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7KH�SDSHU�GHVFULEHV�D�SURSRVDO�IRU�FULWHULD�DQG�WRROV�WR�FDWDORJXH�EULFN�PDVRQU\�YDXOWHG�V\VWHPV�LQ�1RUWKHUQ�,WDO\�EHWZHHQ�
WKH���WK�DQG���WK�FHQWXULHV��$ORQJ�ZLWK� WKH�VWDQGDUG�JHRPHWULF� W\SRORJLHV�� WKUHH�QRYHO�SDUDPHWHUV� �PDvWUHVVHV�YR�WHV��
YR�WH�VXU�OH�SODQ�G
XQH�DXWUH�YR�WH��FRQVWUXFWLYH�IHDWXUHV��DUH�SURSRVHG�WR�LQFOXGH�WKH�FRQVWUXFWLYH�IHDWXUHV�LQ�WKH�YDXOW�
WD[RQRP\��7KH�QRYHO�SDUDPHWHUV�KHOS�FDWDORJXH�WKUHH�YDXOWLQJ�W\SHV�WKDW�FDQ�EH�FRQVLGHUHG�WKH�PHWDPRUSKRVLV�RI�FORLVWHU�
YDXOWV��IUDPH��D�IDVFH��DQG�SODQWHULDQ�YDXOWV��7KH�GDWDEDVH�ZDV�UHDOL]HG�LQ�06�$FFHVV�DQG�WKHQ�LPSRUWHG�LQWR�4*,6�������
'DWDEDVH�DQG�*,6�KDYH�EHHQ�RSHUDWLYH�WRROV�WR�IRUP�K\SRWKHVHV�RQ�YDXOW�GLVVHPLQDWLRQV��KLJKOLJKWLQJ�WKH�UHFXUUHQFHV�DQG�
VSHFLILFLWLHV� DFURVV� WLPH� DQG� VSDFH� RI� VRPH� SHFXOLDU� FRQVWUXFWLRQ� WHFKQLTXHV�� 7KH� GDWDEDVH� FROOHFWV� WKH� DFTXLUHG�
LQIRUPDWLRQ�RQ�HDFK�YDXOW��EXLOGLQJ�W\SH��JHRORFDWLRQ��EXLOGLQJ�GDWH��YDXOWLQJ�W\SH��YDXOW�GLPHQVLRQV�DQG�GHVFULSWLRQ�DQG��
ZKHQHYHU�SRVVLEOH��SKRWRJUDPPHWULF�VXUYH\���'�PRGHOOLQJ��DQG�WKHUPRJUDSKLF�VXUYH\���,Q�WKH�IXWXUH��WKH�GDWDEDVH�VKRXOG�
EH�SXEOLVKHG�RQOLQH��PDNLQJ�WKH�GDWD�DYDLODEOH�DQG�EXLOGLQJ�D�EURDGHU�GDWDVHW�WR�VKDUH�WKH�LQIRUPDWLRQ��

.H\ZRUGV��YDXOWHG�V\VWHPV����WK���WK�FHQWXU\��1RUWKHUQ�,WDO\��*XDULQR�*XDULQL��GDWDEDVH��*,6�

�� ,QWURGXFWLRQ
)RU�D�ORQJ�WLPH��YDXOWHG�V\VWHPV�KDYH�UHSUHVHQWHG�D�ILHOG�
WR� H[SHULPHQW� ZLWK� VKDSHV� DQG� FRQVWUXFWLRQV� IRU�
DUFKLWHFWV�DQG�FUDIWVPHQ��$Q�LQWULJXLQJ�FKDOOHQJH�±�IRUPDO�
DQG� FRQVWUXFWLYH� ±� WKDW� LQYROYHG� FUHDWLYLW\�� PDWHULDOV��
VWUXFWXUH�±�WKLQN�DERXW�WKH�KXJH�YDXOWV�ZLWK�WKH�FRPSOH[�
ULE�V\VWHPV�WKDW�FRYHUHG�JRWKLF�FDWKHGUDOV�RU�WKH�UHILQHG�
VWHUHRWRP\�YDXOWV��VXFK�DV�WKH�ZHOO�NQRZQ�7RZQ�+DOO� LQ�
$UOHV�� GHVLJQHG� E\� )UDQFRLV� 0DQVDUW� ������������ LQ�
������

$OWKRXJK� WKH� LQFUHGLEOH� YDULDWLRQV� RI� YDXOWLQJ� W\SHV�� WKH�
WUDGLWLRQDO� FODVVLILFDWLRQ� LV� EDVHG� RQ� JHRPHWULF�W\SRORJ\�
VKDSHV�� ,I� LQGLYLGXDO�VWXGLHV�DUH�JRLQJ�EH\RQG�D�VLPSOH�
DQG� VXSHUILFLDO� DQDO\VLV� ±� L�H��� FRUUHODWLQJ� WKH� LQWUDGRV�
JHRPHWU\�WR�WKH�H[WUDGRV�RU�XQGHUVWDWLQJ�KRZ�WKH�EULFN�RU�
VWRQH� DUUDQJHPHQW� DIIHFWV� WKH� VWUXFWXUDO� EHKDYLRU� RI�
YDXOWV�±�LW�LV�VWLOO�PLVVLQJ�DQ�DSSURDFK�WR�WKH�FODVVLILFDWLRQ�
RI� YDXOWHG� V\VWHPV� GHSHQGLQJ� RQ� VKDSHV� DQG�
FRQVWUXFWLRQ� WHFKQLTXHV�� HYHQ� FRQVLGHULQJ� D� OLPLWHG�
WLPHIUDPH�DQG�JHRJUDSKLFDO�DUHD��

7KH�SDSHU�GHVFULEHV�WKH�QHHG�WR�JR�EH\RQG�WKH�VWDQGDUG�
YDXOW� W\SRORJ\� FODVVLILFDWLRQ� WR� XQGHUVWDQG� YDXOW� GHVLJQ�
DQG�FRQVWUXFWLYH�JHQHVLV��%\�GRLQJ�WKLV��LW�ZLOO�EH�SRVVLEOH�
WR� XQGHUVWDQG� KRZ� WKH� FRQVWUXFWLRQ� WHFKQLTXHV� DUH� WKH�
PRVW� GLYHUVH�� HYHQ� LI� FRQVLGHULQJ� RQH� W\SH� RI� YDXOW��
VKRZLQJ� ZKDW� FDQ� EH� FDOOHG� ³WKH� PHWDPRUSKRVLV´� RI�
YDXOWLQJ��

$ORQJ� ZLWK� WKH� VWDQGDUG� YDXOW� W\SRORJ\� FODVVLILFDWLRQ�
�FORLVWHU�YDXOW��FURVV�YDXOW��HWF����QRYHO�FULWHULD�DQG� WRROV�
DUH� QHHGHG�� 7KLV� SDSHU� SURSRVHV� D� PHWKRGRORJ\� WR�
FODVVLI\� WKH� YDXOWV��ZKLFK�KHOSV� WR�XQGHUVWDQG�HYHQ� WKH�
K\EULG� RQHV� DQG� WR� UHSUHVHQW� DQG� VWXG\� WKHLU�
GLVVHPLQDWLRQ��7KH�FDVH�VWXGLHV�DUH�WKUHH�FORLVWHU�YDXOW�
FRQVWUXFWLRQ� WHFKQLTXHV� YDULDWLRQV� �IUDPH�� D� IDVFH��
SODQWHULDQ�YDXOWV�� LQ�1RUWKHUQ�,WDO\�EHWZHHQ�WKH���WK�DQG�
��WK� FHQWXU\�� 7KH� QHZ� SDUDPHWHUV� �PDvWUHVVHV� YR�WHV��
YR�WH�VXU�OH�SODQ�G¶XQ�DXWUH�YR�WH��FRQVWUXFWLYH�IHDWXUHV��
LQFOXGH�YDXOWV�FRQVWUXFWLYH�IHDWXUHV�DQG�UHIHU�WR�KLVWRULFDO�
DUFKLWHFWXUDO� WUHDWLVHV� WR�XQGHUVWDQG�KRZ�DUFKLWHFWV�DQG�
FUDIWVPHQ� GHVLJQHG� DQG� FRQVWUXFWHG� YDXOWV�� 7KH�
PHWKRGRORJ\�FRXOG�EH�DSSOLHG�WR�RWKHU�W\SRORJLHV��,Q�WKDW�
FDVH�� WKH� SDUDPHWHU� ³FRQVWUXFWLYH� IHDWXUH´� VKRXOG� EH�
DGMXVWHG�WR�WKH�VSHFLILFLW\�RI�WKH�YDXOW�W\SRORJLHV��

2QFH� WKH� FULWHULD� ZHUH� IL[HG�� WKH� YDXOWV� ZHUH� FODVVLILHG�
ZLWK�D�*,6�EDVHG�FDWDORJXH�WKDW�FROOHFWV�WKH�LQIRUPDWLRQ�
�YDXOW� GHVFULSWLRQ� DQG� GLPHQVLRQ�� GUDZLQJV��
WKHUPRJUDSK\���'�PRGHO��RUWKRSKRWR��DQG�ELEOLRJUDSKLFDO�
UHIHUHQFHV�� DERXW� HDFK� YDXOW� H[DPSOH�� 7KH� *,6�EDVHG�
FDWDORJXH� LV�PHDQW� WR�EH�DQ�RSHUDWLRQDO� WRRO� IRU� WKH�RQ�
ILHOG� UHVHDUFK� RI� FDVH� VWXGLHV�� 2Q� WKH� RWKHU� KDQG�� E\�
LPSOHPHQWLQJ� WKH� *,6�EDVHG� FDWDORJXH� RQ� DQ� RQOLQH�
SODWIRUP�� LW� ZLOO� EH� SRVVLEOH� WR� VKDUH� WKH� GDWD�� SRVVLEO\�
DOORZLQJ� RWKHU� VFKRODUV� WR� SRSXODWH� WKH� GDWDEDVH��
LQFUHDVLQJ�WKH�UHVHDUFK��

7KH�DXWKRU�LV�FDUU\LQJ�RXW�WKH�LQ�GHSWK�VWXG\�RI�WKH�WKUHH�
YDXOWV�IDPLOLHV�LQ�1RUWKHUQ�,WDO\��FRQVWUXFWLRQ�WHFKQLTXHV��
KLVWRU\��DQG�GLVVHPLQDWLRQ�� LQ�KHU�3K�'��UHVHDUFK�DW� WKH�
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3ROLWHFQLFR�GL�0LODQR��'$6W8�'HSDUWPHQW��3UHVHUYDWLRQ�RI�
WKH� $UFKLWHFWXUDO� +HULWDJH�� VXSHUYLVRU�� SURI�� $OEHUWR�
*ULPROGL���+RZHYHU��WKH�YDXOW�*,6�EDVHG�GDWDEDVH�LV�SDUW�
RI� D� ZLGHU� SURMHFW� DERXW� YDXOWHG� V\VWHPV� FDWDORJXH��
LQFOXGLQJ�1RUWKHUQ�,WDO\�DQG�(XURSHDQ�FDVH�VWXGLHV��

7KH�SDSHU�VWUXFWXUH�LV�WKH�IROORZLQJ��SDUDJUDSK���H[SODLQV�
WKH� UHVHDUFK� REMHFWLYHV�� SDUDJUDSK� �� SUHVHQWV� D� EULHI�
OLWHUDWXUH� UHYLHZ� RQ� YDXOWHG� V\VWHPV� FDWDORJXHV��
SDUDJUDSK� �� GHVFULEHV� WKH� SUHYLRXV� ZRUNV� RQ� YDXOW�
GDWDEDVH��SDUDJUDSK���SURSRVHV� WKUHH�QHZ�SDUDPHWHUV�
IRU� YDXOW� FODVVLILFDWLRQ� WKDW� JRHV� DORQJ� WKH� WUDGLWLRQDO�
W\SRORJ\��SDUDJUDSK���H[SODLQV�WKH�ZRUN�FDUULHG�RXW�IRU�WKH�
YDXOW� FDWDORJXH� DQG� WKH� *,6� GDWDEDVH�� SDUDJUDSK� �� LV�
DERXW�WKH�SRWHQWLDO�RI�WKH�GDWDEDVH�IRU�IXWXUH�ZRUNV�DQG�
WKH�FRQFOXVLRQ��

��� 5HVHDUFK�REMHFWLYHV��PHWKRG��DQG�WRROV�
7KH�UHVHDUFK�SURSRVHV�D�QRYHO�DSSURDFK�IRU�VWXG\LQJ�WKH�
YDXOWHG�V\VWHP�WR�EH�FRPELQHG�ZLWK�WKH�VWDQGDUG�W\SRORJ\�
FODVVLILFDWLRQ��7KH�DSSURDFK�ZDQWV�WR�KHOS�WKH�DQDO\VLV�RI�
GHVLJQ�� FRQVWUXFWLYH� DQG� VWUXFWXUDO� IHDWXUHV� RI� YDXOWHG�
V\VWHPV��

7KH�UHVHDUFK�LV�EDVHG�RQ�DQDO\]LQJ��WKH�PHWDPRUSKRVLV��
RI� FORLVWHU� EULFN�PDVRQU\� YDXOWV�� EXW� WKH� VDPH�
PHWKRGRORJ\�FRXOG�EH�DSSOLHG�WR�RWKHU�YDXOW�W\SRORJLHV��,W�
FRQFHUQV� WKH�FODVVLILFDWLRQ�FULWHULD�RI� WKUHH�FORLVWHU�YDXOW�
YDULDWLRQV��IUDPH��D�IDVFH��DQG�SODQWHULDQ�YDXOWV���PDLQO\�
GLVVHPLQDWHG� LQ� 1RUWKHUQ� ,WDO\� �ILUVWO\� 3LHGPRQW� DQG�
/RPEDUG\�� VHFRQGO\� 9HQHWR� DQG� (PLOLD�5RPDJQD��
EHWZHHQ�WKH���WK�DQG���WK�FHQWXULHV��

7KH� JRDO� LV� WR� UHDOL]H� D� VRUW� RI� UDLVRQQp� FDWDORJXH� RI�
YDXOWHG� V\VWHPV� IRXQGHG� RQ� WKH� VKDSH�W\SRORJ\�
FODVVLILFDWLRQ� DQG� YDXOWV� FRQVWUXFWLYH� IHDWXUHV�� 2WKHU�
SDUDPHWHUV��UDWKHU�WKDQ�JHRPHWULF�VKDSHV��ZHUH�LQFOXGHG�
WR�VHW�XS�D�PRUH�IOH[LEOH�DQG��RSHQ��YDXOW�WD[RQRP\��7KH�
UHVHDUFK� SURSRVHV� WKUHH� QRYHO� SDUDPHWHUV�� ERUURZHG�
IURP�WKH�VWRQH�VWHUHRWRP\�YDXOW�FRQVWUXFWLRQ�DQG�WKH���WK�
FHQWXU\�DUFKLWHFWXUDO�WUHDWLVHV��HVSHFLDOO\�WKH�$UFKLWHWWXUD�
&LYLOH� ������� E\� *XDULQR� *XDULQL�� PDvWUHVVHV� YR�WHV��
YR�WH�VXU�OH�SODQ�G
XQH�DXWUH�YR�WH�DQG�FRQVWUXFWLYH�ILJXUH�
�GHVFULEHG� LQ� SDUDJUDSK� ���� 7KH\� KHOS� GHVFULEH� K\EULG�
YDXOWHG�VROXWLRQV��YDXOWV� WKDW�GR�QRW�PDWFK�WKH�VWDQGDUG�
YDXOW�W\SRORJ\�RU�YDXOWV�WKDW�VHHP�WR�EHORQJ�WR�D�VWDQGDUG�
YDXOW�W\SRORJ\��EXW�ZKLFK�VWUXFWXUH�EHORQJV�WR�DQRWKHU�NLQG�
RI�W\SRORJ\��)RU�H[DPSOH��WKH�YDXOW�FRYHULQJ�WKH�VWDLUFDVH�
RI�3DOD]]R�0DJLR�*UDVVHOOL�LQ�&UHPRQD��UHQRYDWHG�DURXQG�
WKH���WK�FHQWXU\��LV�D�FRPELQDWLRQ�RI�D�FORLVWHU�YDXOW�DQG�D�
FXSROD��%UXPDQD�HW�DO����������

7KH� UHVHDUFK� KDV� RVFLOODWHG� EHWZHHQ� LQGXFWLYH� DQG�
GHGXFWLYH�PHWKRGV��,Q�WKH�ILUVW�LQVWDQFH��WKH�LGHQWLILFDWLRQ�
RI�YDXOW�H[DPSOHV�PDGH�LW�SRVVLEOH�WR�KLJKOLJKW�UHFXUULQJ�
IHDWXUHV�� ZKLFK� OHG� WR� DQ� LQYHVWLJDWLRQ� WKDW� ZDV� DV�
H[WHQVLYH� DV� SRVVLEOH�� FROOHFWLQJ� WKH� ODUJHVW� QXPEHU� RI�
H[DPSOHV�IRU�HDFK�FORLVWHU�YDXOW�YDULDWLRQ��H[DPLQLQJ�WKH�
GDWD�XVLQJ�VSUHDGVKHHWV�DQG�*,6��,W�DOORZHG�WR�SLFWXUH�DQ�
RYHUYLHZ�RI�WKH�YDULDQWV��WKH�FRQVWUXFWLRQ�ILJXUHV��DQG�WKH�
GLIIXVLRQ� RI� FRQVWUXFWLRQ� WHFKQLTXHV�� IRUPLQJ� ILUVW�
FRQVLGHUDWLRQV�� 7KH� DSSURDFK� WKHQ� PRYHG� WRZDUGV� D�
GHGXFWLYH�PHWKRG�� WHVWLQJ� WKH�K\SRWKHVHV�E\� VHDUFKLQJ�
IRU� DGGLWLRQDO� YDXOW� H[DPSOHV� �IURP� JHQHUDO� RU� VSHFLILF�
DUFKLWHFWXUDO�OLWHUDWXUH��WKDW�FRXOG�VXSSRUW�RU�UHMHFW�WKH�ILUVW�
FRQMHFWXUHV��

7KH�SKDVH�LQFOXGHV�FROOHFWLQJ�GLUHFW�DQG�LQGLUHFW�VRXUFHV�
RQ�HDFK�YDXOW� WKDW�ZRXOG�EHFRPH�SDUW�RI� WKH�FDWDORJXH��
)LUVW�� LW� ZDV� QHFHVVDU\� WR� UHYLHZ� WKH� H[LVWLQJ� OLWHUDWXUH��
7KRVH�W\SHV�RI�YDXOWLQJ�KDYH�QRW�\HW�EHHQ�WKH�VXEMHFW�RI�
V\VWHPDWLF�VWXGLHV��)UDPH�DQG�D�IDVFH�YDXOWV�DUH�XVXDOO\�
FDOOHG� ³FRPSDUWLPHQWL´� RU� ³PRGLJOLRQL´� YDXOWV� �3LFFROL��
�������ZKLOH�SODQWHULDQ�YDXOWV�DUH�XVXDOO\�DVVRFLDWHG�ZLWK�
WKH� FHLOLQJ� VWUXFWXUHV� EXLOW� E\� DUFKLWHFW� *LDQ� *LDFRPR�
3ODQWHU\� ������������ LQ� 3LHGPRQW� �&DYDOODUL� 0XUDW��
������� LQFOXGLQJ� VRPH� IUDPH� YDXOWV� �6SDOORQH� 	� 9LWDOL��
������� 6HFRQGO\�� JHQHUDO� FDWDORJXHV� RQ� YLOODV� DQG�
EXLOGLQJV� LQ� 1RUWKHUQ� ,WDO\� KDYH� EHHQ� FKHFNHG� DQG��
ZKHQHYHU� LW� ZDV� SRVVLEOH�� D� PRQRJUDSK� RQ� VSHFLILF�
SDODFHV��)URP�WLPH�WR�WLPH��DUWLFOHV�RQ�YDXOW�FRQVWUXFWLRQ�
WHFKQLTXHV�KDYH�EHHQ� IRXQG��7KH� OLWHUDWXUH� UHYLHZ�ZDV�
DFFRPSDQLHG�E\�DQ�RQ�VLWH�SKRWRJUDSKLF�VXUYH\�LQ�VRPH�
VHOHFWHG� FLWLHV� DQG� VXUURXQGLQJV� �7XULQ�� &DVDOH�
0RQIHUUDWR�� $OHVVDQGULD�� %UHVFLD�� &UHPRQD�� 0LODQ��
%RORJQD���JHWWLQJ�DQ�RYHUYLHZ�RI�WKH�UHDO�GLVVHPLQDWLRQ�LQ�
HDFK�WHUULWRU\��7KHQ��VWDUWLQJ�IURP�WKH�FDWDORJXH�ILUVW�GUDIW��
VRPH�H[DPSOHV�IRU�HDFK�YDXOW�YDULDWLRQ�ZHUH�VHOHFWHG�DQG�
GRFXPHQWHG� WKURXJK� RQ�VLWH� REVHUYDWLRQ��
SKRWRJUDPPHWU\�� GLUHFW� DQG� ODVHU� VFDQQHU� VXUYH\�� �'�
PRGHOLQJ�� DQG� WKHUPRJUDSK\�� ,Q� PDQ\� FDVHV�� RQO\� WKH�
LQWUDGRV� ZDV� DQDO\]HG� EHFDXVH� WKH� H[WUDGRV� ZDV� QRW�
DFFHVVLEOH�� 7KH� LQWUDGRV� DQG� H[WUDGRV� DQDO\VLV� DOORZV�
REVHUYDWLRQV� RQ� WKH� YDXOW� W\SRORJ\� DQG� KLJKOLJKWV� KRZ�
VRPH� VWUXFWXUHV� DUH� QRW� HDV\� WR� �FODVVLI\��� ,W� FRXOG� EH�
SRVVLEOH�WR�GLVWLQJXLVK�EHWZHHQ�D�³IRUPDO´�W\SRORJ\�RI�WKH�
YDXOW��YLVLEOH�DW� WKH� LQWUDGRV��DQG�D�³VWUXFWXUDO´� W\SRORJ\��
YLVLEOH� DW� WKH� H[WUDGRV�� 7KH� WKHUPRJUDSKLF� VXUYH\� ZDV�
XVHIXO� IRU� VWXG\LQJ� WKH� EULFN� DUUDQJHPHQW� ZKHQ� WKH�
H[WUDGRV�ZDV�QRW�DFFHVVLEOH�DQG�XQGHUVWDQGLQJ�KRZ�WKH�
EULFNV�LQWHUORFN�WKH�LQWUDGRV�DQG�H[WUDGRV��

6LQFH�WKH�UHVHDUFK�LV�FDUULHG�RXW�LQ�,WDOLDQ��WKH�WHUPLQRORJ\�
LV� EDVHG� RQ� WKH� ,WDOLDQ� ODQJXDJH�� )RU� WKLV� SDSHU�� VRPH�
WHUPV� KDYH� EHHQ� WUDQVODWHG�� DFFRUGLQJ� WR� SUHYLRXV�
VWXGLHV�� +RZHYHU�� YRFDEXODU\� DQG� WHFKQLFDO� WHUPV� DUH�
IXQGDPHQWDO�LVVXHV�ZKHQ�GHDOLQJ�ZLWK�RQOLQH�GDWDEDVHV��
(VSHFLDOO\� LI� RQH� ZDQWV� WR� H[WHQG� WKH� UHVHDUFK� WR� D�
EURDGHU�DXGLHQFH��LW�FRXOG�EH�UHFRPPHQGHG�WR�SXEOLVK�LW�
LQ� (QJOLVK�� 7KHQ�� LW� ZLOO� EH� QHFHVVDU\� WR� FRQVLGHU� HDFK�
,WDOLDQ� WHFKQLFDO� WHUP�� ILQGLQJ� WKH�FRUUHVSRQGHQW�(QJOLVK�
RQHV��LI�SRVVLEOH��

��� /LWHUDWXUH�UHYLHZ�RQ�YDXOWHG�V\VWHP�
VWXGLHV�DQG�FDWDORJXHV�LQ�(XURSH�

7KH�SDUDJUDSK�UHSRUWV�D�VKRUW�OLWHUDWXUH�UHYLHZ�RQ�YDXOWHG�
V\VWHPV�FDWDORJXHV� WR�XQGHUVWDQG�FULWHULD�DQG�PHWKRGV�
RI� FODVVLILFDWLRQ�� 6WDUWLQJ� IURP� )UHQFK� DQG� 6SDLQ�
VWHUHRWRP\�VWXGLHV��WKH�SDUDJUDSK�GHVFULEHV�WKH�ZRUNV�RQ�
YDXOWV� FDUULHG� RXW� LQ� UHFHQW� \HDUV� LQ� ,WDO\� DQG� 8QLWHG�
.LQJGRP�� VSHFLILFDOO\� IRFXVLQJ� RQ� WKH� RQHV� WKDW� KDYH�
GHYHORSHG�D�GDWDEDVH��

)UHQFK�DQG�6SDLQ�VWXGLHV�PDLQO\�IRFXVHG�RQ�VWHUHRWRP\�
DQG� WKH� DUW� RI� EXLOGLQJ� VWRQH� YDXOWV�� 6WHUHRWRP\� KDV�
SURYLGHG� HIIHFWLYH� FODVVLILFDWLRQ� FULWHULD� WKDQNV� WR�
FRQVWUXFWLYH� ILJXUHV�� VXFK� DV� WKH� PDvWUHVVHV� YR�WHV��
WURPSHV��DUULqUH�YRXVVXUH��HWF���UHSUHVHQWLQJ�D�WHFKQLTXH�
WR�EXLOG�YDXOWV�RU�SDUW�RI�WKHP��7KDQNV�WR�WKH�5HQDLVVDQFH�
VWHUHRWRP\�WUHDWLVHV��VXFK�DV�3KLOLEHUW�'H�/¶2UPH��������
DQG� )UDQFRLV� 'HUDQG� �������� LW� LV� SRVVLEOH� WR� OLQN�
VWHUHRWRP\� FRQVWUXFWLYH� ILJXUHV� WR� H[DPSOHV�
GLVVHPLQDWHG� LQ� WKH� EXLOGLQJV� DFURVV� WKH� WHUULWRU\��
6WHUHRWRP\� FRQVWUXFWLYH� ILJXUHV� KHOS� FRUUHODWH� WKH�
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WHFKQLFDO� OLWHUDWXUH� WR� YDXOWV� WDQJLEOH� H[DPSOHV��
VSHFLILFDOO\�WR�FRUUHODWH�WKH�WUDLW��GUDZLQJV�RI�WKH�YDXOW�DQG�
HDFK�VWRQH��WR�LWV�UHDO�FRQVWUXFWLRQ�DSSOLFDWLRQ��

)URP� WKH� GHHS�URRWHG� )UHQFK� VWHUHRWRP\� WUDGLWLRQ��
3pURXVH�GH�0RQWFORV��������GHULYHV�D�UREXVW�YRFDEXODU\�
WKDW�DOORZV�KLP�WR�GUDZ�D�FRKHUHQW�DQG�VLJQLILFDQW�SLFWXUH�
RI� WKH�0RGHUQ�$JH�YDXOWHG�V\VWHPV� LQ�)UDQFH�FRPPRQ�
QDWLRQDO� URRWV� DQG� UHJLRQDO� SDUWLFXODULWLHV�� 0RGHUQ�$JH�
)UHQFK�YDXOWV�PDLQ�IHDWXUHV�DUH�WKH�YDULDWLRQV�RI�VKDSHV�
DQG� SDWWHUQV�� ZKLFK� GHILQH� DQ� LQFUHGLEOH� GLYHUVLW\� RI�
VWUXFWXUHV��%\�GRLQJ�WKLV��YDXOWV�GR�QRW�PDWFK�WKH�ULJLG�JULG�
RI�W\SRORJ\��9DXOW�VKDSH�DQG�VWRQH�SDWWHUQ��WRJHWKHU�ZLWK�
WKH�LQWUDGRV�GHVLJQ��WKH�DUUDQJHPHQW�RI�WKH�OXQHWWHV��WKH�
FRQQHFWLRQ� EHWZHHQ� GLIIHUHQW� YDXOWHG� VXUIDFHV� EHFRPH�
WKH� FRQVWUXFWLYH� FULWHULD� IRU� DQDO\]LQJ� WKH� YDXOWV�� 7KH�
VWHUHRWRPLF� YRFDEXODU\� LV� VXSSRUWHG� E\� WKH�
FRUUHVSRQGLQJ� FRQVWUXFWLYH� GUDZLQJ� �WUDLW�� GHULYHG� IURP�
DUFKLWHFWXUDO� WUHDWLVHV� DQG� H[DPSOHV� GLVVHPLQDWHG�
WKURXJKRXW�WKH�WHUULWRU\��$Q�DWWHPSW�LV�PDGH�WR�XQGHUVWDQG�
WKH�FXOWXUDO�DQG�FRQVWUXFWLYH�PHDQLQJ�RI�YDXOWV��DQG�WKH�
FDWDORJXH�LV�QRW�MXVW�D�UHSHUWRLUH�RI�H[DPSOHV��

,Q�6SDLQ��3DODFLRV��������FUHDWHV�D�FDWDORJXH�RI�YDXOWHG�
V\VWHPV�WKDW�LQFOXGHV�WKH�PRGHOV�UHSRUWHG�E\�$ORQVR�GH�
9DQGHOYLUD��DXWKRU�RI�WKH�ZHOO�NQRZQ�/LEUR�GH�ODV�WUDoDV�
GH�FRUWHV�GH�3LHGUD��FRPSLOHG�EHWZHHQ������DQG�������
3DODFLRV�JLYHV�DQ�RYHUDOO�GHVFULSWLRQ�IRU�HDFK�PDvWUHVVH�
YR�WH�DQG�WKH�PHWKRG�RI�PDNLQJ�WKH�WUDLW�IRU�HDFK�YDULDQW��
UHIHUULQJ�WR�9DQGHOYLUD��7KHQ�KH�UHSRUWV�VRPH�H[DPSOHV�
RI�HDFK�W\SH�RI�YDXOWLQJ��+RZHYHU��WKHUH�LV�QR�LQWHUHVW�LQ�
WUDFLQJ�D�FRQVWUXFWLYH�KLVWRU\�RI�WKHVH�PDvWUHVVHV�YR�WHV��
QRU�HYHQ�WKHLU�GLVVHPLQDWLRQ��XQOLNH�WKH�)UHQFK�FDVH��,Q�
WKHLU� UHVHDUFK� RQ� ODWH� JRWKLF� ULE� YDXOWV�� 6HQHQW�
'RPtQJXH]��/ySH]�0R]R��0DUWtQ�7DODYHUDQR��3pUH]�GH�
ORV�5tRV��	�5DEDVD�'tD]��������KDYH�DOUHDG\�SRLQWHG�RXW�
WKH� QHHG� WR� JR� EH\RQG� IRUPDO� DQG� VW\OLVWLF� FULWHULD��
IRFXVLQJ�RQ�YDXOWV�FRQVWUXFWLYH�IHDWXUHV��7KH\�SURSRVHG�
D�GDWDEDVH�ILQDOL]HG�WR�FROOHFW�YDXOWV�GHSHQGLQJ�RQ�NH\�
DVSHFWV�� QRW� WR� GHYHORS� DQ� H[WHQVLYH� UHSHUWRLUH� RI�
H[DPSOHV�� 7KH� NH\�DVSHFWV� UHJDUG� VSHFLILF� UHVHDUFK�
WRSLFV�WR�FUHDWH�FDWHJRULHV�WKDW�KHOS�WKH�VHDUFK��6LQFH�WKH�
GDWDEDVH�ZRXOG�EH�RSHQ�WR�DQ�LQWHUQDWLRQDO�DXGLHQFH��WKH�
WHUPLQRORJ\� LVVXH� LV�D�FHQWUDO�DVSHFW��7KH�DXWKRUV�SRLQW�
RXW� WKDW� FRQVLGHULQJ� FRXQWULHV� ZLWK� D� UREXVW� WHFKQLFDO�
YRFDEXODU\�� LW� LV� VRPHWLPHV� GLIILFXOW� WR� WUDQVODWH� LQWR�
(QJOLVK�VSHFLILF�WHUPV��

,Q�,WDO\��WKH�ZHOO�NQRZQ�0DQXDOL�GHO�5HFXSHUR�RI�KLVWRULFDO�
WRZQ�FHQWHUV�LV�PRUH�DQ�RSHUDWLRQDO�WRRO�IRU�FRQVHUYDWLRQ�
DFWLYLWLHV� WKDQ� DQ� LQ�GHSWK� NQRZOHGJH� RI� WKH� KLVWRULFDO�
EXLOGLQJ�� 0DQXDOL� LQFOXGHV� WKH� PDLQ� LQIRUPDWLRQ� RQ�
FRQVWUXFWLRQ� WHFKQLTXHV�� PDWHULDOV�� DQG� JHRPHWULF�
GLPHQVLRQDO�GDWD�RI�HDFK�KLVWRULFDO�DUFKLWHFWXUDO�HOHPHQW��
EXW� LW� LV� QRW� HDV\� WR� GHULYH� UHSURGXFLEOH� FULWHULD� DQG�
PHWKRGV�� 7KDQNV� WR� WKH� UHVHDUFK� IXQGLQJ�� �L'RPH�
,QYLVLEOH�_�$FFHVVLEOH��0DVRQU\�'RPHV�RI�WKH���WK�DQG���WK�
&HQWXULHV� LQ� &DPSDQLD�� ,QQRYDWLYH� 6WUDWHJLHV� IRU� WKH�
,QWHUSUHWDWLRQ�DQG�WKH�0XOWL�WKHPDWLF�,QFOXVLYH�)UXLWLRQ�RI�
9XOQHUDEOH� $UFKLWHFWXUHV´� �L'RPH�� VFLHQWLILF� FRRUGLQDWRU�
9DOHQWLQD�5XVVR���WKH�)HGHULFR�,,�8QLYHUVLW\�LQ�1DSOHV�KDV�
GHYHORSHG�DQ�RQOLQH�ZHEVLWH�DERXW�GRPHV�GLVVHPLQDWHG�
LQ�&DPSDQLD�ZLWK�WKH�GHPRQVWUDWLRQ�FDVH�RI�WKH�GRPH�RI�
WKH�FKXUFK�RI�6DQWD�&DWHULQD�LQ�)RUPLHOOR��5XVVR���������

,Q� WKH� 8QLWHG� .LQJGRP�� VWXGLHV� DUH� IRFXVHG� RQ� *RWKLF�
$UFKLWHFWXUH��PDLQO\�RQ�WKH�YDXOWHG�V\VWHPV�RI�FDWKHGUDOV��
+RZDUG��������DQG�/HHG\��������IRFXVHG�WKHLU�UHVHDUFK�
RQ� WKH� IDQ� YDXOW�� RULJLQ� DQG� FXOWXUDO� VLJQLILFDQFH��

FRQVWUXFWLRQ� WHFKQLTXH�� JHRPHWULF� GHVLJQ�� DQG�
JHRJUDSKLFDO�GLVVHPLQDWLRQ��LQ�RUGHU�WR�KLJKOLJKW�UHJLRQDO�
SDUWLFXODULWLHV��WRJHWKHU�ZLWK�DQ�DSSDUDWXV�LOOXVWUDWLYH�DQG�
D� FDWDORJXH� RI� YDXOWV� VWDUWLQJ� IURP� ������ $� PRUH�
FRPSUHKHQVLYH� DSSURDFK� LV� SURYLGHG� E\� /DQFDVWHU�
�������� 6KH� H[DPLQHV� VL[� YDXOWLQJ� W\SHV� �RSXV�
FDHPHQWLFLXP�� EULFN� EDUUHO� YDXOWV�� FRPSOH[� EULFN� YDXOW�
IRUPV�� YDXOWLQJ� WXEHV�� KROORZ� YRXVVRLUV�� DUPFKDLU�
YRXVVRLU��WKURXJKRXW�WKH�5RPDQ�(PSLUH��HVSHFLDOO\�LQ�LWV�
SURYLQFHV��%\�GRLQJ�WKLV��VKH�WULHV�WR�XQUDYHO�VRPH�RI�WKH�
WKUHDGV�WKDW�DIIHFWHG�WKHLU�FUHDWLRQ�DQG�GLVVHPLQDWLRQ��WKH�
H[FKDQJH�RI�LGHDV��DQG�FRQVWUXFWLYH�WHFKQLTXHV��EHWZHHQ�
WKH� FDSLWDO� DQG�RWKHU� FLWLHV�� WKH� GLIIHUHQW� FUDIWVPDQVKLS��
WKH� DYDLODELOLW\� RI� FRQVWUXFWLRQ�PDWHULDOV�� WKH� FRQWH[WXDO�
FRQGLWLRQV�� 7KH� YDXOW� GDWDEDVH� ZDV� LPSRUWHG� LQWR� *,6��
ZKLFK� KHOSV� IRUP� K\SRWKHVHV� WKDW� FRXOG� H[SODLQ� WKH�
GLVVHPLQDWLRQ�RI�WKH�VL[�YDXOWLQJ�W\SHV��

��� 3UHYLRXV�ZRUN�RQ�YDXOW�FDWDORJXHV�DQG�
GDWDEDVHV�

7KLV� SDSHU� LV� SDUW� RI� D� ZLGHU� SURMHFW� WKDW� KDV� EHHQ�
GHYHORSHG�RQ�YDXOWHG�V\VWHPV�FDWDORJXHV�DQG�GDWDEDVHV�
VLQFH� ����� �%UXPDQD�� &RQGROHR�� *ULPROGL�� 	� /DQGL�
%UXPDQD���������

,Q�WKH�SUHYLRXV�UHVHDUFK��WKH�VWDUWLQJ�SRLQW�ZDV�WKH�+%,0�
�+LVWRULF� %XLOGLQJ� ,QIRUPDWLRQ�0RGHO��� +%,0V� RI� YDXOWHG�
V\VWHPV�LV�D�SXQFWXDO�DQDO\VLV�±�D�QRGH�RI�LQIRUPDWLRQ�LQ�
WKH� NQRZOHGJH� FKDLQ� ±� RI� DQ� DUFKLWHFWXUDO� HOHPHQW� RI� D�
EXLOGLQJ��+RZHYHU�� WKHUH� LV� QR� FLUFXODWLRQ� RI� VXFK� GDWD��
ZKLFK� FRXOG� LPSOHPHQW� WKH� VKDULQJ� RI� LQIRUPDWLRQ�� 7KH�
LQFUHDVLQJ� DYDLODELOLW\� RI� +%,0V� FRXOG� DOORZ� DFFHVV� WR�
WKHVH� QRGHV� LQ� FURVV�VHFWRULDO� VWXGLHV� �%UXPDQD��
,RDQQLGHV��	�3UHYLWDOL���������

'DWDEDVHV�DQG�FORXG�EDVHG�SODWIRUPV�PLJKW�UHSUHVHQW�D�
ZD\�WR�GLVVHPLQDWH�WKH�DFTXLUHG�GDWD�VWRUHG�LQWR�+%,0V��
WDNLQJ�LQWR�DFFRXQW�WKH�SULYDF\�DQG�DXWKRUVKLS�LVVXHV��7KH�
UHVXOW� LV� D� YLUWXDO� VSDFH�ZKHUH� LW� LV� SRVVLEOH� WR� FRQQHFW�
LQIRUPDWLRQ��,Q�WKLV�UHJDUG��9LUWXDO�+XEV�FRXOG�EH�XVHG�DV�
LQIRUPDWLRQ�V\VWHPV� WKDW�VXSSRUW� WKH� OLIH�F\FOH�RI�YDXOWV�
RSHQ�GDWD��SXEOLVKLQJ��GLVFRYHU\��DQG�DFFHVV��0D]]HWWL�HW�
DO����������

7R�EXLOG� WKH� SURMHFW�� LW� EHFDPH�QHFHVVDU\� WR� VHW� XS�� ���
FULWHULD� IRU� YDXOW� FODVVLILFDWLRQV�� ��� GDWDEDVH� PRGHO�� ���
FRQQHFWLRQ� ZLWK� D� *HRJUDSKLF� VHUYHU�� ��� RQOLQH�
SXEOLVKLQJ�� $� GDWDEDVH� KDV� EHHQ� GHYHORSHG� WKDW� WDNHV�
LQWR� DFFRXQW� WKH� VWDQGDUG� YDXOW� W\SRORJ\� EXW� DOVR�
FRQVLGHUV� WKH� K\EULG� VROXWLRQV� DQG� WKH� FRQVWUXFWLRQ�
WHFKQLTXHV��3DUWLFXODU�DWWHQWLRQ�LV�JLYHQ�WR�WKH�JHRPHWULF�
VXUYH\�GHWDLO� DQG�VFDOH�WROHUDQFH� WR�DZDUH� WKH�XVHUV�RI�
WKH�NLQG�RI�RXWSXW�WKH\�FRXOG�XVH��7KH�GDWDEDVH�VWUXFWXUH�
LV� DV� IROORZV�� ��� PDLQ� LQIRUPDWLRQ�� ����� %XLOGLQJ�
LQIRUPDWLRQ� �QDPH�� DGGUHVV�� FRXQWU\�� UHJLRQV�� SURYLQFH��
FLW\�� JHRJUDSKLFDO� FRRUGLQDWHV�� EXLOGLQJ� W\SRORJ\��� �����
0DFUR� W\SRORJ\�� KRUL]RQWDO� �YDXOW�� VODE�� URRI�� HWF��� DQG�
YHUWLFDO�HOHPHQWV��ZDOOV��ZLQGRZV��HWF�������9DXOW�VXUYH\��
����� 7\SRORJ\�� ³9DXOW´� LQFOXGLQJ� WKH� VWDQGDUG� YDXOW�
W\SRORJLHV��DQG�WKH�K\EULG�RQHV��L�H���FORLVWHU�YDXOW�WXUQHG�
WR� FXSROD�� ����� 6XEFRPSRQHQWV�� UHLQIRUFHG� VWUXFWXUDO�
DUFKHV�� IUHQHOOL�� WLH� URGV� �LQWUDGRV� RU� H[WUDGRV��� WURPSH��
HWF��������%ULFN�RU�VWRQH�DUUDQJHPHQW��DORQJ�WKH�GLUHFWUL[��
DORQJ� WKH� JHQHUDWUL[�� GLDJRQDO�� KHUULQJERQH�� HWF��� DQG�
GHVFULSWLRQ�� �����0DWHULDOV�� EULFN�EORFN�� WLOH� EULFN�� VWRQH��
FOD\�SLSHV��HWF��������7H[WXUH��VROGLHU� ODLG�� LQ� IRJOLR��HWF���
����� 6XE� WH[WXUH� �VLQJOH� RU� GRXEOH� WH[WXULQJ�� DQG�
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GHVFULSWLRQ�� ���6RXUFHV�� ����� ,QGLUHFW��%LEOLRJUDSK\�� �����
'LUHFW�� /DVHU� VFDQQHU�� �'� SKRWRJUDPPHWU\�� ,57�� HWF��
2XWSXW� ��'� GUDZLQJV�� �'� PRGHO�� RUWKRSKRWR� �'�� %,0�
/LEUDU\���'�3')��HWF����VFDOH�WROHUDQFH��DQG�IRUPDW��

6R� IDU�� LW� KDV�EHHQ�SRSXODWHG�ZLWK�H[DPSOHV� IURP� ,WDO\��
7KH�JRDO�LV�WR�PDNH�WKH�GDWDEDVH�FURZGVRXUFHG��IROORZLQJ�
D� ERWWRP�XS� PHWKRGRORJ\�� 7KH� +%,0� RI� WKH� YDXOW�
H[DPSOHV� LV� UHDOL]HG� ZLWK� GLIIHUHQW� OHYHOV� RI� GHWDLO��
6RPHWLPHV�RQO\� WKH� LQWUDGRV�JHRPHWU\� LV�PRGHOHG��DQG�
VRPHWLPHV�HYHQ�WKH�EULFN�SDWWHUQ��,W�PDNHV�XQGHUVWDQGLQJ�
WKH� LQWHUORFNLQJ�EHWZHHQ� WKH� LQWUDGRV�DQG� WKH�H[WUDGRV��
7KH� EULFN� SDWWHUQ� ZDV� PRGHOHG� LQ� WKH� FDVH� RI� 6DOD�
0DQIUHGLQL�YDXOW�RI�3DOD]]R�0DJLR�*UDVVHOOL� LQ�&UHPRQD�
�%UXPDQD�HW�DO����������

$�IXUWKHU�VWHS�ZDV�GHYHORSHG�WKURXJK�DQ�RQWRORJ\�EDVHG�
YDXOW� GDWDEDVH�� ZKLFK� XVHV� D� VHW� RI� RQWRORJLHV� WR�
HIIHFWLYHO\� FRPELQH� GDWD� DQG� LQIRUPDWLRQ� IURP� PXOWLSOH�
KHWHURJHQHRXV� VRXUFHV� �3UHYLWDOL�� %UXPDQD�� 6WDQJD�� 	�
%DQIL���������

��� 1HZ�SDUDPHWHUV�IRU�D�PRUH�LQFOXVLYH�
WD[RQRP\�RI�YDXOWHG�V\VWHP�

7KH� W\SRORJ\� LV� EDVHG� RQ� WKH� LGHD� WKDW� WKH� YDXOWHG�
VWUXFWXUHV�GHULYH�IURP�DEVWUDFW�JHRPHWULF�RSHUDWLRQV��IRU�
H[DPSOH�� WKH� FURVV� YDXOW� LV� WKH� LQWHUSHQHWUDWLRQ� RI� WZR�
EDUUHO�YDXOWV��:KLOH�WKLV�LV�WUXH�LQ�PDQ\�FDVHV��LW�EHFRPHV�
PLVOHDGLQJ�EHFDXVH�WKH�LQWUDGRV�VKDSH�LV�DIIHFWHG�E\�WKH�
FRQVWUXFWLRQ�WHFKQLTXH��6RPH�YDXOWHG�V\VWHPV�DUH�PDGH�
ZLWKRXW� FHQWHULQJV�� DQG� WKLV� FKDQJHV� WKHLU� JHRPHWU\�
EHFDXVH� LW� FUHDWHV� GRXEOH�FXUYHG� VWUXFWXUHV�� (YHQ� WKH�
FRQVWUXFWLRQ� WHFKQLTXH� DQG� WKH� ZD\� WKH� EULFNV� DUH� ODLG�
PRGLI\� WKH� JHRPHWU\�� WR� REWDLQ� D� PRUH� FRQWLQXRXV�
VWUXFWXUH� LQ� WKH� FRUQHU�� DQ� DUUDQJHPHQW� RI� FRQFHQWULF�
FLUFXODU�EULFNV�LV�DGRSWHG�LQVWHDG�RI�D�KHUULQJERQH�SDWWHUQ��
)RU� WKHVH� UHDVRQV�� WKH� LQWUDGRV�JHRPHWU\� FDQ�RIWHQ� EH�
PLVOHDGLQJ�WR�FRQGXFW�D�VWUXFWXUDO�DQDO\VLV�EHFDXVH�LW�QRW�
QHFHVVDULO\� PLUURUV� WKH� JHRPHWU\� GHULYHG� IURP� WKH�
FRQVWUXFWLRQ� WHFKQLTXH�� 0RUHRYHU�� WKH� JHRPHWU\� RI� WKH�
LQWUDGRV�FDQ�EH�DOWHUHG�E\�GHFRUDWLYH�SDUWLWLRQV�RU�SODVWHU�
ILQLVKLQJ�� )XUWKHUPRUH�� VWUXFWXUDO� SUREOHPV�� VXFK� DV�
VHWWOHPHQWV� �WKDW� FDQ� KDSSHQ� GXULQJ� WKH� FHQWHULQJV�
UHPRYDO�RU�WKH�EXLOGLQJ�OLIH�F\FOH���FDQ�DOWHU�WKH�LQWUDGRV�
VKDSH��

7KUHH� QRYHO� SDUDPHWHUV� DUH� SURSRVHG� WR� LQFOXGH� WKH�
FRQVWUXFWLRQ�WHFKQLTXH�LQ�YDXOW�FODVVLILFDWLRQ��7KH�ILUVW�DQG�
WKH�VHFRQG�ZHUH�ERUURZHG�IURP�VWHUHRWRP\��PDvWUHVVHV�
YR�WHV�DQG�YR�WH�VXU�OH�SODQ�G
XQH�DXWUH�YR�WH��ZKLFK�FDQ�
EH� IRXQG� LQ� WKH� ZHOO�NQRZQ� WUHDWLVHV� RI� 3KLOLEHUW� GH�
/¶2UPH�RU�)UDQFRLV�'HUDQG��7KH�FRQFHSW�RI�PDvWUHVVHV�
YR�WHV�LV�VLPLODU�WR�WKH�W\SRORJ\�JHRPHWULF�VKDSHV��EDUUHO�
YDXOWV��FURVV�YDXOWV��FORLVWHU�YDXOWV��HWF��7KH�PDvWUHVVHV�
YR�WHV�� KRZHYHU�� DUH� DOVR� VWRQH� YDXOWV� ³FRQVWUXFWLYH�
SULQFLSOHV´��,W�PHDQV�WKDW�WKH\�UHSUHVHQW�EDVLF�WHFKQLTXHV�
IRU� VROYLQJ� FRPPRQ� �SUREOHPV�� ZLWKLQ� WKH� VWHUHRWRP\�
FRQVWUXFWLRQ��IURP�ZKLFK�LW� LV�QHFHVVDU\�WR�VWDUW�WR�VROYH�
PRUH�FRPSOH[�SUREOHPV�RI�VROLG�LQWHUSHQHWUDWLRQ��

,Q�VWHUHRWRP\�� WKH�YDULDWLRQV�RI�VWRQH�DUUDQJHPHQWV�DUH�
H[SUHVVHG�WKURXJK�WKH�FRQFHSW�RI�YR�WH�VXU�OH�SODQ�G
XQH�
DXWUH�YR�WH��,W�PHDQV�WKDW�WKH�YDXOW�LV�QRW�UHDOL]HG�RQ�WKH�
SODQ�XVXDOO\�DGRSWHG�IRU�LWV�W\SRORJ\��)RU�WKLV�UHDVRQ��ZH�
IRXQG�D� FURVV� YDXOW� RQ�D� FLUFXODU� SODQ� �YR�WH� VSKHULTXH�
IDLVDQW� OH� SODQ� G
XQ� YR�WH� G
DUHVWHV� TXDUUpH��� ZKHUH�
XVXDOO\� WKH� FURVV� YDXOW� FRYHUV� D� VTXDUH� RU� UHFWDQJXODU�
SODQ��,W�LPSOLHV�D�GLIIHUHQW�JHRPHWULF�FRQVWUXFWLRQ�RI�HDFK�

VWRQH�� 7KLV� SULQFLSOH� LV� WKDW� WKH� VDPH� W\SH� RI� YDXOWLQJ�
FRXOG� FRUUHVSRQG� WR� D� GLIIHUHQW� VWRQH� SDWWHUQ�
�DUUDQJHPHQW���7KLV�FRQVWUXFWLRQ�PHWKRG�LV�DOVR�XVHG�IRU�
EULFN�PDVRQU\�YDXOWV��,W�PHDQV�WKDW�LI�IURP�WKH�LQWUDGRV�,�
FRXOG�FODVVLI\�RQH�YDXOW�DV�D�FORLVWHU�YDXOW��WKLV�ZRXOG�QRW�
QHFHVVDULO\� PHDQ� WKDW� WKH� YDXOW� LV� JHRPHWULFDOO\� DQG�
FRQVWUXFWLYHO\�JHQHUDWHG�DV�D�VWDQGDUG�FORLVWHU�YDXOW��7KH�
SDUDOOHO�ZLWK�VWHUHRWRP\�LV�RQO\�RQ�D�JHRPHWULF�EDVLV�DQG�
GRHV�QRW�LQFOXGH�WKH�FRQVWUXFWLRQ�SURFHVV��ZKLFK�LV�YHU\�
GLIIHUHQW��6WHUHRWRP\�SURYLGHV��WKURXJK�WKH�DUW�GX�WUDLW��WKH�
GHVLJQ��DQG�FRQVWUXFWLRQ�RI�HDFK�VWRQH��VNLOIXOO\�VKDSHG�WR�
EH�SODFHG�LQ�D�SUHFLVH�VSDWLDO�FRQILJXUDWLRQ��WKH�PDVRQU\�
FRQVWUXFWLRQ� LV� EDVHG� RQ� WKH� XVH� RI� EULFN�� DQ� HOHPHQW�
PDGH�LQ�VHULHV�WKDW�FDQ�EH�VKDSHG�IRU�VSHFLILF�SXUSRVHV��
EXW�ZKLFK�LV�XVXDOO\�FXW�DQG�DGDSWHG�DFFRUGLQJ�WR�QHHG��

7KH� WKLUG� SDUDPHWHU� LV� WKH� FRQVWUXFWLYH� ILJXUHV�� ZKLFK�
FKDUDFWHUL]H�WKH�YDXOWHG�VWUXFWXUHV�ERWK�DW�D�IRUPDO�DQG�D�
FRQVWUXFWLYH� OHYHO� �)LJ�� ���� 7KH\� ZHUH� GHULYHG� IURP� WKH�
DUFKLWHFWXUDO�WUHDWLVHV�RI�WKH�EDURTXH�SHULRG��VXFK�DV�WKH�
RQHV� E\� 9LQFHQ]R� 6FDPR]]L� �'HOO¶LGHD� GHOO¶DUFKLWHWWXUD�
XQLYHUVDOH���������*XDULQR�*XDULQL��/¶$UFKLWHWWXUD�&LYLOH��
�������DQG�%HUQDUGR�9LWWRQH��,VWUX]LRQL�HOHPHQWDUL���������
$PRQJ� WKHP�� *XDULQL� VHHPV� WR� VXPPDUL]H� WKH�
FRQVWUXFWLYH�IHDWXUHV�LQ�KLV�WUHDWLVH�EHWWHU��DOWKRXJK�RQ�D�
JHRPHWULF�OHYHO��WKHVH�DUH�WKH�³IDVFH´��OLNH�DUFKHV���XVHG�
LQ� WKH�FRQVWUXFWLRQ�RI� WKH� IUDPH�DQG�D� IDVFH� YDXOWV�� WKH�
SRLQWHG� DQG� DUFKHG� OXQHWWHV�� ZKLFK� OHDG� WRZDUGV� WKH�
WKUHH�GLPHQVLRQDO�DUFKHV�RI�WKH�SODQWHULDQ�YDXOWV��WKH�KDOI�
FRQHV��ZKLFK�DOORZ�WKH�FORLVWHU�YDXOW� WR�EH�FRQQHFWHG�WR�
WKH�IRXU�FRUQHUV�RI�WKH�URRP��

�
)LJXUH����7KH�FRQVWUXFWLYH�ILJXUHV��DIWHU�*XDULQR�*XDULQL��SODWH�

;,;�DQG�;;��*XDULQL���������

7KH�³IDVFH´�DUH�VWLIIHQLQJ�HOHPHQWV�WKDW�� LI�SODFHG�DW�WKH�
OHYHO� RI� WKH� LQWUDGRV�� GLYLGH� WKH� YDXOWHG� VXUIDFH� LQWR�
YDULRXV� FRPSDUWPHQWV�� 7KH\� FDQ� KDYH� ERWK� GHFRUDWLYH�
DQG�VWUXFWXUDO�UROHV��7KH\�FDQ�DOVR�EH�UHDOL]HG�RQO\�DW�WKH�
H[WUDGRV�IRU�D�VWUXFWXUDO�IXQFWLRQ��,Q�WKLV�FDVH��WKH�LQWUDGRV�
LV�FRQWLQXRXV��)DVFH� LV� WKH�PDLQ�FRQVWUXFWLYH� IHDWXUH�RI�
WKH�IUDPH�DQG�D�IDVFH�YDXOWV��
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,Q� WKLV� UHVHDUFK�� ³SRLQWHG� OXQHWWHV´� PHDQV� WKH� OXQHWWHV�
WKDW�KDYH�D�SURMHFWLRQ�RQWR�WKH�SODQ�PDGH�RI�WZR�VWUDLJKW�
OLQHV�WKDW�PHHW�DW�RQH�SRLQW��³$UFKHG�OXQHWWHV´�UHIHU�WR�WKH�
OXQHWWHV�ZLWK�D�VHPL�FLUFXODU�RU�VHPL�RYDO�SODQ�SURMHFWLRQ��

7KH�WKUHH�GLPHQVLRQDO�DUFK�LV�D�OXQHWWH�ZKRVH�SURMHFWLRQ�
RQWR�WKH�SODQ�LV�D�KDOI�FLUFOH�RU�DQ�RYDO��,W�LV�GLIIHUHQW�IURP�
WKH� DUFKHG� OXQHWWHV� EHFDXVH� LW� GHULYHV� IURP� WKH�
LQWHUSHQHWUDWLRQ� RI� WZR� VROLGV� RI� URWDWLRQ� �F\OLQGHUV� RU�
VSKHURLGV�� RI� GLIIHUHQW� GLDPHWHUV�� IRU� H[DPSOH�� D�
KRUL]RQWDO�KDOI�F\OLQGHU��EDUUHO�YDXOW��DQG�D�SHUSHQGLFXODU�
YHUWLFDO� KDOI�F\OLQGHU�� 0DWKHPDWLFDOO\�� LW� JHQHUDWHV� D�
IRXUWK�GHJUHH� VNHZHG�DOJHEUDLF� FXUYH��ZKRVH�SRLQWV� OLH�
RQ�GLIIHUHQW�SODQHV��7KHVH�DUH�SURMHFWLQJ�FXUYHV�ZKRVH�
LQIOHFWLRQ� SRLQWV�� ZKHUH� FXUYDWXUH� FKDQJH� RFFXUV��
JHQHUDWH� WKRVH� ZLQGLQJ� OLQHV� WKDW� FKDUDFWHUL]H� WKH�
SODQWHULDQ�YDXOWV��

+DOI�FRQHV�FDQ�EH�XVHG�WR�UHDOL]H�WKH�YDXOW��*XDULQL�VKRZV�
D� VDLO� YDXOW�� URWDWHG� E\� ���� RQ� D� VTXDUH� RU� UHFWDQJXODU�
SODQ��FRQQHFWHG� WR� WKH� IRXU�FRUQHUV�RI� WKH� URRP�E\�KDOI�
FRQHV��

��� 7KH�*,6�EDVHG�FDWDORJXH�RI�IUDPH�
YDXOWV��D�IDVFH�YDXOWV��DQG�SODQWHULDQ�

YDXOWV�
7KH�VWXG\� IRFXVHV�RQ� WKUHH� W\SRORJLHV�RI�FORLVWHU�YDXOWV�
FKDUDFWHUL]HG� E\� WKUHH� FRQVWUXFWLYH� ILJXUHV�� WKH� IUDPH�
YDXOWV� DQG�D� IDVFH� YDXOWV�� EDVHG� RQ� IDVFH� FRQVWUXFWLYH�
ILJXUHV�� DQG� WKH� SODQWHULDQ� YDXOW� EDVHG� RQ� WKH� WKUHH�
GLPHQVLRQDO� DUFKHV� �)LJV�� �� DQG� ���� 7KH� RWKHU�
FRQVWUXFWLYH� ILJXUHV� �KDOI� FRQH�� SRLQWHG� OXQHWWHV�� DQG�
DUFKHG� OXQHWWHV�� DUH� VRPHWLPHV� FRPELQHG� LQ� WKH� WKUHH�
W\SRORJLHV��

�
)LJXUH����&ORLVWHU�YDXOWV�PHWDPRUSKRVLV��IUDPH��D�IDVFH��DQG�

SODQWHULDQ�YDXOWV��

7KH� UHVHDUFK� FDUULHG� RXW� VR� IDU� KDV� DOORZHG� ILQGLQJ� D�
FRUSXV� RI� H[DPSOHV� RI� IUDPH�� D� IDVFH�� DQG� SODQWHULDQ�
YDXOWV� GLVVHPLQDWHG� PDLQO\� LQ� /RPEDUG\�� 3LHGPRQW��
(PLOLD�5RPDJQD�� 9HQHWR�� 6DUGLQLD�� $EUX]]L�� DQG� WKH�
&]HFK�5HSXEOLF��

7KH� UHFRUHG� H[DPSOHV� ������ DUH� ZLWQHVVHV� RI� SHFXOLDU�
FRQVWUXFWLRQ�SUDFWLFHV��LQ�D�EURDGHU�VHQVH��RI�WKH�FORLVWHU�
YDXOWV��

x� )UDPH�YDXOWV������H[DPSOHV������IURP�OLWHUDWXUH�
�RI�ZKLFK����JHRPHWULF�VXUYH\V������IURP�RQ�ILHOG�

UHVHDUFK� �SKRWRV� E\� WKH� DXWKRU��� �� JHRPHWULF�
VXUYH\V� E\� WKH� DXWKRU� �ODVHU� VFDQQHU� RU�
SKRWRJUDPPHWU\�RU�WKHUPRJUDSK\���

x� $�IDVFH�YDXOWV�����H[DPSOHV����� IURP�OLWHUDWXUH�
�RI� ZKLFK� �� JHRPHWULF� VXUYH\V��� �� JHRPHWULF�
VXUYH\V�E\�WKH�DXWKRU��

x� 3ODQWHULDQ� YDXOWV�� ��� H[DPSOHV�� ��� IURP�
OLWHUDWXUH��RI�ZKLFK����JHRPHWULF�VXUYH\V�����IURP�
RQ�ILHOG� UHVHDUFK� �SKRWR� E\� WKH� DXWKRU��� ��
JHRPHWULF�VXUYH\V�E\�WKH�DXWKRU��

,Q�WKH�ILUVW�LQVWDQFH��WKH�FDVH�VWXGLHV�WKDW�ZHUH�JUDGXDOO\�
EHLQJ�LGHQWLILHG��ZLWK�WKH�UHODWHG�LQIRUPDWLRQ��FRPLQJ�IURP�
WKH� H[LVWLQJ� OLWHUDWXUH� RQ� WKH� VXEMHFW�� GLUHFW� VXUYH\V� RU�
LQVSHFWLRQV��ZHUH�LQVHUWHG�LQ�VKHHW�ZRUN�IRU�FDWDORJXLQJ�
�LQ�06:RUG���7KH�VKHHW�ZRUN��QDPHG�DIWHU� WKH�EXLOGLQJ�
ZLWK� WKH�YDXOW��JLYHV� LQIRUPDWLRQ�RQ� WKH�SDODFH� ORFDWLRQ��
WKH�SHULRG�RI�FRQVWUXFWLRQ��WKH�YDXOW�GHVFULSWLRQ��DQG�WKH�
ELEOLRJUDSKLF�UHIHUHQFHV��7KH�VKHHW�ZRUN�LQFOXGHV�WKH�RQ�
ILHOG�UHVHDUFK�GDWD��VXFK�DV�WKHUPRJUDSKLF�DQG�JHRPHWULF�
VXUYH\��YDXOW�GLPHQVLRQV���SKRWRV���'�PRGHOOLQJ��7KH�ER[�
ZLWK�NH\ZRUGV�KLJKOLJKWV�WKH�HOHPHQWV�WKDW�FDQ�KHOS�PDNH�
FURVV�TXHULHV� DPRQJ� WKH� W\SRORJLHV�� .H\ZRUGV� DUH�
UHODWHG� WR� WKH� QRYHO� SDUDPHWHUV�� VXFK� DV� PDvWUHVVHV�
YR�WHV�� EULFN� RU� VWRQH� DUUDQJHPHQW�� DQG� FRQVWUXFWLYH�
ILJXUH��7KH�VKHHW�ZRUN��)LJ�����ZDV�WKH�ILUVW�OHYHO�RI�GDWD�
FROOHFWLRQ�� $� GDWDEDVH�ZDV� WKHQ� VHW� XS� �06$FFHVV�� WR�
VWRUH� WKH� LQIRUPDWLRQ�DQG� WR�JHRUHIHUHQFH� WKHP� LQ�*,6��
7KH� GDWDEDVH� LV� WKH� ILUVW� VWHS� LQWR� WKH� VKDULQJ� RI� WKH�
FROOHFWHG� GDWD�� $ORQJ� ZLWK� WKH� VKHHW� ZRUN�� WKH� *,6�
VHHPHG� WKH� DSSURSULDWH� WRRO� WR� YLVXDOL]H� D� PDS� RI� WKH�
GLVVHPLQDWLRQ� DQG� FRQFHQWUDWLRQ� RI� WKH� WKUHH� W\SHV� RI�
YDXOWV��DOWKRXJK�WKH�UHVHDUFK�LV�VWLOO�RQ�JRLQJ�DQG�RSHQHG�
WR�DGGLWLRQDO�LQIRUPDWLRQ�FRPLQJ�IURP�IXWXUH�VWXGLHV��

�
)LJXUH����6WXG\�RI�W\SRORJLHV�RI�FORLVWHU�YDXOWV��D��IUDPH�YDXOW�RI�
9LOOD�G¶$GGD�%RUURPHR��DUFK��)��&URFH��FD���������&DVVDQR�
G¶$GGD��E��IUDPH�YDXOW�RI�6W��6LJLVPRQGR�UHIHFWRU\��FD���������
&UHPRQD��F��SODQWHULDQ�YDXOW��3DOD]]R�*KLOLQL��DUFK��%��$OILHUL�
��������$OHVVDQGULD��G��D�IDVFH�YDXOW��6W��/RUHQ]R�FKXUFK�

VDFUHVW\��DUFK��*��*XDULQL��FD���������

�

�

�

�

�
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�
)LJXUH����$Q�H[DPSOH�RI�YDXOW�VKHHW�ZRUN��IUDPH�YDXOW�RI�6W��
1LFROD�$EEH\��FD��������IUHVFRV�E\�/DWWDQ]LR�*DPEDUD��

5RGHQJR�6DLDQR��%UHVFLD���(DFK�YDXOW�KDV�D�FRGH��%6�7������
WKH�EXLOGLQJ�QDPH��WKH�EXLOGLQJ�DGGUHVV��YDXOW�GLPHQVLRQV�DQG�
GHVFULSWLRQ��ELEOLRJUDSKLFDO�UHIHUHQFHV��SKRWRV��GUDZLQJV��
WKHUPR�FDPHUD�SKRWR���'�PRGHO��ZKHQHYHU�SRVVLEOH���7KH�

NH\ZRUGV�LQ�WKH�ER[�DUH�WKH�HOHPHQWV�WKDW�FDQ�KHOS�LQ�WKH�FURVV�
TXHULHV��LQ�WKLV�FDVH����WK�FHQWXU\��5RGHQJR�6DLDQR��ZRRGHQ�

FHLOLQJV��EUDFNHWV��IDVFH�DUFKHV���0DQWXDQ�FUDIWVPHQ��

2QH�FUXFLDO�VWHS�ZDV�UHDOL]LQJ�WKH�GDWDEDVH�VWUXFWXUH��LW�
ZDV� QHFHVVDU\� WR� WKLQN� DERXW� WKH� FDWHJRULHV� DW� SOD\��
UHDOL]LQJ� D� IXQFWLRQDO� WRRO� UHJDUGLQJ� WKH� UHVHDUFK�
REMHFWLYHV� �)LJ�� ���� 7KH� GDWDEDVH� LV� PDGH� RI� GLIIHUHQW�
WDEOHV��

x� %XLOGLQJ�� 7R� ZKLFK� EHORQJV� WKH� WDEOH� %XLOGLQJ�
W\SHV��3DODFHV�RU�FKXUFKHV���'HVFULSWLRQ��QDPH�
RI� WKH� EXLOGLQJ��� 'DWHV� �FRQVWUXFWLRQ� SKDVH� LI�
SRVVLEOH���&LW\��$GGUHVV�DQG�;��<�FRRUGLQDWHV�WR�
JHRUHIHUHQFHG�WKH�EXLOGLQJ��

x� 5HJLRQV�� 3URYLQFHV� DQG� &LWLHV�� 5HJLRQV��
3URYLQFHV�DQG�FLWLHV�EHORQJLQJ�WR�WKH�VWXG\�ZHUH�
DGGHG�� 5HJLRQV�� $EUX]]L�� (PLOLD�5RPDJQD��
/RPEDUG\�� 3LHGPRQW�� 6DUGLQLD�� 9HQHWR��
3URYLQFHV��$OHVVDQGULD��$VWL��%HUJDPR��%RORJQD��
%UHVFLD�� &DJOLDUL�� &UHPRQD�� &XQHR�� 0DQWRYD��
0LODQR�� 2ULVWDQR�� 3HVFDUD�� 3LDFHQ]D�� 5HJJLR�
(PLOLD��6DVVDUL��7RULQR��9HUEDQR�&XVLR�2VVROD��
9HURQD�����&LWLHV��

x� 9DXOWV��7R�ZKLFK�EHORQJV�YDXOWV�,'��EXLOGLQJV�,'��
9DXOW� W\SH� �9DXOW�� IUDPH�� D� IDVFH�� SODQWHULDQ���
9DXOW�PDWHULDO��%ULFN��LQ�IRJOLR�EULFN��YRXVVRLUHV��
PRUWDUHG� UXEEOH�� ZRRGHQ� FHQWHULQJV���

&RQVWUXFWLYH� ILJXUHV� LQWUDGRV� �)DVFH�� SRLQWHG�
OXQHWWHV�� DUFKHG� OXQHWWHV�� �'�DUFKHV�� WLH� URGV���
&RQVWUXFWLYH�ILJXUHV�H[WUDGRV��KDOI�FRQH��IUHQHOOL�
±� EULFN� PDVRQU\� ZDOOV�� ULEV�� WLH� URGV���
$UUDQJHPHQW� �%ULFN� RU� VWRQH� DUUDQJHPHQW� FDQ�
EH�SDUDOOHO�WR�WKH�WUDQVYHUVDO�ZDOO��SDUDOOHO�WR�WKH�
ORQJLWXGLQDO� ZDOOV�� KHUULQJERQH� SDWWHUQ��
FRQFHQWULF�UHFWDQJXODU�SDWWHUQ��FRQFHQWULF�FLUFOH�
SDWWHUQ���7\SH�RI�VRXUFHV��GLUHFW�RU�LQGLUHFW���OLQN�
WR� WKH� SKRWRV�� OLQN� WR� WKH� �'� PRGHO� RQ� D����
�ZKHQHYHU�SRVVLEOH���

�
)LJXUH����9DXOW�GDWDEDVH�VFKHPD��

7KH�GDWDEDVH�ZDV�SRSXODWHG�E\�WKH�����YDXOWV�WKDW�ZHUH�
VWXGLHG�IRU�WKH�UHVHDUFK��7KDQNV�WR�WKH�GDWDEDVH��LW�ZDV�
SRVVLEOH� WR�PDNH�TXHULHV�KLJKOLJKWLQJ� WKH� UHFXUUHQFH�� LQ�
VSDFH� DQG� WLPH�� RI� VSHFLILF� FRQVWUXFWLRQ� WHFKQLTXHV� RU�
YDXOWLQJ� W\SHV�� 7KH� TXHU\� ZDV� VWUXFWXUHG� WR� PDNH� LW�
SRVVLEOH� WR� VRUW� WKH� YDXOW� GHSHQGLQJ� RQ� WKH� FLW\�� RU� WKH�
SURYLQFH�� WKH� EXLOGLQJ� GDWH�� WKH� YDXOWLQJ� W\SH�� WKH�
FRQVWUXFWLYH� YDXOW� ILJXUHV� �LQWUDGRV� DQG� H[WUDGRV��� WKH�
YDXOW� DUUDQJHPHQW�� WKH� YDXOW� PDWHULDO�� DQG� WKH� W\SH� RI�
VRXUFHV��GLUHFW�RU�LQGLUHFW���)LJ������

�
)LJXUH����'%�TXHU\��YDXOWV�WKDW�FDQ�EH�IRXQG�LQ�WKH�3URYLQFH�RI�

%UHVFLD�ZLWK�5RGHQJR�6DLDQR�KLJKOLJKWHG��

7KH� LGHD� WR� FUHDWH� D� VSHFLILF� YRLFH� IRU� LQWUDGRV� DQG�
H[WUDGRV� FRQVWUXFWLYH� ILJXUHV� LV� PHDQW� WR� DOORZ� PRUH�
IOH[LEOH�UHVHDUFK��LI�D�YDXOW�LV�K\EULG��IRU�H[DPSOH��QRW�MXVW�
D� IUDPH� YDXOWV� EXW� D� FRPELQDWLRQ� RI� IUDPH� DQG� RWKHU�
FRQVWUXFWLYH� ILJXUHV��� RQH� FDQ� VHDUFK� IRU� �YDXOW�� DQG�
�FRQVWUXFWLYH� ILJXUHV� LQWUDGRV�� VR� WKH� YDXOW�� ZKLFK� ZDV�
VWRUHG�ZLWK�WKHVH�IHDWXUHV��VKRZV�XS��)LJ������

�
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�

� � �
)LJXUH����'%�TXHU\��YDXOWV�WKDW�KDYH�WKH�VDPH�FRQVWUXFWLYH�

ILJXUHV�EXW�GLIIHUHQW�PDWHULDOV��%6�7�����%6 %UHVFLD��7 )UDPH�
YDXOW��Q�����6W��1LFROD�$EEH\�LQ�5RGHQJR�6DLDQR��0,�7���

�0, 0LODQR��Q�����

3DUWLFXODU�DWWHQWLRQ�ZDV�GHYRWHG�WR�WKH�W\SH�RI�VRXUFHV�����
LQGLUHFW� VRXUFHV�� GHVFULSWLRQ� DQG� SKRWRV� IURP� OLWHUDWXUH��
JHRPHWULFDO� VXUYH\� IURP� OLWHUDWXUH�� ��� GLUHFW� VRXUFHV�� D�
JHRPHWULFDO� VXUYH\� �KDQG�PHDVXUHPHQW��� ODVHU� VFDQQHU�
VXUYH\��SKRWRJUDPPHWULF� VXUYH\�� WKHUPRJUDSKLF� VXUYH\��
SKRWRV��7KH�LQGLUHFW�DQG�GLUHFW�VRXUFHV�ZHUH�VXEGLYLGHG�
WR�KLJKOLJKW�HDFK�LQIRUPDWLRQ�VSHFLILFLW\��,I�WKLQNLQJ�DERXW�
VKDULQJ�WKH�GDWDEDVH�RQ�D�EURDGHU�VFDOH��WKH�VXEGLYLVLRQ�
PDNHV� WKH� UHVHDUFKHUV� DZDUH� RI� WKH� LQIRUPDWLRQ�
SURYHQDQFH��

7KH� GDWDEDVH� ZDV� WKHQ� LPSRUWHG� LQWR� 4*,6� ����� WR�
YLVXDOL]H� WKH� PDS� RI� YDXOWV� GLVVHPLQDWLRQ� DQG�
FRQFHQWUDWLRQ��HYHQ� LI� WKH� UHVHDUFK� LV� VWLOO� RQ�JRLQJ�DQG�
WKH� PDS� GRHV� QRW� PLUURU� WKH� UHDO� GLVVHPLQDWLRQ� RI� WKH�
YDXOWLQJ� W\SHV�� %HFDXVH� WKH� GDWDEDVH� SDWK� LV� VDYHG� LQ�
4*,6�� LW� LV� DXWRPDWLFDOO\� XSGDWHG� LQ� WKH� *,6� �)LJ�� ����
:KHQ�FOLFNLQJ�RQ�RQH�RI�WKH�SRLQWV�UHSUHVHQWLQJ�D�YDXOW��
WKH�LQIRUPDWLRQ�LV�YLVLEOH�RQ�WKH�ULJKW�VLGH��)LJ������

�
)LJXUH����0DS�RI�WKH�GLVVHPLQDWLRQ�RI�IUDPH��EOXH���D�IDVFH�
�RUDQJH���DQG�SODQWHULDQ�YDXOWV��JUHHQ���*,6���7KH�PDLQ�

FRQFHQWUDWLRQ�LQ�1RUWKHUQ�,WDO\�LV�GXH�WR�WKH�EURDGHU�UHVHDUFK�
FDUULHG�RXW�LQ�WKLV�DUHD��,W�LV�SRVVLEOH�WR�QRWLFH�IUDPH�DQG�

SODQWHULDQ�YDXOWV�LQ�6DUGLQLD��$EUX]]L��DQG�3UDJXH��0RUH�VWXGLHV�
FRXOG�VKHG�IXUWKHU�OLJKW�RQ�WKHVH�YDXOW�W\SRORJLHV�LQ�RWKHU�

QDWLRQV�RU�UHJLRQV��

��� &RQFOXVLRQV�
,Q� WKLV� UHVHDUFK�� WKH�GDWDEDVH�DQG� WKH�*,6�DUH� WRROV� WR�
FROOHFW�YDXOWLQJ�W\SHV�DQG�LQIRUPDWLRQ��7KH\�DOVR�KHOS�IRUP�
K\SRWKHVHV�DERXW�WKH�WHFKQRORJ\�WUDQVIHU�RI�D�SDUWLFXODU�
W\SH�RI�FRQVWUXFWLRQ�WHFKQLTXH��

7KH� IUDPH��D� IDVFH��DQG�SODQWHULDQ�YDXOWV�GLVVHPLQDWLRQ�
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