKHRU\"�%\�IRFXVLQJ�RQ

�WKH�FRQFHSW�LQGHSHQGHQW�RI�WKH�WKHRU\�LQ

�ZKLFK�LW�LV�HPEHGGHG��DV�GRHV��IRU�H[DPSOH�

�0HOYLQ�6HHPDQ�LQ�WKH�ILUVW�FKDSWHU��RQH�FDQ

�HDVLO\�IDOO�LQWR�WKH�WUDS�RI�UHLILFDWLRQ��ZKLFK

�FDQ�JLYH�ULVH�WR�D�PLVJXLGHG�DWWHPSW�WR

�GLVFHUQ��WKH�EDVLF��RU�DW�OHDVW�GLVFULPLQDEOH�

�FRRUGLQDWHV�RI�WKDW�FRQFHSW���S������DV�LI�WKH
�FRQFHSW�KDG�LQGHSHQGHQW�HPSLULFDO�H[LV�

�WHQFH�

�6LPLODUO\��IRFXVLQJ�RQ�DQ�HPSLULFDO�

�VWDWLVWLFDO�WHFKQLTXH�LQGHSHQGHQW�RI�VRPH

�WKHRUHWLFDO�FRQWH[W�FDQ�OHDG��IRU�H[DPSOH��WR

�D�GLVFXVVLRQ�RI�PHDVXUHPHQW�LVVXHV�ZLWKRXW

�UHIHUHQFH�WR�DQ\�FRQFHSW�EHLQJ�PHDVXUHG

��H�J���WKH�FKDSWHU�E\�$UPLQJHU�DQG�5RWKH���7R
�EH�VXUH��VXFK�ZRUN�RIWHQ�LV�XVHIXO�LQ�LWV�RZQ

�ULJKW��+RZHYHU��LQ�D�WH[W�LQYROYLQJ�LVVXHV�RI

�DWWLWXGH�PHDVXUHPHQW��LJQRULQJ�WKH�FRQFHSW

�RI�DWWLWXGHV�DOWRJHWKHU�DSSHDUV�RGG�

�0RUH�SRVLWLYHO\��LI�RQH�GLG�QRW�IRFXV�RQ

�FORVLQJ�WKH�WKHRU\�WHFKQLTXH�JDS��WKHQ�WKLV

�WH[W�SURYLGHV�VRPH�XVHIXO�SLHFHV��7KH�DERYH

�FULWLFLVP�QRWZLWKVWDQGLQJ��6HHPDQ
V�FKDSWHU�

�D�KLVWRULFDO�RYHUYLHZ�RI�DWWLWXGH�DOLHQDWLRQ

�UHVHDUFK��SURYLGHV�XVHIXO�LQVLJKWV�LQWR�ZK\

�DWWLWXGH�UHVHDUFKHUV�WRGD\�KDYH�WKH�VDPH

�SUREOHPV�DV�WKH\�KDG�\HDUV�DJR��$M]HQ

�SURYLGHV�D�XVHIXO�DQG�LQWHUHVWLQJ�GLVFXVVLRQ

�RI�WKH�UHODWLRQ�EHWZHHQ�DWWLWXGHV�DQG�EHKDY�

�LRU��DQG�RI�WKH�WKHRU\�RI�SODQQHG�EHKDYLRU�

�6LPLODUO\��%RUJ�DQG�6WDXIHQELHO�SURYLGH�DQ

�LQWHUHVWLQJ�GLVFXVVLRQ�RI�IDFHW�WKHRU\��,QGHHG�

�HDFK�FKDSWHU�RIIHUV�VRPHWKLQJ�XVHIXO�WR�WKRVH
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