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$EVWUDFW'HVLJQ�DQG�FRQVWUXFWLRQ�RI�UHVLGHQWLDO�DQG�FRPPHUFLDO�VWUXFWXUHV�UHOLHV� KHDYLO\�RQ� FRQVWUXFWLRQ�GRFXPHQWDWLRQ� WR�FRQYH\�QRW�RQO\�IRUP�DQG�IXQFWLRQ��EXW�DOVR�WR�DLG�LQ�WKH�HVWLPDWLRQ�DQG�PDUNHWLQJ�RI� WKH� VWUXFWXUH�� ,I� GRQH� ZLWK� WUDGLWLRQDO� PHWKRGV�� UHVLGHQWLDO�GHVLJQ� DQG� FRQVWUXFWLRQ� UHTXLUHV� VHYHUDO� SHRSOH� DQG� FRXQWOHVV�KRXUV� WR� JDWKHU� WKH� GDWD� LQ� XVHIXO� IRUPV�� 7KH� WUDGLWLRQDO�GRFXPHQWV� WKDW� DUH� QHFHVVDU\� IRU� WKH� FRQVWUXFWLRQ� SURFHVVHV� DUH�WKH� HVWLPDWH�� ELOO� RI� PDWHULDO� DQG� FRQVWUXFWLRQ� GRFXPHQWV� RU�ZRUNLQJ�GUDZLQJV���(DFK�SURFHVV�UHTXLUHV�HDFK�SHUVRQ�WR�LQWHUSUHW�WKH�FRQVWUXFWLRQ�GRFXPHQWV�WKDW�LQHYLWDEOH�LQFRUSRUDWHV�HUURU�DQG�PDWHULDO�ZDVWH�LQWR�WKH�FRQVWUXFWLRQ�SURFHVV��7KHVH�GRFXPHQWV�DUH�WKH� LQLWLDO� VWDUW� WR� D� ODUJHU� SURFHVV�� 9LVXDOL]DWLRQ� RI� WKH� HQWLUH�SURFHVV� DQG� LQGLYLGXDO� DVVHPEOLHV� RI� PDWHULDOV� KDV� EHFRPH� D�VWDQGDUG�UHTXLUHPHQW� IRU�LQGLYLGXDOV�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\��7KH� HGXFDWLRQ� QHHGHG� IRU� FRQVWUXFWLRQ� LV� JDWKHUHG� E\� KDQGV� RQ�H[SHULHQFH�DQG�FDQ�WDNH�VHYHUDO�\HDUV�IRU�WKH�LQGLYLGXDO�WR�REWDLQ���0DQ\� $(&� ILUPV� GR� QRW� KDYH� WKH� WLPH� WR� WUDLQ� FDUSHQWHUV��VXEFRQWUDFWRUV�� RU� VXSHULQWHQGHQWV� KRZ� FRQVWUXFWLRQ� DVVHPEO\�SURFHVVHV� FRPH� WRJHWKHU�� 7HFKQRORJ\� LV� SURYLGLQJ� PDUNHWLQJ�DOWHUQDWLYHV� VXFK� DV� WKUHH�GLPHQVLRQDO� PRGHOV� IRU� YLVXDOL]DWLRQ��VLPXODWLRQ� DQG� VSDWLDO� DQDO\VLV�� 7HFKQRORJ\� KDV� DOVR� SURYLGHG� D�PHDQV� WR� GHOLYHU� WKLV� LQIRUPDWLRQ� HIIHFWLYHO\� WKH� ,QWHUQHW�� 7KLV�SDSHU�ZLOO� GLVFXVV� RQ�OLQH� FRQVWUXFWLRQ� DQLPDWLRQV� RI� DVVHPEOHG�FRQVWUXFWLRQ� SURFHVVHV� DQG� WKH� UHVXOWV� REWDLQHG� IURP� VWXGHQW�WHVWLQJ�RI� WUDGLWLRQDO��'�GDWD���'�UHQGHULQJV��DQG��'�DQLPDWLRQV�GHOLYHUHG�RYHU�WKH�,QWHUQHW�
.H\ZRUGV� �'�0RGHO��6SDWLDO�'HVLJQ��&RQVWUXFWLRQ��(GXFDWLRQDO�6SDWLDO�9LVXDOL]DWLRQ��$(&�,QGXVWU\�� ,1752'8&7,217KH� DUW� RI� FRQVWUXFWLQJ� VWUXFWXUHV� LV� D� FRQWLQXRXV� HGXFDWLRQDO�SURFHVV��7KHUH�KDV�DOZD\V�EHHQ�GLIILFXOW\�DVVRFLDWHG�ZLWK�WUDLQLQJ�$UFKLWHFWXUDO� (QJLQHHULQJ�� &RQVWUXFWLRQ� DQG� *UDSKLF� 'HVLJQ�VWXGHQWV��DORQJ�ZLWK�SURIHVVLRQDOV�LQ�WKH�ILHOG�KRZ�WR�DVVHPEOH�WKH�SLHFHV�RI� WKH� VWUXFWXUH�� �&RQVWUXFWLRQ�SUDFWLFHV�ZLWKRXW�KDQGV�RQ�H[SHULHQFH�RU�SUHYLRXV� WUDLQLQJ� LV�H[WUHPHO\�GLIILFXOW� WR�YLVXDOL]H�LQGLYLGXDO�FRQVWUXFWLRQ�SURFHVVHV� OHW�DORQH�WU\LQJ�WR�SXW�WRJHWKHU�WKH�HQWLUH�VWUXFWXUH���&XUUHQWO\��WKH�SUHFHGHQFH�IRU�WKLV�WUDLQLQJ�LV�ZLWK� WKH� XVH� RI� WH[WERRNV� FRQWDLQLQJ� WZR�GLPHQVLRQDO� GUDZLQJV���,W� LV� HVWLPDWHG� WKDW� ���� RI� WKH� SRSXODWLRQ� LQ� WKH� ZRUOG� KDYH�WURXEOH� YLVXDOL]LQJ� WKHVH� �'� 0XOWLYLHZ� LOOXVWUDWLRQV� DV� WKUHH�GLPHQVLRQDO�REMHFWV���7KHUHIRUH��WKH\�FDQQRW�DGHTXDWHO\�OHDUQ�WKH�KRZ�WKH�SDUWV�RI�WKH�VWUXFWXUH�DUH�DVVHPEOHG���7KH�SUREOHP�LV�WKDW�

PRVW�VWXGHQWV�DQG�SURIHVVLRQDOV�DUH�DIUDLG�RI�FUHDWLQJ�FRQVWUXFWLRQ�GRFXPHQWV�XWLOL]LQJ��'�0RGHOLQJ��³,W¶V�D�VKRUW�MXPS�QRW�D�OHDS�RI�IDLWK� IURP� WZR� GLPHQVLRQV� WR� WKUHH� GLPHQVLRQV´�0DWWKHZV� >�@���:KDW� JUDSKLFDO� FRPPXQLFDWLRQ� PHWKRGV� FDQ� EH� GHYHORSHG� WR�EHWWHU� LQWURGXFH� WKLV� NQRZOHGJH� WR� WKHVH� VWXGHQWV"� � $UH� WKUHH�GLPHQVLRQDO�PRGHOV�D�EHWWHU��PRUH�HIILFLHQW�ZD\� WR�FRPPXQLFDWH�WKLV�NQRZOHGJH� WKDQ� WZR�GLPHQVLRQDO�PHGLD"� � ,I�VR��KRZ�FDQ�ZH�EHVW� XVH� WRGD\¶V� WKUHH�GLPHQVLRQDO� WHFKQRORJ\� WR�EHWWHU� IDFLOLWDWH�WKLV�OHDUQLQJ"�$FFRUGLQJ�WR�*LDPEUXQR�>�@��³7KH�LPSOHPHQWDWLRQ�DQG XWLOL]DWLRQ�RI��'�PRGHOV��HVSHFLDOO\�DUFKLWHFWXUDO��KDG�EHFRPH�VLJQLILFDQWO\� HDVLHU� DQG� PRUH� HIILFLHQW� WR� FRQVWUXFW�´� ,V� WKHUH�VRPHWKLQJ� EH\RQG� �'� PRGHOV� WKDW� FDQ� EH� XWLOL]HG� IRU� EHWWHU�XQGHUVWDQGLQJ� RI� FRQVWUXFWLRQ� DVVHPEOLHV"� )DOORQ� >�@� VWDWHV� WKDW�WKH�EHQHILWV�RI�LQWHOOLJHQW�PRGHOLQJ�DSSURDFK�WR�WKH�$(&�LQGXVWU\�DUH� LQFUHDVHG� SURGXFWLYLW\�� UHGXFHG� F\FOH� WLPH�� EHWWHU�ZRUN� IORZ�DPRQJVW� JURXS� PHPEHUV�� DQG� OLIH� F\FOH� DSSOLFDWLRQV�� 7KHVH� DUH�LPSRUWDQW� FRQFHSWV� DQG� YDOXDEOH� FRQFHSWV� WR� SHRSOH� WKDW� DUH�FRQFHUQHG� ZLWK� SURMHFW� PDQDJHPHQW�� EXW� XQOHVV� WKH� XVHU� KDV� D�ILUP�JUDVS�RQ�WKH�HQWLUH�FRQVWUXFWLRQ�SURFHVV��RQO\�D�IHZ�RI�WKHVH�FRQFHSWV�ZLOO�EH�XWLOL]HG�WR�WKHUH�IXOO�SRWHQWLDO�
7KHVH� TXHVWLRQV�ZHUH� WKH� SUHPLVH� EHKLQG� WKH� SURMHFW� DQG� LQLWLDO�VXUYH\� D� SURMHFW� GHVLJQHG� IRU� D� VHQLRU� OHYHO� GHVLJQ� FRXUVH� WKDW�UHTXLUHG� WKH� VWXGHQWV� WR� FUHDWH� D� JUDSKLFDO� OLEUDU\� RI� DVVHPEO\�FRQVWUXFWLRQ�SURFHGXUHV�IRU�WKH�$(&�,QGXVWU\��+RZ�ZHUH�WKH\�WR�WHVW� ZKHWKHU� WKH� DVVHPEOLHV� ZHUH� DFWXDOO\� EHQHILFLDO� ZDV� WKH�SUREOHP� WKH� JURXS� KDG� WR� VROYH�� &UHDWLQJ� WKH� �'� FRQVWUXFWLRQ�GRFXPHQWV���'�SLFWRULDO�LOOXVWUDWLRQV��DQG��'�DQLPDWLRQV�ZDV�QRW�WKDW� FKDOOHQJLQJ� IRU� D� VWXGHQW� LQ� &RPSXWHU� *UDSKLFV�� 7KH�DVVHPEOLHV� ZHUH� VWDQGDUGL]HG� VR� WKH\� FRXOG� DSSO\� WR� VHYHUDO�EXLOGLQJ� W\SHV��7KH�DVVHPEO\� LQIRUPDWLRQ�V\VWHP�ZDV�ZHE�EDVHG�VR� LW� ZRXOG� DOORZ� XVHUV� WR� EHWWHU� YLVXDOL]H� DQG� FRPSUHKHQG�FRPSOH[� EXLOGLQJ� WHFKQLTXHV�ZLWK� OLWWOH� RU� QR�NQRZOHGJH� DQG�RU�SUHYLRXV� WUDLQLQJ�� ,W� GLG� QRW� KRZHYHU� DOORZ� WKH� WHVW� VXEMHFWV� WR�WDNH� WKH� VXUYH\� DQ\ZKHUH� WKH\� ZDQWHG� GXH� WR� VSHFLILF� VRIWZDUH�XVHG�LQ�WKH�VXUYH\��
3UHYLRXVO\�� WKH� XVH� RI� WZR�GLPHQVLRQDO� GUDZLQJV� DQG� WH[WERRNV�ZHUH�WKH�SULPDU\�VRXUFH�RI�VXFK�LQIRUPDWLRQ�ZKHQ�RQ�VLWH�WUDLQLQJ�LV� XQDYDLODEOH�� � 2Q�6LWH� WUDLQLQJ� FDQ� EH� GLIILFXOW� GXH� WR� WKH�WLPHOLQH�VFKHGXOH�RI�WKH FRQVWUXFWLRQ�SURFHVV�� �6R�KRZ�FRXOG�WKH�HGXFDWLRQ� EH� IDFLOLWDWHG� ZLWKRXW� LPSHGLQJ� WKH� EXLOGLQJV�FRQVWUXFWLRQ�VFKHGXOH"�7KH�LQIRUPDWLRQ�ZRXOG�EH�PDGH�DYDLODEOH�WKURXJK�D�GDWDEDVH�GULYHQ�ZHEVLWH�WKDW�FDQ�EH�DFFHVVHG�IURP�DQ\�FRPSXWHU��ODSWRS��RU�3'$�DYDLODEOH�
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7KH� SURMHFW� ZDV� XQGHUWDNHQ� E\� D� JURXS� RI� VWXGHQWV� LQ� D� VHQLRU�OHYHO�FRXUVH�DW�3XUGXH�8QLYHUVLW\��7KH\�FDPH�XS�ZLWK�PRVW�RI�WKH�LQIRUPDWLRQ� DQG� JUDSKLFV� IRU� WKH� VXUYH\� ZLWK� D� VWULFW� JXLGHOLQHV�GHILQHG�EHIRUH�WKH�SURMHFW�EHJDQ��7KH�HQWLUH�SURFHVV�FRYHUHG�D����ZHHN�VHPHVWHU�
)LUVW��DQ�LQLWLDO�SURFHVV�RU�IORZ�FKDUW�ZDV�ODLG�RXW���7KLV�LQFOXGHG�D�EDVLF� ZRUNIORZ� DQG� KRZ� WDVNV� ZRXOG� EH� GLYLGHG� EHWZHHQ�PHPEHUV�� �$V� WKH�SURMHFW�SDUDPHWHUV�EHFDPH�FOHDUHU�� WKH�SURFHVV�ZDV� PRGLILHG�� VWUHDPOLQHG�� DQG� EURNHQ� LQWR� SUH�SURGXFWLRQ��SURGXFWLRQ��DQG�SRVW�SURGXFWLRQ�F\FOHV�
7KH� SUH�SURGXFWLRQ� LQFOXGHG� SLFNLQJ� FRQVWUXFWLRQ� GHWDLOV� DQG�FUHDWLQJ� VWRU\ERDUGV�� � 7KH� SURGXFWLRQ� VWDJH� LQFOXGHG� PRGHOLQJ��DQLPDWLQJ�DQG�UHQGHULQJ���$QG�WKH�SRVW�SURGXFWLRQ�VWDJH�LQFOXGHG�FRPSRVLWLQJ�DQG�ZHE�LPSOHPHQWDWLRQ���$OVR��HDUO\�RQ��WKH�WHDP�GHYHORSHG�D�ILOH�V\VWHP�WR�KHOS�NHHS�WUDFN�RI� WKH� PDQ\� ILOHV�� � 7KH� ILJXUHG� RXW� WKDW� PXOWLSOH� SHRSOH� ZRXOG�QHHG� DFFHVV� WR� WKH� LQIRUPDWLRQ� DQG� D� ZHOO� RUJDQL]HG� QDPLQJ�FRQYHQWLRQ�DOORZHG�HDV\�DFFHVV�IRU�DOO�JURXS�PHPEHUV�WR�DOO�ILOHV��DV� WKH\� ZHUH� EHLQJ� FUHDWHG� RU� PRGLILHG�� 7KH� ILOH� RUJDQL]DWLRQ�LQFOXGHG�IROGHUV�IRU�DQLPDWLRQ��GRFXPHQWDWLRQ��DQG�UHVHDUFK�ZLWK�HDFK� KDYLQJ� WKH� DSSURSULDWH� VXE�FDWHJRULHV� ZLWKLQ�� 7KLV� ILOH�VWUXFWXUH�ZDV�VHW�XS�WR�KHOS�VSHHG�DQG�VPRRWK�WKH�SURFHVV�
�� 35(�352'8&7,21
7KH� ILUVW� LWHP� RI� FRQFHUQ�ZDV� WKH� FRQVWUXFWLRQ� GHWDLOV� WKDW�ZHUH�JRLQJ�WR�EH�LQFOXGHG�LQ�WKH�LQLWLDO�UHOHDVH�RI�WKH�ZHEVLWH��,QLWLDOO\��7KH�JURXS�ZDV�JLYHQ����GLIIHUHQW�SLFWRULDO�UHSUHVHQWDWLRQV�WR�XVH�DV� WKH� EDVLV� IRU� D� VHULHV� RI� DQLPDWLRQV�� � $IWHU� PRGLI\LQJ� WKH�SURMHFW�WR�LQFOXGH�&XOW�'�ZH�ZHUH�HPSRZHUHG�WR�FXW�WKH�QXPEHU�GRZQ�� )LIWHHQ� GHWDLOV� ZRXOG� EH� LQFOXGHG� RQ� WKH� LQLWLDO� ZHEVLWH��ZKLFK�ZDV�GHFLGHG�RQ�E\�WKH�JURXS��7KH�ILQDO�ILIWHHQ�ZHUH�FKRVHQ�

IURP�WKH�RULJLQDO����LQ�DQ�DWWHPSW�WR�KDYH�D�GLYHUVH�UHSUHVHQWDWLRQ�RI� FRQVWUXFWLRQ� SUDFWLFHV� DQG� FRPSOH[LW\�� � 7KH� JURXS�ZDQWHG� WR�KDYH� DV� GLYHUVH� PL[� RI� FRQVWUXFWLRQ� SURFHVVHV� LQ� RUGHU� WR�DGHTXDWHO\� ILQG� ZKHUH� DQLPDWLRQ� ZDV� QHHGHG� PRVW� IRU�YLVXDOL]DWLRQ�� � 2QFH� WKH� FRQVWUXFWLRQ� GHWDLOV� ZHUH� ILQDOL]HG��VWRU\ERDUGV� IRU�HDFK�KDG� WR�EH�FUHDWHG�� �)RU�HDFK�GHWDLO�SLFWRULDO�GUDZLQJV�ZHUH�REWDLQHG�IURP�³:RRG�)UDPH�+RXVH�&RQVWUXFWLRQ´�WR�XVH�DV�D�EDVLV� IRU� WKH�PRGHOV��7KHUHIRUH�� WKHVH�GLDJUDPV�ZHUH�XVHG� WR�H[SHGLWH� WKH�VWRU\ERDUG�SURFHVV�� �7KLV�ZDV�DFFRPSOLVKHG�E\� GLJLWL]LQJ� WKH� SLFWRULDO� GUDZLQJV� XVLQJ� D� VFDQQHU�� � 7KH� VFDQV�ZHUH� WKHQ� LPSRUWHG� LQWR�$GREH�3KRWRVKRS�DQG�PDQLSXODWHG� LQWR�DVVHPEO\�VWHSV����)LJ���
�� 352'8&7,217KH� SURGXFWLRQ� F\FOH� RI� WKH� SURFHVV� LQFOXGHG� PRGHOLQJ��DQLPDWLQJ��OLJKWLQJ��PDWHULDOV��DQG�UHQGHULQJ��$OO�RI�WKLV�ZDV�GRQH�LQ� �'�6WXGLR�0D[�� � �'�6WXGLR�0D[�ZDV�XVHG�EHFDXVH� WKH� WHDP�KDG� SURILFLHQW� NQRZOHGJH� E\� WKH� JURXS�PHPEHUV� DQG� EHFDXVH� LW�LQWHUIDFHG�QLFHO\�ZLWK�&XOW�'�� �7KH� ILUVW� WKLQJ� WKH� WHDP�GLG�ZDV�PRGHO�WKH�VFHQHV��)LJ����

$V�WKH�PRGHOLQJ�ZDV�EHLQJ�FRPSOHWHG��WKH�PRGHOV�ZHUH�H[SRUWHG�RXW� RI� � �'� 6WXGLR� 0D[� LQWR� &XOW�'� VR� WKDW� WKH� SURGXFWLRQ� LQ�&XOW�'� FRXOG� EHJLQ��:LWKLQ� &XOW�'� HYHQWV�ZHUH� VHWXS� WR� DOORZ�WKH�XVHU�WR�PDQLSXODWH�WR�PRGHOV�ZLWK�WKH�FOLFN�RI�D�PRXVH���2QFH�HYHQWV� ZHUH� VHWXS�� ,QWHUQHW� UHDG\� ILOHV� ZHUH� H[SRUWHG� IURP�&XOW�'��$OVR��DV�WKH�PRGHOV�ZHUH�EHLQJ�SURGXFHG��D�SDUWV�OLEUDU\�RI� WKH� LQGLYLGXDO� SLHFHV� ZDV� GHYHORSHG�� � /DVW� WKH� GHWDLOV� ZHUH�DQLPDWHG� DFFRUGLQJ� WR� WKH� FRUUHFW� DVVHPEOHG� SURFHVV�� WH[WXUHG�ZLWK� UHDOLVWLF�PDWHULDO� OLEUDU\� RI� ELWPDSV�� OLJKWHG� DFFRUGLQJ� WR� D�SUH�GHILQHG�OLJKWLQJ�VFKHPH�GHYHORSHG�E\�3URIHVVRU�6FRWW�0HDGRU�RI� 3XUGXH�8QLYHUVLW\�� DQG� UHQGHUHG� IUDPH� E\� IUDPH� WR� FRPSOHWH�WKH�HQWLUH�DQLPDWLRQ���)LJ���
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�� 3267�352'8&7,21
7KH�ILUVW�VWHS�LQ�WKH�SRVW�SURGXFWLRQ�SURFHVV�ZDV�WR�DGG�ODEHOV�WR�WKH�DOUHDG\�UHQGHUHG�IUDPHV�� �7KH�SXUSRVH�RI� WKHVH� ODEHOV�ZDV�WR�LQIRUP�WKH�XVHU�RI�WKH�LQGLYLGXDO�SLHFH�QDPHV�DV�WKH�FRQVWUXFWLRQ�GHWDLO�ZDV�EXLOW���2QFH�WKH�ODEHO�IUDPHV�ZHUH�FRPSOHWHG��DOO�RI�WKH�ODEHOHG� IUDPHV� DORQJ� ZLWK� WKH� UHQGHUHG� WDUJD� VHTXHQFHV� ZHUH�LPSRUWHG�LQWR�$GREH�3UHPLHUH���+HUH�WKH�WLPLQJ�ZDV�PDQLSXODWHG�WR� SURGXFH� D� ILQDO� FXW� RI� WKH� DQLPDWLRQ�� 7KLV� ILQDO� FXW�ZDV� WKHQ�RXWSXWWHG�DV�DQ�XQFRPSUHVVHG�$9,�DQG�EURXJKW�LQWR�$GREH�$IWHU�(IIHFWV�IRU�ILQLVKLQJ�WRXFKHV��)LJ��������+HUH�FRORU��EULJKWQHVV��DQG�FRQWUDVW�ZHUH�EURXJKW�WR�RSWLPDO�OHYHOV���$OVR�WKH�ILQDO�UHQGHU�IRU�WKH� ZHE� ZDV� SURGXFHG� KHUH�� � 7KH� ILQDO� DQLPDWLRQV� HQGHG� XS�VWD\LQJ�DW�IXOO�UHVROXWLRQ�����[�����\HW�ZHUH�XQGHU��0%���

7KH� ILQDO� VWHSLPSOHPHQW� WKHGULYHQ�ZHE�SD7KH� ZHE� LPSGDWDEDVH�ZDV�

D�0LFURVRIW�$FFHVV� GDWDEDVH� WR�JHQHUDWH� WKH�ZHE�SDJH��7KH�ZHE�SDJH� ZDV� ZULWWHQ� LQ� +70/� WKDW� ZDV� JHQHUDWHG� ZLWKLQ� WKH� $63�FRGH�� 7KH� ILOHV� ZHUH� SODFHG� LQ� D� IROGHU� RQ� D� VHUYHU�� ZKLFK� ZDV�WKHQ� UHIHUHQFHG� ZLWKLQ� WKH� $FFHVV� GDWDEDVH�� :KHQ� D� ILOH� ZDV�DGGHG� WR� WKH� GDWDEDVH� WDEOH�� WKH� ZHE� SDJH� JHQHUDWHG� WKH� ILOH��ZKHWKHU�LW�ZDV�DQ�$9,��&XOW�'��RU�D�MSHJ��$Q\WKLQJ�DGGHG�WR�WKH�WDEOH� LQ� WKH�FRUUHFW�FROXPQ�ZDV�DXWRPDWLFDOO\�SODFHG�RQ� WKH�ZHE�SDJH� ZLWK� WKH� FRUUHFW� OLQNV�� 7KH� &XOW� ILOHV� DUH� HQFRGHG� LQWR� D�IUDPH�RQ� WKH�ZHE�SDJH��7KH�$9,�ILOHV�DUH�RSHQHG�ZLWK�:LQGRZV�0HGLD�3OD\HU�
�� 6859(<�6(783,Q� RUGHU� WR� HYDOXDWH� WKH� HIIHFWLYHQHVV� RI� WKH� JURXS¶V� SURGXFW�� D�VXUYH\�ZDV�FUHDWHG���7KLV�VXUYH\�FRPSDUHG�WKH�DELOLW\�RI�HQG�XVHUV�WR� UHPHPEHU� FRQVWUXFWLRQ� DVVHPEOLHV� DIWHU� VHHLQJ� D� GLDJUDP�YHUVXV�ZDWFKLQJ�DQ�DQLPDWLRQ�� �7KLV�WHVW�ZDV�GRQH�RQ�OLQH��XVLQJ�WKH�7HVW�3LORW�VRIWZDUH�
7KHUH�ZHUH�WZR�WHVW�YHUVLRQV��8VHUV�RI�ERWK�WHVWV�ZHUH�ILUVW�DVNHG�D�VHULHV� RI� URXWLQH� TXHVWLRQV�� � 7KHVH� TXHVWLRQV� ZHUH� RI� D�GHPRJUDSKLF�QDWXUH��$IWHU� ILYH�RI� WKHVH�ZDUP�XS�TXHVWLRQV�� WKH\�ZHUH� JLYHQ� VL[� DFWXDO� WHVW� TXHVWLRQV�� � 7KH\� ZHUH� DVNHG� ILUVW� WR�VWXG\� D� SLFWRULDO� GLDJUDP� RI� D� FRQVWUXFWLRQ� DVVHPEO\�� � 7KHVH�GLDJUDPV�ZHUH�RXU� WHDP¶V�EDVLV� IRU�ZKDW� LV�³QRUPDOO\´�VKRZQ�WR�VWXGHQWV�OHDUQLQJ�FRQVWUXFWLRQ�SUDFWLFHV���7KH\�ZHUH�DOVR�WKH�EDVLV�IURP�ZKLFK�DOO�RI�RXU�DQLPDWLRQV�ZHUH�PDGH�� �$IWHU�VWXG\LQJ�WKH�GLDJUDP�� WKH� XVHU� ZDV� VKRZQ� D� WKUHH�GLPHQVLRQDO� PRGHO� RI� WKH�GLDJUDP� WKH\� KDG� MXVW� VHHQ� DQG� DVNHG� ZKHWKHU� RU� QRW� LW� ZDV�FRUUHFW���7KHVH�PRGHOV�ZHUH�GRQH�XVLQJ�WKH�&XOW�'�WKDW�FRXOG�EH�URWDWHG��]RRPHG��GLVDVVHPEOHG��DQG�PRYHG�DURXQG�LQ�DQ\�ZD\�WKH�XVHU� GHVLUHG�� �7KH�&XOW�'�VRIWZDUH�SURYLGHG� WKH�EHVW� VLPXODWLRQ�RI�UHDO�OLIH�WKDW�FRXOG�EH�DWWDLQHG�LQ�D�FRPSXWHU�WHVW�HQYLURQPHQW��$IWHU� WKH� WHVW�VXEMHFWV�KDG JRQH�WKURXJK�WKUHH�GLDJUDPV�DQG�&XOW�

)LJXUH��� /LJKWLQJ�6FKHPDWLF
)LJXUH��� /LJKWLQJ�	�0DWHULDOV
� RI� WKH� SRVW�SURGXFWLRQ� VWDJH� DQG� SURMHFW� ZDV� WR�VH� DQLPDWLRQV� DQG�&XOW�'�PRGHOV� LQWR� D� GDWDEDVH�JH�OHPHQWDWLRQ� SURFHVV� XVHG� D� G\QDPLF� GDWDEDVH�� 7KH�ZULWWHQ�XVLQJ�$63��$FWLYH�6HUYHU�3DJHV���$63 XVHG�

PRGHOV��WKH\�ZHUH�VZLWFKHG�WR�DQLPDWLRQV���7KH�XVHUV�ZHUH�DVNHG�WR� VWXG\� WKH� DQLPDWLRQ� SURYLGHG�� ZDWFKLQJ� LW� DV� PDQ\� WLPHV� DV�WKH\� OLNHG�� � :KHQ� ILQLVKHG�� DV� EHIRUH�� D� &XOW�'� PRGHO� RI� WKH�DQLPDWLRQ� WKH\�KDG�EHHQ� VKRZQ�ZDV�GLVSOD\HG�� �7KH\�ZHUH� WKHQ�DVNHG�WR�VWDWH�ZKHWKHU�RU�QRW�WKDW�PRGHO�ZDV�EXLOW�FRUUHFWO\���
7KH� VHFRQG� WHVW� ZDV� WKH� VDPH� OD\RXW� DV� WKH� ILUVW� WHVW� RQO\� ZLWK�GLIIHUHQW� TXHVWLRQV�� � )RU� WKLV� WHVW�� WKH� VXEMHFWV� RI� WKH� TXHVWLRQV�ZHUH�UHYHUVHG���7KH�GLDJUDPV�XVHG�LQ�WKLV�WHVW�ZHUH�SLFWRULDO�YLHZV�RI� WKH�DQLPDWLRQV�VKRZQ�LQ� WKH�ILUVW� WHVW�� �7KH�VDPH�ZDV� WUXH�IRU�WKH�VHFRQG�WKUHH�TXHVWLRQV��WKH�PRYLHV�VKRZQ�ZHUH�DQLPDWLRQV�RI�WKH� WKUHH� GLDJUDPV� VKRZQ� LQ� WKH� ILUVW� WHVW�� �7KLV� JDYH� UHVXOWV� IRU�WKH�DQDO\VLV�RI�VL[�FRQVWUXFWLRQ�DVVHPEOLHV�ZLWK�GLDJUDP�GDWD�DQG�DQLPDWLRQ�GDWD�IRU�HDFK���%RWK�WHVWV�KDG�WZR�DGGLWLRQDO�TXHVWLRQV�DW�WKH�HQG�RI�WKH�WHVW���7KHVH�ZHUH�WR�VXUYH\�WKH�XVHU¶V�SUHIHUHQFH�DQG�RSLQLRQ�WRZDUGV�WKH�DQLPDWLRQV�YHUVXV�WKH�SLFWRULDO�GUDZLQJV���
��� 5HVXOWV
)RU� WKLV� WHVW� WR� EH� HIIHFWLYH�� LW� ZDV� FULWLFDO� WKDW� DOO� PHGLD� W\SHV�EHWZHHQ� HDFK� VXUYH\� EH� FRQVLVWHQW� ZLWK� HDFK� RWKHU�� � 7KH�DQLPDWLRQ��GLDJUDP��DQG�&XOW�'�PRGHO�DOO�KDG� WR�EH�FRQVWUXFWHG�ZLWK�SUHFLVLRQ���7KH�RQO\�H[FHSWLRQ�ZDV�IRU�WKRVH�&XOW�PRGHOV�WKDW�ZHUH� LQWHQWLRQDOO\�PRGHOHG�ZURQJ�� �'XULQJ�WKH�DGPLQLVWUDWLRQ�RI�

)LJXUH��� $9,�&RPSRVLWLRQ
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WKH�WHVW��LW�ZDV�UHDOL]HG�WKDW�DQ�HUURU�LQ�REHHQ� PLVVHG�� � 7KH� GLDJUDP� DQG� WKH� &XDVVHPEO\� ERWK� KDG� D� GRXEOH� WRS� SODWDQLPDWLRQ�GLG�QRW���7KHUH�ZDV�QR�ZD\�WRWHVW� RU� DOWHU� WKH� GDWD� DIWHU� WKH� WHVW� WR� FRUWKDW�TXHVWLRQ�ZDV�WKURZQ�RXW���
7KH� WDUJHW� VDPSOH� IRU� WKH� VXUYH\V� ZDV�VXUYH\�� � 7KH� WXUQRXW� IRU� WKH� VXUYH\�H[SHFWHG�� UHVXOWLQJ� LQ� D� VDPSOH� VL]H�RI��JLYH� WKH� ILQDO� GDWD�PRUH�YDOLGLW\�� HYHQ�ZRQH�TXHVWLRQ���$�WRWDO�RI�����GDWD�SRLQWV�Z
,W� ZDV� IRXQG� WKDW� WKH� DQLPDWLRQV� FDXVHGLQFUHDVH� LQ� FRPSUHKHQVLRQ� RYHU� WKH� GLDLOOXVWUDWLRQV�� �,W�ZDV�DOVR�REVHUYHG�WKDW�WKSRVLWLYH�HIIHFW�RQ�WKRVH�DVVHPEOLHV�WKDW�Z)RU� H[DPSOH�� WKH�PDVRQU\� ILUHSODFH� PRGFRPSOH[� DVVHPEO\�� KDG� D� ���� LQFUHDVH�WKH�DQLPDWLRQ�� �+RZHYHU��ZLWK�WKH�ZLQGRLV�D�UHODWLYHO\�VLPSOH�PRGHO��WKHUH�ZDV�RZLWK� WKH�DQLPDWLRQV�� �&RUUHFW�DQVZHUV�ZWR� EHJLQ� ZLWK�� KDYLQJ� ���� RI� WKH� WHFRUUHFWO\� ZLWK� GLDJUDPV�� DQG� ���� DQDQLPDWLRQV���7KH� ILQDO� WZR� TXHVWLRQV�SURYLGHG�YHU\� HXVHUV� ZHUH� DVNHG�� ³'R� \RX� IHHO� WKDW� LW�FRQVWUXFWLRQ� DVVHPEO\� PHWKRGV� IURP� ORZDWFKLQJ� WKH�PRYLH�´� ���� UHVSRQGHG� WKIURP� WKH�PRYLH�� �:KHQ�XVHUV�ZHUH� DVNHWKLV� PDWHULDO� LQ� D� FODVVURRP�� GR� \RX� WKL
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International Confe
7DEOH��� ��RI�&RUUHFW�$QVZHUV
QH�RI�WKH�DQLPDWLRQV�KDG�OW� PRGHO� IRU� WKH� KHDGHU�H� RQ� WKH� ZDOO�� EXW� WKH��IL[�WKLV�HUURU�GXULQJ�WKH�UHFW� IRU� WKLV�PLVWDNH�� VR�
��� SHRSOH�� ��� IRU� HDFK�ZDV� PXFK� KLJKHU� WKDQ����SHRSOH�� �7KLV� VKRXOG�LWK� WKH� H[FOXVLRQ�RI� WKH�HUH�FROOHFWHG��
� DQ� DYHUDJH� RI� D� ������JUDPV� ERWK� �'� DQG� �'�H�DQLPDWLRQ�KDG�D�PRUH�HUH�SDUWLFXODUO\�FRPSOH[���HO�� ZKLFK�ZDV� WKH�PRVW�LQ� FRUUHFW� DQVZHUV� ZLWK�Z�WULP�DVVHPEO\��ZKLFK�QO\�D������LPSURYHPHQW�LWK� WKLV�PRGHO�ZHUH�KLJK�VW� UHFLSLHQWV� DQVZHULQJ�VZHULQJ� FRUUHFWO\� ZLWK�
QFRXUDJLQJ�GDWD�� �:KHQ�ZDV� HDVLHU� WR� OHDUQ� WKH�RNLQJ� DW� WKH� GLDJUDP� RU�DW� LW�ZDV� HDVLHU� WR� OHDUQ�G�� ³,I� \RX�ZHUH� OHDUQLQJ�QN� WKH� DQLPDWLRQ�ZRXOG�

KHOS�EHWWHU� IDFLOLWDWH�\RXU�XQGHUVWDQGLQJ�RI� WKH�PDWHULDO�´�DOO�����SHRSOH�������RI�WKH�UHVSRQGHQWV��DQVZHUHG�<(6�
��� $XGLHQFH
7KH� DXGLHQFH� H[SHFWHG� WR� XWLOL]H� WKH� HGXFDWLRQDO� WRRO� LV� WKDW� RI�VWXGHQWV��DSSUHQWLFH�FDUSHQWHUV��DQG��LQGXVWU\�SURIHVVLRQDOV���7KLV�JURXS�RI�SHRSOH�VWDQGV�WR�EHQHILW�JUHDWO\�IURP�WKH�SURGXFW�DQG�LWV�SUDFWLFHV�
����� 6WXGHQWV
7KH� VWXGHQWV� LQ� WKH� DXGLHQFH� ZLOO� EH� WKRVH� ZKR� DUH� FXUUHQWO\�DWWHQGLQJ�D�FROOHJH�RU�XQLYHUVLW\�DQG�DUH�IRFXVLQJ�WKHLU�VWXGLHV�RQ�&LYLO� (QJLQHHULQJ�� &RQVWUXFWLRQ� 0DQDJHPHQW� (QJLQHHULQJ� DQG�%XLOGLQJ� &RQVWUXFWLRQ� 0DQDJHPHQW� 7HFKQRORJ\�� � 2QO\� D� VPDOO�SHUFHQWDJH� RI� VWXGHQWV� JHW� WKH� RSSRUWXQLW\� WR� YLVLW� ZRUN� RQ� DQ�DFWXDO�MRE�VLWH�WKURXJK�FRRSV�DQG�LQWHUQVKLSV���7KLV�OHDYHV�D�ODUJH�QXPEHU�RI�VWXGHQWV�WKDW�ZLOO�UHFHLYH�D�FROOHJH�GHJUHH�ZLWKRXW�HYHU�JDLQLQJ� RQ�WKH�MRE� WUDLQLQJ� RU� UHDO�ZRUOG� H[SHULHQFH�� � 7KLV� QHZ�WRRO�ZLOO�EHQHILW� WKHP�E\�SURYLGLQJ�DQ�RSSRUWXQLW\� LQ� WKH�YLUWXDO�ZRUOG�WR�DFTXLUH�NQRZOHGJH�RI�WKH�EXLOGLQJ�FRQVWUXFWLRQ�PHWKRGV��ZKLFK�ZLOO�PDNH�WKHP�PRUH�SUHSDUHG�WR�ZRUN�LQ�LQGXVWU\�
����� ,QGXVWULDO�3URIHVVLRQDOV
7KH� SURIHVVLRQDO� DXGLHQFH� ZLOO� EH� FRPSRVHG� RI� LQGLYLGXDOV� WKDW�DUH� FXUUHQWO\� HPSOR\HG� LQ� WKH� EXLOGLQJ� FRQVWUXFWLRQ� LQGXVWU\���
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7KHUH� ZLOO� EH� VRPH� LQGLYLGXDOV� WKDW� KDYH� KDG� IRUPDO� WUDLQLQJ�DOUHDG\�� DORQJ�ZLWK� RWKHUV� WKDW� DUH�QHZ� WR� WKH� LQGXVWU\�DQG�QHHG�PRUH�LQVWUXFWLRQ���2WKHU�SURIHVVLRQDOV�LQ�WKH�LQGXVWU\�PD\�XVH�RXU�SURGXFW�WR�WHDFK�EXLOGLQJ�WHFKQLTXHV�DQG�SUDFWLFHV�WR�QRQ�(QJOLVK�VSHDNLQJ� LQGLYLGXDOV�� � 7KH� LQWHQGHG� JRDO� LV� WR� LQVWUXFW�FRQVWUXFWLRQ�LQGLYLGXDOV�LQ�WKH�QHLJKERULQJ�DUHD�DQG�WR�LPSOHPHQW�WKH� HGXFDWLRQDO� WRRO� LQ� D� ODUJH� FLW\�ZKHUH� FRQVWUXFWLRQ� SUDFWLFHV�DQG� LQGLYLGXDOV� DUH� YHU\� GLYHUVH�� 7KH� DXWKRU� KDV� PDGH� VHYHUDO�FRQQHFWLRQV�ZLWK�FRQVWUXFWLRQ�ILUPV�LQ�$WODQWD�*HRUJLD�DQG�LQ�WKH�QHLJKERULQJ� FLWLHV� DURXQG� 3XUGXH� 8QLYHUVLW\�� ,Q� WKH� FDVH� RI�$WODQWD�� WKH\�ZRXOG� EH� XVLQJ� WKH� SURGXFW� WR� EUHDN� WKH� ODQJXDJH�EDUULHUV� WKDW� H[LVW� LQ� WKH� LQGXVWU\� ERWK� IRU� WKH� UHVLGHQWLDO� DQG�FRPPHUFLDO�DUHDV�RI�FRQVWUXFWLRQ�
�� &21&/86,216
7KH�SURFHVV�RI�GHVLJQLQJ� FRQVWUXFWLQJ��DQG�RSHUDWLQJ�EXLOGLQJV�LV�DPRQJ� WKH� OHDVW� FRPSXWHUL]HG� RI� DOO� LQGXVWULHV� /DLVHULQ� >�@���$FFRUGLQJ�WR�(WKLHU�DQG�(WKLHU�>�@��PRGHOLQJ�FDQ�SURYLGH�XV�ZLWK�D� ZLGH� UDQJH� RI� EHQHILWV�� DQG� GHFLGLQJ� RQ� ZKLFK� PRGHOLQJ�SDFNDJH�WR�XVH�IRU�WKH�$(&�LQGXVWU\�FDQ�EH�FKDOOHQJLQJ� ,W�LV�WLPH�WKH�$(&�LQGXVWU\�FDXJKW�XS�ZLWK�WKH�UHVW�RI�WKH�LQGXVWU\��:LWK�WKH�XVH� RI� VLPSOLILHG� JUDSKLFV� LQ� WKH� IRUP� RI� DQLPDWLRQV� DQG� WKUHH�GLPHQVLRQDO� LQWHUDFWLYH� PRGHOV� VWXGHQWV�� DSSUHQWLFHV� DQG�SURIHVVLRQDOV�DOLNH�FDQ�OHDUQ�EXLOGLQJ�FRQVWUXFWLRQ�SUDFWLFHV�PRUH�TXLFNO\� DQG� HDVLO\�� � :LWK� DQ� DYHUDJH� LQIRUPDWLRQ� UHWHQWLRQ�LQFUHDVH�RI�������RYHU�WKH�H[LVWLQJ�VWDQGDUG�ZD\�RI�WHDFKLQJ��LW�LV�FOHDU� DQLPDWLRQV� GHOLYHUHG� RI� WKH� ,QWHUQHW� SURYLGHV� D� PRUH�HIIHFWLYH�ZD\�RI�WHDFKLQJ�DVVHPEOHG�FRQVWUXFWLRQ�GHWDLOV���7KH�HUD�RI� FRQVWUXFWLQJ� EXLOGLQJV� ZLWK� �'� 0XOWLYLHZ� GRFXPHQWDWLRQ� LV�GHFOLQLQJ� DW� DQ� H[WUDQHRXVO\� VORZ� UDWH�� 7KH� $(&� LQGXVWU\�UHFRJQL]HV� WKH� LPSRUWDQFH� RI� FRQVWUXFWLRQ� FRPPXQLFDWLRQ�WKURXJKRXW� WKH�HQWLUH�F\FOH�RI� WKH�VWUXFWXUH���'�PRGHOLQJ�RI� WKDW�VWUXFWXUH�LV�WKH�VROXWLRQ���0RGHOLQJ�UHOD\V�LQIRUPDWLRQ�QRW�RQO\�WR�WKH� GHVLJQ� DUHD�� EXW� WKH� HVWLPDWLRQ�� VFKHGXOLQJ�� DQG� DFWXDO�FRQVWUXFWLRQ� SURFHVV�� 7KHVH� WHVW� RI� FRQVWUXFWLRQ� DVVHPEO\�SURFHVVHV�RQO\�UHDVVXUHV� WKH�DXWKRU¶V�EHOLHIV�WKDW�PRGHOLQJ�LV�WKH�IXWXUH�LQ�$(&�FRQVWUXFWLRQ�FRPPXQLFDWLRQ�DQG�FRPSUHKHQVLRQ��
�� )8785(�:25.7KH�JRDO�RI� WKH�DXWKRU� LV� WR�GHYHORS�VHYHUDO� DQLPDWLRQV� IRU�ERWK�UHVLGHQWLDO� DQG� FRPPHUFLDO� FRQVWUXFWLRQ�� ,PSOHPHQW� D� RQOLQH�FRQVWUXFWLRQ� KHOS� ZHEVLWH� DQG� WHVW� WKH� UHVXOWV� RI� WKH� EHQHILWV� RI�WKRVH� DQLPDWLRQV�� $V� VWDWHG� LQ� WKH� LQGXVWULDO� SURIHVVLRQDOV�� WKH�DXWKRU�KDV�PDGH�VHYHUDO�FRQQHFWLRQV�RI�FRQVWUXFWLRQ�SURIHVVLRQDOV�DQG� FDQ� XWLOL]H� WKHLU� ZRUNIRUFH� IRU� WHVWLQJ�� 7KH� DXWKRU� DOVR� KDV�DFFHVV� WR� VHYHUDO� KXQGUHG� &LYLO� (QJLQHHULQJ�� &RQVWUXFWLRQ�(QJLQHHULQJ� 0DQDJHPHQW�� DQG� %XLOGLQJ� &RQVWUXFWLRQ�0DQDJHPHQW�VWXGHQWV�DW�3XUGXH�8QLYHUVLW\��:LWK�WKH�GLYHUVH�GDWD�VHW��WKH�UHVXOWV�VKRXOG�YDOLGDWH�WKH�QHHG�IRU�DQLPDWHG�SURFHVVHV�IRU�FRQVWUXFWLRQ�YLVXDOL]DWLRQ��
5()(5(1&(6>�@� 0DWWKHZV�� 0�� � $XWR&$'� ����� �'�� �� �VW HG�����������$UL]RQD��7KH�&RULROLV�*URXS��//&�

>�@�0��*LDPEUXQR��³�'�*UDSKLFV�DQG�$QLPDWLRQ��)URP�6WDUW�8S�WR�6WDQGLQJ�2XW´��������1HZ�5LGHUV�3XEOLVKLQJ��,QGLDQDSROLV��,1�
>�@� )DOORQ�� .�� .��� ������� 1RYHPEHU��� 7KH� 6KLIW� WR� ,QWHOOLJHQW�0RGHOLQJ�� 6\PSRVLXP� FRQGXFWHG� DW� WKH� &RPSXWHUV� IRU�&RQVWUXFWLRQ�¶���&RQIHUHQFH��&KLFDJR��,/�
>�@� � /DLVHULQ�� -��� (PHUJLQJ� 6WDQGDUGV� IRU� 'HVLJQ� 'DWD��'LJLWDO� $UFKLWHFW� >RQOLQH@��KWWS���ZZZ�DUFKUHFRUG�FRP�GLJLWDO�GDBDUWLF�GD��B���DVS
>�@� (WKLHU�� 6�� -��� 	� (WKLHU�� &�� $��� �������� $XWR&$'� LQ� ��'LPHQVLRQV����QG HG����1HZ�-HUVH\��3UHQWLFH�+DOO�
%,%/,2*5$3+<$GREH�$IWHUHIIHFWV���´�����1RY��������KWWS���ZZZ�DGREH�FRP�SURGXFWV�DIWHUHIIHFWV�PDLQ�KWPO�
$GREH�$WPRVSKHUH�´�����1RY��������KWWS���ZZZ�DGREH�FRP�SURGXFWV�DWPRVSKHUH�PDLQ�KWPO�
&XOW�'�´�����6HSW���������KWWS���ZZZ�FXOW�G�FRP�
$ERXW�WKH�$XWKRUV&ODUN� &RU\� LV� DQ� $VVLVWDQW� 3URIHVVRU� LQ� WKH� 'HSDUWPHQW� RI�&RPSXWHU� *UDSKLFV� 7HFKQRORJ\� DW� 3XUGXH� 8QLYHUVLW\� LQ� :HVW�/DID\HWWH��,QGLDQD��+H�UHFHLYHG�KLV�$VVRFLDWH�RI�$SSOLHG�6FLHQFH�LQ�%XLOGLQJ�&RQVWUXFWLRQ�0DQDJHPHQW�� D�%DFKHORU�RI�6FLHQFH� LQ�7HFKQLFDO� *UDSKLFV� DQG� D� 0DVWHU� RI� 6FLHQFH� LQ� (GXFDWLRQ�&RPSXWLQJ�IURP�3XUGXH�8QLYHUVLW\��&ODUN¶V�SULPDU\�SURIHVVLRQDO�UHVSRQVLELOLW\� LV� XQGHUJUDGXDWH� LQVWUXFWLRQ� LQ� DUFKLWHFWXUDO� DQG�FRQVWUXFWLRQ� JUDSKLF� FRPPXQLFDWLRQ� DQG� YLVXDOL]DWLRQ�� +H� LV�FXUUHQWO\� KHOSLQJ� GHYHORS� D� &RQVWUXFWLRQ� *UDSKLFV�&RPPXQLFDWLRQ� VSHFLDOW\� DUHD� ZLWKLQ� WKH� &RPSXWHU� *UDSKLFV�'HSDUWPHQW�DW�3XUGXH��3URIHVVRU�&RU\¶V�DUHDV�RI� LQWHUHVW� LQFOXGH�WRSLFV� RQ� WKH� LPSURYHPHQW� RI� FRJQLWLYH� YLVXDOL]DWLRQ� LQ�FRQVWUXFWLRQ�XVLQJ��'�PRGHOV�� WKH� LPSDFW�RI�QHZ� WHFKQRORJ\�RQ�WKH� MREVLWH� RI� FRQVWUXFWLRQ�� DQG� VPDUW� KRXVH� WHFKQRORJ\�� +LV�SUHVHQWDWLRQV� LQFOXGH� QDWLRQDO� DQG� LQWHUQDWLRQDO� FRQIHUHQFHV��+H�FXUUHQWO\� WHDFKHV� FRXUVHV� RQ� �G� PRGHOLQJ� LQ� FRQVWUXFWLRQ��$UFKLWHFWXUDO�GRFXPHQWDWLRQ��GLJLWDO�OLJKWLQJ�DQG�UHQGHULQJ��UDVWHU�JUDSKLFV��DQG�DQLPDWLRQ��&ODUN�KDV�KDG� RYHU����\HDUV�H[SHULHQFH�LQ� WKH�$(&� LQGXVWU\�ZLWK�SRVLWLRQV� UDQJLQJ�IURP�JHQHUDO� ODERUHU�WR�SURMHFW�PDQDJHU�RI����UHVLGHQWLDO�VWUXFWXUHV�SHU�\HDU��(PDLO��FDFRU\#WHFK�SXUGXH�HGX
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