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)LJXUH�����3RQJ�OLNH�JDPH�XVLQJ�D�0RYLQJ%DOO�$FWLYH2EMHFW
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SXEOLF�FODVV�3RQJ�H[WHQGV�:LQGRZ&RQWUROOHU�^
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����������������������������&2857B+(,*+7� ������&2857B:,'7+� �����
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)LJXUH�����6QDSVKRW�RI�WKH�)URJJHU�ODE

8VDJH�RI�2EMHFW'UDZ�LQ�&6���DW�81,
'XULQJ�WKH�)DOO�RI�������WKUHH�VHFWLRQV�RI�&RPSXWHU�6FLHQFH�,�����������DW�WKH�8QLYHUVLW\
RI�1RUWKHUQ�,RZD�XVHG�WKH�2EMHFW'UDZ�SDFNDJH���7KH�FRXUVH�UHTXLUHG�QR�SUHYLRXV
SURJUDPPLQJ�H[SHULHQFH�E\�WKH�VWXGHQWV���7DEOH���VXPPDUL]HV�KRZ�2EMHFW'UDZ�ZDV�XVHG
LQ�WKH�QLQH�RSHQ�ODERUDWRU\�SURJUDPPLQJ�DVVLJQPHQWV�WR�DLG�WKH�VWXGHQWV�LQ�OHDUQLQJ�WR
SURJUDP�
'XULQJ�WKH�ILUVW���ZHHNV��DQG���SURJUDPPLQJ�DVVLJQPHQWV��RI�WKH�FRXUVH��LQVWUXFWLRQ
IRFXVHG�RQ�XVLQJ�WKH�JUDSKLFDO�REMHFWV��)LOOHG5HFW��)LOOHG2YDO��/LQH��7H[W��HWF���ZLWK�WKH
VLPSOLILHG�PRXVH�HYHQWV�RI�2EMHFW'UDZ
V�:LQGRZ&RQWUROOHU�FODVV���2EMHFW'UDZ�DOORZV
IRU�D�WUXO\�REMHFWV�ILUVW�DSSURDFK�WR�WHDFKLQJ�&6���ZLWK�JUDSKLFDO�REMHFWV�EHLQJ�XVHG�IURP
WKH�VWDUW���(DUO\�WRSLFV�LQFOXGH�FUHDWLQJ�REMHFWV��QDPLQJ�REMHFWV��DQG�FDOOLQJ�PXWDWRU
PHWKRGV�RQ�REMHFWV���0RUH��WUDGLWLRQDO��WRSLFV�RI�LQVWDQFH�YDULDEOHV�YV��ORFDO�YDULDEOHV�
IRUPDO�SDUDPHWHUV��QXPHULF�W\SHV���LI��VWDWHPHQWV��DQG�XVDJH�RI�UDQGRP�QXPEHU
JHQHUDWRUV�ZHUH�GLVFXVVHG�DQG�XVHG�GXULQJ�WKLV�SHULRG�
$IWHU�VWXGHQWV�ZHUH�IDPLODU�ZLWK�XVLQJ�REMHFWV�DQG�WKHLU�FRUUHVSRQGLQJ�PHWKRGV��WKH\
ZHUH�VKRZQ�KRZ�WR�LPSOHPHQW�XVHU�GHILQHG�FODVVHV�GXULQJ�ZHHNV���DQG���RI�WKH�FRXUVH�
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6WULQJV��DUUD\V��DQG
FKDUDFWHUV
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LPSOHPHQWHG�DV�DQ�$FWLYH2EMHFW�
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8VDJH�RI�2EMHFW'UDZ
PRXVH�HYHQWV�

0RGLILHG�WKH�VLJQ�IURP�DVVLJQPHQW���WR�PDNH�LW
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8VH�WKH�2EMHFW'UDZ�JUDSKLFDO�REMHFWV�WR�FRQVWUXFW
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�
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7DEOH�����3URJUDPPLQJ�$VVLJQPHQWV



7KH�IRXUWK�SURJUDPPLQJ�DVVLJQPHQW�UHTXLUHG�VWXGHQWV�WR�LPSOHPHQW�D��GLH��FODVV�ZKLFK
ZDV�XVHG�LQ�D�VLPSOH�<DKW]HH�JDPH���7KH�FRQFHSWV�RI�FODVV�GHILQLWLRQ�V\QWD[��SDUDPHWHU
SDVVLQJ��DQG�WKH�GLIIHUHQFH�EHWZHHQ�LQVWDQFH�YDULDEOH�YV��ORFDO�YDULDEOHV�ZDV�VWUHVVHG�LQ
OHFWXUH�
7KH�V\QWD[�DQG�XVDJH�RI��ZKLOH��ORRSV�ZDV�WKH�QH[W�WRSLF���2EMHFW'UDZ�ZDV�XVHIXO�LQ
JUDSKLFDOO\�GHPRQVWUDWLQJ�WKH�SRZHU�DQG�QHFHVVLW\�RI�ORRSLQJ�E\�XVLQJ�H[DPSOHV�WR
GUDZLQJ�������EODGHV�RI�JUDVV�RQ�D�SLFWXUH��HWF���2QFH�VWXGHQWV�ZHUH�FRPIRUWDEOH�ZLWK�WKH
V\QWD[�DQG�VHPDQWLFV�RI�LWHUDWLRQ���ZKLOH��ORRSV�ZHUH�XVHG�LQ�2EMHFW'UDZ
V�$FWLYH2EMHFWV
�UXQ��PHWKRG��VHH�)LJXUH���D��IRU�DQ�H[DPSOH����,Q�FODVV�FRYHUDJH�RI�LWHUDWLRQ�DQG
$FWLYH2EMHFWV�UHTXLUHG�ZHHNV���DQG����EXW�GXH�GDWHV�RI�SURJUDPPLQJ�DVVLJQPHQWV���DQG
��H[WHQGHG�WKURXJK�ZHHN�����$VVLJQPHQWV���DQG���ZHUH�FKDOOHQJLQJ�IRU�WKH�VWXGHQWV���7ZR
ZHHNV�IRU�HDFK�DVVLJQPHQW�ZRXOG�KDYH�EHHQ�EHWWHU���6HYHUDO�VWXGHQWV�GURSSHG�DERXW�WKLV
WLPH�SUREDEO\�GXH�WR�WKH�GLIILFXOW\�RI�WKHVH�DVVLJQPHQWV��
7KH�WUDGLWLRQDO�WRSLFV�RI�-DYD�LQWHUIDFHV��$:7�OD\RXW�PDQDJHUV��$:7�*8,�FRPSRQHQWV
ZHUH�FRYHUHG�GXULQJ�ZHHNV���DQG������3URJUDPPLQJ�DVVLJQPHQW���DQG�PDQ\�RI�WKH
LQ�FODVV�H[DPSOHV�XVHG�$:7�FRPSRQHQWV�WR�PRGLI\�FKDUDFWHULVWLFV��H�J���&KRLFH�IRU
FRORU��6FUROOEDUV�IRU�EDOO�VSHHG�LQ�WKH�;�DQG�<�GLUHFWLRQ��RI�2EMHFW'UDZ�REMHFWV���7KH
7KH�2EMHFW'UDZ�:LQGRZ&RQWUROOHU�XVHV�WKH�%RUGHU/D\RXW�PDQDJHU�ZLWK�WKH��FDQYDV�
EHLQJ�LQ�SRVLWLRQ�%RUGHU/D\RXW�&(17(5���
7KH�LQWURGXFWLRQ�WR�UHFXUVLRQ�GXULQJ�ZHHN����XWLOL]HG�2EMHFW'UDZ�JUDSKLFV�WR�KHOS
VWXGHQWV�OHDUQ�WKLV�FRQIXVLQJ�WRSLF���5HFXUVLYH�JUDSKLFV�H[DPSOHV�LQFOXGLQJ�D�%URFFLO
SODQW�DQG�1HVWHG6TXDUHV��UHFXUVLYHO\�GUDZ�D�VHULHV�RI�VPDOOHU�VTXDUHV�ZLWKLQ�D�ODUJHU
RQH����7KH�1HVWHG6TXDUHV�H[DPSOH�ZDV�D�JRRG�LQWURGXFWLRQ�WR�UHFXUVLYH�GDWD�VWUXFWXUHV
VLQFH�LWV�LQVWDQFH�YDULDEOHV�LQFOXGHG�D�)UDPHG5HFW�VTXDUH�DQG�D�UHIHUHQFH�WR�WKH
1HVWHG6TXUH�QHVWHG�LQVLGH�RI�LW�
'XULQJ�WKH�UHPDLQLQJ�ZHHNV�RI�WKH�FRXUVH��WUDGLWLRQDO�WRSLFV�RI�-DYD�6WULQJV��$UUD\V�
VHDUFKLQJ��DQG�VRUWLQJ�ZHUH�FRYHUHG���/LWWOH�2EMHFW'UDZ�XVDJH�ZDV�GRQH�GXULQJ�WKLV
SHULRG�RI�WKH�FRXUVH�

&RQFOXVLRQV
7KH�2EMHFW'UDZ�SDFNDJH�LV�D�YLDEOH�RSWLRQ�IRU�WHDFKLQJ�-DYD�XVLQJ�DQ��REMHFWV�ILUVW�
DSSURDFK�LQ�&6�����1RW�VXUSULVLQJO\��VWXGHQWV�FRPSOHWLQJ�WKH�FRXUVH�VHHPHG�WR�KDYH�D
VOLJKWO\�EHWWHU�KDQGOH�RQ�XVLQJ�DQG�FUHDWLQJ�FODVVHV�RI�REMHFWV���7KLV�LV�SUREDEO\�GXH�WKH
ORQJHU�H[SRVVXUH�DW�XVLQJ�WKHP���7KH�WUDGHRII�LV�WKH�GHOD\HG�FRYHUDJH�RI�WUDGLWLRQDO�WRSLFV
RI�VWULQJV�DQG�DUUD\V�
2EMHFW'UDZ�GLG�QRW�SURYH�WR�EH�WKH�VLOYHU�EXOOHW�IRU�LPSURYLQJ�WKH�DWWULWLRQ�UDWH�LQ�WKH
&6���FRXUVH���:H�KDG�KRSHG�WKDW�WKH�JUDSKLFDO�DQG�HYHQW�GULYHQ�QDWXUH�RI�2EMHFW'UDZ
ZRXOG�HQFRXUDJH�D�KLJKHU�SHUFHQWDJH�RI�&6���VWXGHQWV�WR�FRQWLQXH�RQ�WR�&6������+RZHYHU�



ZH�GLG�QRW�VHH�DQ\�LPSURYHPHQW�IRU�WKLV�VHPHVWHU���)XUWKHU�WUDFNLQJ�RI�DWWULWLRQ�UDWHV�LV
QHHGHG�IRU�ODWHU�VHPHVWHUV�

5HIHUHQFHV
����%UXFH�.���'DQ\OXN�$���DQG�0XUWDJK��7������������$�OLEUDU\�WR�VXSSRUW�D�JUDSKLFV�EDVHG
REMHFW�ILUVW�DSSURDFK�WR�&6������3URFHHGLQJV�RI�WKH���QG�6,*&6(�7HFKQLFDO�6\PSRVLXP
RQ�&RPSXWHU�6FLHQFH�(GXFDWLRQ���SS�������
����%UXFH�.���'DQ\OXN�$���DQG�0XUWDJK��7������������(YHQW�GULYHQ�SURJUDPPLQJ�FDQ�EH
VLPSOH�HQRXJK�IRU�&6������,7L&6(������3URFHHGLQJV���SS�������
����)LHQXS��0���6HSW���������5HWKLQNLQJ�WKH�&6���&RXUVH�ZLWK�DQ�2EMHFW�2ULHQWHG
)RFXV���6,*&6(�%XOOHWLQ���SS��������



$SSHQGL[�$���6XPPDU\�RI�*UDSKLF�2EMHFWV�DQG�0HWKRGV �
&RQVWUXFWRUV�IRU�$X[LOOLDU\�&ODVVHV

%XLOG�D�FRRUGLQDWH�SDLU�REMHFW�IRU
WKH�SRLQW��[�\���QHZ�/RFDWLRQ�[�\�����

0L[�D�QHZ�FRORU��3DUDPHWHU
YDOXHV�DUH�QXPEHUV�EHWZHHQ��
DQG�������

QHZ�&RORU�UHGQHVV��JUHHQQHVV��EOXHQHVV����

$FFHVVRU�0HWKRGV�IRU�$X[LOOLDU\�&ODVVHV

'HWHUPLQH�WKH�GLVWDQFH
EHWZHHQ�WZR�SRLQWV��

VRPH/RFDWLRQ�GLVWDQFH7R�DQRWKHU/RFDWLRQ�
�

$FFHVV�HLWKHU�RI�WKH
HOHPHQWV�RI�D�FRRUGLQDWH
SDLU���

VRPH/RFDWLRQ�JHW;���
VRPH/RFDWLRQ�JHW<���
�

$FFHVV�DQ\�RI�WKH�FRORU
YDOXHV�DVVRFLDWHG�ZLWK�D
&RORU���

VRPH&RORU�JHW5HG���
VRPH&RORU�JHW*UHHQ���
VRPH&RORU�JHW%OXH���

&RQVWUXFWRUV�IRU�*UDSKLF�2EMHFWV
7KH�SDUDPHWHUV�WR�D�UHFWDQJOH�RU�RYDO�FRQVWUXFWRU�GHVFULEH�WKH�UHFWDQJOH�ERXQGLQJ�WKH
REMHFW�WR�EH�GUDZQ��<RX�FDQ�HLWKHU��

Z� 6SHFLI\�WKH�FRRUGLQDWHV�RI�WKH�UHFWDQJOH
V�XSSHU�OHIW�FRUQHU�WRJHWKHU�ZLWK�WKH�ZLGWK
DQG�KHLJKW��RU�

Z� 6SHFLI\�WKH�FRRUGLQDWHV�RI�WZR�RSSRVLWH�FRUQHUV��
<RX�FDQ�ILOO�WKHVH�VKDSHV�RU�MXVW�IUDPH�WKHLU�SHULPHWHUV�

QHZ�)UDPHG5HFW��[��\��ZLGWK��KHLJKW��FDQYDV��
QHZ�)LOOHG5HFW��[��\��ZLGWK��KHLJKW��FDQYDV��
QHZ�)UDPHG2YDO��[��\��ZLGWK��KHLJKW��FDQYDV��
QHZ�)LOOHG2YDO��[��\��ZLGWK��KHLJKW��FDQYDV��
QHZ�)UDPHG5HFW��FRUQHU�/RFDWLRQ��FRUQHU�/RFDWLRQ��FDQYDV��
QHZ�)LOOHG5HFW��FRUQHU�/RFDWLRQ��FRUQHU�/RFDWLRQ��FDQYDV��
QHZ�)UDPHG2YDO��FRUQHU�/RFDWLRQ��FRUQHU�/RFDWLRQ��FDQYDV��
QHZ�)LOOHG2YDO��FRUQHU�/RFDWLRQ��FRUQHU�/RFDWLRQ��FDQYDV��
QHZ�)UDPHG5HFW��FRUQHU/RFDWLRQ��ZLGWK��KHLJKW��FDQYDV�
QHZ�)LOOHG5HFW��FRUQHU/RFDWLRQ��ZLGWK��KHLJKW��FDQYDV��
QHZ�)UDPHG2YDO��FRUQHU/RFDWLRQ��ZLGWK��KHLJKW��FDQYDV��
QHZ�)LOOHG2YDO��FRUQHU/RFDWLRQ��ZLGWK��KHLJKW��FDQYDV���



$�OLQH�LV�GHVFULEHG�E\�JLYLQJ�LWV�HQG�SRLQWV�
QHZ�/LQH��VWDUW;��VWDUW<��HQG;��HQG<��FDQYDV���
QHZ�/LQH��VWDUW/RFDWLRQ��HQG/RFDWLRQ��FDQYDV���

$�WH[W�REMHFW�LV�VSHFLILHG�E\�WKH�FRRUGLQDWHV�RI�LWV�XSSHU��OHIWPRVW�SRLQW�

QHZ�7H[W���VRPH�PHVVDJH���[��\��FDQYDV���
QHZ�7H[W���VRPH�PHVVDJH���EDVH/RFDWLRQ��FDQYDV���
�

0HWKRGV�$YDLODEOH�IRU�$OO�*UDSKLF�2EMHFWV

$FFHVV�RU�FKDQJH�DQ�REMHFW
V
FRORU��

VRPH2EMHFW�JHW&RORU����
VRPH2EMHFW�VHW&RORU��VRPH&RORU������

$OWHU�WKH�VWDFNLQJ�RUGHU�WKDW
FRQWUROV�KRZ�RYHUODSSLQJ�REMHFWV
DSSHDU���

VRPH2EMHFW�VHQG)RUZDUG����
VRPH2EMHFW�VHQG7R)URQW����
VRPH2EMHFW�VHQG%DFNZDUG����
VRPH2EMHFW�VHQG7R%DFN����

'HOHWH�REMHFW�IURP�LWV�FDQYDV���VRPH2EMHFW�UHPRYH)URP&DQYDV����

0DNH�DQ�REMHFW�LQYLVLEOH�RU
YLVLEOH�RQ�WKH�GLVSOD\���

VRPH2EMHFW�KLGH����
VRPH2EMHFW�VKRZ����

'HWHUPLQH�LI�DQ�REMHFW
V
ERXQGLQJ�ER[�FRQWDLQV�D�SRLQW���VRPH2EMHFW�FRQWDLQV��VRPH/RFDWLRQ���

0RYH�DQ�REMHFW�WR�SRLQW�VSHFLILHG
E\�FRRUGLQDWHV���

VRPH2EMHFW�PRYH7R��[��\���
VRPH2EMHFW�PRYH7R��VRPH/RFDWLRQ���

0RYH�DQ�REMHFW�UHODWLYH�WR�LWV
FXUUHQW�SRVLWLRQ���VRPH2EMHFW�PRYH��[2IIVHW��\2IIVHW���

0HWKRGV�$YDLODEOH�IRU�$OO���'�*UDSKLF�2EMHFWV��LQFOXGLQJ�7H[W��EXW�QRW�/LQH�

$FFHVV�WKH�GLPHQVLRQV�RI�DQ
REMHFW
V�ERXQGLQJ�UHFWDQJOH��

VRPH2EMHFW�JHW:LGWK����
VRPH2EMHFW�JHW+HLJKW������

$FFHVV�FRRUGLQDWHV�RI�WKH�XSSHU
OHIW�FRUQHU�RI�DQ�REMHFW
V�ERXQGLQJ
UHFWDQJOH���

VRPH2EMHFW�JHW;����
VRPH2EMHFW�JHW<����
VRPH2EMHFW�JHW/RFDWLRQ����

0HWKRGV�$YDLODEOH�IRU�5HVL]DEOH���'�*UDSKLF�2EMHFWV��QRW�7H[W�
&KDQJH�WKH�GLPHQVLRQV�RI�DQ
REMHFW
V�ERXQGLQJ�UHFWDQJOH��

VRPH2EMHFW�VHW:LGWK��QHZ:LGWK���
VRPH2EMHFW�VHWKHLJKW��QHZ+W���



0XWDWRU�0HWKRGV�IRU�/LQHV

&KDQJH�HLWKHU�RU�ERWK�RI�D
OLQH
V�HQG�SRLQWV��

VRPH/LQH�VHW6WDUW��VRPH/RFDWLRQ����
VRPH/LQH�VHW(QG��VRPH/RFDWLRQ����
VRPH/LQH�VHW(QG3RLQWV��VWDUW/RFDWLRQ��
�����������������������HQG/RFDWLRQ���

0XWDWRU�0HWKRGV�IRU�7H[W�2EMHFWV

&KDQJH�WKH�IRQW�XVHG��VRPH7H[W�VHW)RQW��VRPH)RQW����

&KDQJH�WKH�VW\OH�LQ�ZKLFK�WH[W
LV�GLVSOD\HG���

VRPH7H[W�VHW%ROG����
VRPH7H[W�VHW,WDOLF����
VRPH7H[W�VHW3ODLQ����

&KDQJH�WKH�IRQW�VL]H�XVHG���VRPH7H[W�VHW)RQW6L]H��SRLQW6L]H����

&KDQJH�WKH�FKDUDFWHUV
GLVSOD\HG���VRPH7H[W�VHW7H[W���QHZ�PHVVDJH����


