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,QWURGXFWLRQ

7KH�+\SHUFRVP��'�*UDSKLFV� 6\VWHP� LV� D� FRPSOHWH�PRGHOLQJ�� UHQGHULQJ�� DQG�
DQLPDWLRQ� V\VWHP� WKDW� OHWV� \RX� FUHDWH� VRSKLVWLFDWHG� WKUHH�GLPHQVLRQDO�JUDSKLFV�
ZLWK�DQ�XQOLPLWHG�UDQJH�RI�EHKDYLRUV��7KH�SRZHU�DQG�IOH[LELOLW\�RI�+\SHUFRVP�
DUH�PDGH�SRVVLEOH� WKURXJK� WKH�XVH�RI� WKH�20$5�SURJUDPPLQJ� ODQJXDJH� DQG�
LWV� JUDSKLFV� H[WHQVLRQV�

7KLV�PDQXDO�SURYLGHV�DQ�RYHUYLHZ�RI�20$5·V�JUDSKLFV�H[WHQVLRQV�DQG�GHVFULEHV�
KRZ�WKH\�FDQ�EH�XVHG�WR�FUHDWH�FRPSHOOLQJ��'�LPDJHV�DQG�DQLPDWLRQV��7KLV� LV�
QHLWKHU� DQ� LQWURGXFWLRQ�QRU� D� FRPSOHWH� JXLGH� WR� WKH�20$5�SURJUDPPLQJ�
ODQJXDJH�� 6XFK� LQIRUPDWLRQ� LV� SURYLGHG� LQ� RXU�RWKHU� DYDLODEOH�PDQXDO��7KH�
20$5�3URJUDPPLQJ�/DQJXDJH�5HIHUHQFH�0DQXDO� DQG�3URJUDPPLQJ�*XLGH��:KLOH� WKLV�
PDQXDO� FDQ�JHW� \RX� VWDUWHG� LQ�FUHDWLQJ�+\SHUFRVP�JUDSKLFV�� \RX�FDQQRW�PDNH�
IXOO�XVH�RI�+\SHUFRVP·V�FDSDELOLWLHV�ZLWKRXW�ILUVW�JDLQLQJ�WKH�EDVLF�XQGHUVWDQGLQJ�
RI�20$5� WKDW� RXU�RWKHU�PDQXDO� SURYLGHV�

7KH��'�*UDSKLFV�3URFHVV
7KH�+\SHUFRVP�V\VWHP�LV��LQ�WKH�VLPSOHVW�RI�WHUPV��D�PHDQV�RI�SURGXFLQJ�WKUHH�
GLPHQVLRQDO� JUDSKLFV�ZLWK� D� FRPSXWHU��2I� FRXUVH�� LPDJHV�SUHVHQWHG�RQ� D� WZR�
GLPHQVLRQDO� FRPSXWHU�PRQLWRU� FDQ�RQO\� HYHU� WUXO\�EH� WZR�GLPHQVLRQDO�� 7R� D�
FRPSXWHU��WKH�GLIIHUHQFH�EHWZHHQ�D�W\SLFDO��'�LPDJH�DQG�D�VR�FDOOHG�¶�'·�LPDJH�
LV� QRW� VR�PXFK� LQ�KRZ�DQ� LPDJH�DSSHDUV� DV� LQ� KRZ�DQ� LPDJH� LV�GHILQHG�

$��'�LPDJH�GHILQLWLRQ�RQO\�FRQWDLQV�LQIRUPDWLRQ�DERXW�D�SDUWLFXODU�LPDJH��ZKDW�
FRORUV�DSSHDU�ZKHUH�RQ�D�WZR�GLPHQVLRQDO�JULG���'�JUDSKLFV��RQ�WKH�RWKHU�KDQG��
DUH�GHULYHG� IURP� LQIRUPDWLRQ� DERXW� D� FRPSOHWH� WKUHH�GLPHQVLRQDO� VFHQH��7KH�
GLIIHUHQFH�LV�DQDORJRXV�WR�WKH�GLIIHUHQFH�EHWZHHQ�D�SDLQWLQJ�DQG�D�SKRWRJUDSK��
%RWK�DSSHDU�RQ�D�WZR�GLPHQVLRQDO�VXUIDFH��EXW�D�SDLQWLQJ�LV�FUHDWHG�E\�GUDZLQJ�
�



GLUHFWO\�WR�D��'�VXUIDFH�ZKLOH�D�SKRWRJUDSK�LV�FUHDWHG�E\�SURMHFWLQJ�D��'�VFHQH�
RQWR� D� �'� VXUIDFH�

7KH��'�JUDSKLFV�SURFHVV� LV� LQ�IDFW�YHU\�VLPLODU� WR�SKRWRJUDSK\��7R�SURGXFH�D�
SKRWRJUDSK��\RX�PXVW�ILUVW�VHOHFW�D�VXEMHFW�WR�VKRRW��WKHQ�GHFLGH�KRZ�DQG�ZKHUH�
WKH�SKRWR�VKRXOG�EH� WDNHQ��DQG�WKHQ�SUHVV�D�EXWWRQ�DQG�OHW� WKH�FDPHUD�GR�WKH�
ZRUN�RI�VHWWLQJ�WKH�VFHQH�WR�ILOP��7R�SURGXFH��'�JUDSKLFV��\RX�PXVW�ILUVW�GHILQH�
D��'�VFHQH��WKHQ�FKRRVH�KRZ�WKH�VFHQH�ZLOO�EH�YLHZHG��DQG�WKHQ�OHW�WKH�FRPSXWHU�
GR� WKH�ZRUN�RI� GLVSOD\LQJ� WKH� VFHQH�RQ� D� �'� FRPSXWHU� VFUHHQ��$V� LQ� SKRWRJ�
UDSK\��QR�GUDZLQJ�DELOLW\�LV�UHTXLUHG��<RX�QHHG�RQO\�GHILQH�ZKDW�DSSHDUV�LQ�WKH�
VFHQH³WKH�VKDSHV��WKH�OLJKWV��HWF�³DQG�WKH�FRPSXWHU�ILJXUHV�RXW�KRZ�WR�GUDZ�
WKH� VFHQH�E\� LWVHOI�

:KHQ� \RX� XVH� WKH�+\SHUFRVP��'�*UDSKLFV� 6\VWHP�� \RX�XVH� WKH�20$5�
SURJUDPPLQJ� ODQJXDJH� WR�GHILQH� �'� VFHQHV� DQG� WHOO� WKH� FRPSXWHU� KRZ� WKH\�
VKRXOG�EH�YLHZHG��WKHQ�WKH�+\SHUFRVP�V\VWHP�WDNHV�FDUH�RI�GUDZLQJ�WKH�VFHQHV�
IRU� \RX�

+RZ�,W�$OO�:RUNV
7R�FUHDWH��'�JUDSKLFV�ZLWK�WKH�+\SHUFRVP�V\VWHP��\RX�QHHG�WR�ZULWH�SURJUDPV�
LQ�20$5�� WKHQ� UXQ� WKHP�ZLWK� D�+\SHUFRVP� LQWHUSUHWHU��7KLV� SURFHVV� LV�PDGH�
YHU\� HDV\�E\�+\SHUFRVP·V�GHYHORSPHQW� NLWV�� HLWKHU�+\SHUFRVP�6RMRXUQHU�RU�
+\SHUFRVP�6WXGLR��ZKLFK�ERWK�KDYH� D�EXLOW�LQ� LQWHUSUHWHU�

,QWHUSUHWHG�SURJUDPPLQJ�ODQJXDJHV��VXFK�DV�20$5�DQG�-DYD��DUH�JHQHUDOO\�VLPLODU�
WR� FRQYHQWLRQDO� SURJUDPPLQJ� ODQJXDJHV�� VXFK� DV�&��3DVFDO�� DQG�)2575$1��
EXW� GLIIHU� LQ� WKHLU� LPSOHPHQWDWLRQ�� ,Q�RUGHU� WR� UXQ�SURJUDPV� RQ� D� FRPSXWHU��
DOO�SURJUDPPLQJ�ODQJXDJHV�PXVW�VRPHKRZ�EH�FRQYHUWHG��RU�FRPSLOHG��LQWR�PDFKLQH�
ODQJXDJH³WKH��·V� DQG��·V� WKDW� FRPSXWHUV� DFWXDOO\� XQGHUVWDQG��&��3DVFDO�� DQG�
)2575$1�SURJUDPV�DUH�DOO�FRPSLOHG�GLUHFWO\�LQWR�PDFKLQH�ODQJXDJH�H[HFXWDEOH�
FRGH� WKDW� UXQV�E\� LWVHOI� �VHH�)LJXUH�������%HFDXVH� WKH� UHVXOWLQJ�H[HFXWDEOH�ILOH� LV�
ZULWWHQ� LQ�RQH�SDUWLFXODU�PDFKLQH� ODQJXDJH�� LW� FDQQRW� EH� UXQ�RQ� DOO� NLQGV� RI�
FRPSXWHUV�� EXW�RQO\�RQ� FRPSXWHUV� WKDW� XQGHUVWDQG� WKDW�SDUWLFXODU�PDFKLQH�
ODQJXDJH�
� ,QWURGXFWLRQ



,QWURGXFWLRQ
:KHQ�\RX� XVH�20$5�RU� -DYD�� KRZHYHU�� \RXU� FRGH� LV� ILUVW� FRPSLOHG� LQWR� D�
JHQHULF�LQWHUPHGLDWH�FRGH�WKDW�LV�QRW�VSHFLILF�WR�DQ\�SDUWLFXODU�W\SH�RI�PDFKLQH��
,Q�RUGHU�WR�UXQ�WKLV�LQWHUPHGLDWH�FRGH�RQ�\RXU�FRPSXWHU��LW�PXVW�EH�UXQ�WKURXJK�
D�VSHFLDO�SURJUDP�FDOOHG�DQ� LQWHUSUHWHU��ZKLFK�WUDQVODWHV�WKH�JHQHULF� LQWHUPHGLDWH�
FRGH�LQWR�PDFKLQH�ODQJXDJH�LQVWUXFWLRQV�WKDW�FDQ�EH�H[HFXWHG�RQ�\RXU�SDUWLFXODU�
FRPSXWHU�� QR�PDWWHU�ZKDW�PDFKLQH� ODQJXDJH� \RXU� FRPSXWHU�XQGHUVWDQGV� �VHH�
)LJXUH� �����

)LJXUH������&UHDWLQJ�DQG�5XQQLQJ�D�3URJUDP�ZLWK�D�&RQYHQWLRQDO�&RPSLOHU

10101
01010
10101
01010

{
   int a, b;
   a = b;
}

6RXUFH�&RGH
�KXPDQ�UHDGDEOH��

QRQ�PDFKLQH�UHDGDEOH�

([HFXWDEOH�&RGH
�PDFKLQH�UHDGDEOH�
QRQ�KXPDQ�UHDGDEOH�

&RPSLOH�3URJUDP 5XQ�3URJUDP

:ULWH�3URJUDP
+RZ�,W�$OO�:RUNV �



,W�PD\�DW�ILUVW�VHHP�OLNH�D�GUDZEDFN�WKDW�\RXU�20$5�JUDSKLFV�FRGH�FDQQRW�UXQ�
ZLWKRXW�WKH�+\SHUFRVP�JUDSKLFV�LQWHUSUHWHU��7KHUH�DUH�VHYHUDO�LPSRUWDQW�EHQHILWV�
WR� WKLV� DSSURDFK�� KRZHYHU�

8VLQJ� WKH� FRQYHQWLRQDO� DSSURDFK�� \RX�PXVW� FRPSLOH� \RXU�SURJUDP� LQWR� DQ�
H[HFXWDEOH� IRUPDW� WKDW� LV� SDUWLFXODU� WR� HDFK�NLQG� RI� FRPSXWHU� WKDW� \RX�ZRXOG�
OLNH� WR� UXQ� WKH�SURJUDP�RQ�� ,I� \RX�KDYH� WHQ�SURJUDPV� WKDW� \RX�ZRXOG� OLNH� WR�
UXQ�RQ�ILYH�GLIIHUHQW�NLQGV�RI�FRPSXWHUV��WKHQ�\RX�ZRXOG�QHHG�WR�PDNH�D�WRWDO�
RI� ILIW\� GLIIHUHQW� H[HFXWDEOHV��8VLQJ� WKH� LQWHUSUHWHU� DV� D� XQLYHUVDO� WUDQVODWRU��
KRZHYHU��\RX�ZRXOG�RQO\�QHHG�WKH�WHQ�SURJUDPV�WKDW�KDYH�EHHQ�FRPSLOHG�LQWR�
WKH� LQWHUPHGLDWH� FRGH� DQG� WKHQ� WKH� ILYH� GLIIHUHQW� LQWHUSUHWHUV� IRU� HDFK�RI� WKH�
FRPSXWHU� W\SHV� WKDW� \RX� LQWHQG� WR� UXQ� WKH�SURJUDPV�RQ�

$V� WKH� UHFHQW� H[SORVLRQ� LQ� -DYD·V� SRSXODULW\� VKRZV�� LQWHUSUHWHG� ODQJXDJHV� DUH�
H[WUDRUGLQDULO\� XVHIXO� LQ�ZHE�GHYHORSPHQW��2QFH�\RX·YH� FUHDWHG� D�+\SHUFRVP�
JUDSKLFV�DSSOHW��\RX�FDQ�SXW�WKDW�VLQJOH�DSSOHW�RQ�\RXU�ZHE�SDJH�DQG�EH�DVVXUHG�
WKDW�LW�ZLOO�UXQ�RQ�DQ\�PDFKLQH�WKDW�FDQ�YLHZ�WKH�ZHE�SDJH��SURYLGHG�WKDW�WKDW�
PDFKLQH�KDV�D�+\SHUFRVP�LQWHUSUHWHU��&XUUHQWO\�� WKH�+\SHUFRVP�LQWHUSUHWHU� LV�
DYDLODEOH�WR�DOO�ZHE�XVHUV�LQ�WKH�+\SHUFRVP��'�3OD\HU��ZKLFK�\RX�FDQ�GRZQORDG�
IURP� WKH�+\SHUFRVP�ZHE� VLWH� �KWWS���ZZZ�K\SHUFRVP�FRP�� IRU� IUHH��
�
2QH�YDOLG�FULWLFLVP�WKDW�FDQ�EH�PDGH�RI�LQWHUSUHWHG�ODQJXDJHV�LV�WKDW�LQWHUSUHWLQJ�
FRGH� LV� DOZD\V� VORZHU� WKDQ� UXQQLQJ�PDFKLQH� FRGH� GLUHFWO\��ZKLFK� FRXOG� EH� D�

)LJXUH������&UHDWLQJ�DQG�5XQQLQJ�D�3URJUDP�ZLWK�DQ�,QWHUSUHWHU

101010
101010
101010
101010

{
   int a, b;
   a = b;
}

6RXUFH�&RGH
�KXPDQ�UHDGDEOH��

QRQ�PDFKLQH�UHDGDEOH�

,QWHUPHGLDWH�&RGH
�LQWHUSUHWHU�UHDGDEOH��
QRQ�PDFKLQH�UHDGDEOH��
QRQ�KXPDQ�UHDGDEOH�

&RPSLOH�3URJUDP

5XQ�3URJUDP

:ULWH�3URJUDP

ilit 1
adi 5
40
nop

�

,QWHUSUHWHU�3URJUDP
WUDQVODWHV�LQWHUPHGLDWH�FRGH�LQWR

D�IRUP�WKDW�FDQ�EH�XVHG�RQ�D
SDUWLFXODU�FRPSXWHU
� ,QWURGXFWLRQ



,QWURGXFWLRQ
SUREOHP� IRU� FRPSXWDWLRQDOO\�LQWHQVLYH� JUDSKLFV� DSSOLFDWLRQV�� ,Q�RXU� FDVH��
KRZHYHU��WKLV�LV�D�QHJOLJLEOH�GLIIHUHQFH�EHFDXVH�DOPRVW�DOO�JUDSKLFV�DSSOLFDWLRQV�
VSHQG� DW� OHDVW� ����RI� WKHLU� WLPH� LQ� UHGUDZLQJ� WKH� JUDSKLFV� DQG� XVXDOO\� OHVV�
WKDQ����RI�WKHLU�WLPH�DFWXDOO\�DQLPDWLQJ�REMHFWV��6LQFH�DOO�WKH�FRGH�WR�FRPSXWH�
WKH�JUDSKLFV�LV�DOUHDG\�FRPSLOHG�DQG�RSWLPL]HG�LQWHUQDOO\��WKLV�PHDQV�WKDW�\RXU�
DQLPDWLRQV�ZRXOG�RQO\�EH�DURXQG����IDVWHU�LI�WKH\�ZHUH�FRPSOHWHO\�FRPSLOHG�
DV� WKH\�ZRXOG� EH� LI� \RX�ZHUH�ZULWLQJ� WKHP� LQ�&��3DVFDO�� RU�)RUWUDQ�

+\SHUFRVP�)HDWXUHV
7KH�+\SHUFRVP��'�*UDSKLFV�6\VWHP�KDV�PDQ\�IHDWXUHV�WKDW�GLVWLQJXLVK�LW�IURP�
RWKHU� FRPPRQO\�XVHG��'� JUDSKLFV� V\VWHPV�� LQFOXGLQJ� WKH� IROORZLQJ�

� 7KH�20$5�SURJUDPPLQJ� ODQJXDJH
+\SHUFRVP·V� JUDSKLFV� DUH� FUHDWHG�XVLQJ� WKH�20$5� �2EMHFW�RULHQWHG�
0RGHOLQJ�$QG�5HQGHULQJ��SURJUDPPLQJ� ODQJXDJH��'HVLJQHG� DV� D� JHQHUDO�
SXUSRVH� ODQJXDJH� OLNH� -DYD� RU�&����20$5� LPSURYHV�RQ�ERWK� DV� D� �'�
JUDSKLFV� WRRO�� ,W·V� JHQHUDOO\� VLPSOHU� DQG�PRUH� UHDGDEOH�� DQG� LW� KDV�PDQ\�
EXLOW�LQ�H[WHQVLRQV�GHVLJQHG�VSHFLILFDOO\�IRU��'�GHYHORSPHQW��20$5�LV�DOVR�
LGHDOO\� VXLWHG� IRU�ZHE� GHYHORSPHQW�EHFDXVH�� OLNH� -DYD�� LW� LV� DQ� LQWHUSUHWHG�
ODQJXDJH��UHVXOWLQJ�LQ�SODWIRUP�LQGHSHQGHQFH�DQG�UHPDUNDEO\�VPDOO�ILOH�VL]HV��

� +LHUDUFKLFDO�JHRPHWU\
8VLQJ�20$5�� \RX� FDQ� JURXS� VXUIDFH� SULPLWLYHV� WRJHWKHU� DQG�PDQLSXODWH�
WKHP�DV�D�VLQJOH�REMHFW��6LQFH�WKH�KLHUDUFK\�GDWD�LV�DOVR�XVHG�E\�WKH�UHQGHUHU��
GDWDEDVHV�ZLWK�PLOOLRQV�RU� HYHQ�ELOOLRQV�RI�SULPLWLYHV�FDQ�EH� UHQGHUHG�RQ�
PRGHVW�PDFKLQHV�

� 0XOWLSOH� UHQGHULQJ�PRGHV
+\SHUFRVP�SURYLGHV�D�YDULHW\�RI�UHQGHULQJ�PRGHV��IURP�VLPSOH�ZLUHIUDPH�
WR�IXOO�UD\�WUDFLQJ��,QFOXGHG�DUH�WZR�OLQH�UHQGHULQJ�PRGHV�WKDW�ILQG�VLOKRXHWWH�
HGJHV�DQG�SURGXFH�FOHDQ��VLPSOH�LPDJHV�LQVWHDG�RI�WKH�FOXWWHUHG�ZLUHIUDPH�
PHVKHV� WKDW� DUH� XVXDOO\� XVHG�

� $�FKRLFH�RI� SURMHFWLRQV
6HYHUDO�GLIIHUHQW�W\SHV�RI�FDPHUD�OHQVHV�DUH�DYDLODEOH�IRU�VSHFLDO�ZLGH�DQJOH�
HIIHFWV� WKDW� FDQQRW�EH� DFKLHYHG�ZLWK� VWDQGDUG�SURMHFWLRQV�

� 5HDO�WLPH�LQWHUDFWLYH� VKDGRZV�� UHIOHFWLRQV�DQG� WUDQVSDUHQF\
<RX�FDQ�SURGXFH�DSSUR[LPDWH�VRIW� VKDGRZV�� UHIOHFWLRQV�DQG�WUDQVSDUHQF\�
UHIUDFWLRQ� HIIHFWV� DW� LQWHUDFWLYH� UDWHV�

� ([WHQVLELOLW\
20$5� ILOHV� FDQ� LPSRUW� VKDSHV�� XWLOLWLHV�� HWF��� IURP�RWKHU� ILOHV�
+\SHUFRVP�)HDWXUHV �



6RXUFHV�IRU�$GGLWLRQDO�,QIRUPDWLRQ
8VLQJ� VRPH�RI� WKH� DGYDQFHG� IHDWXUHV� RI� WKH�20$5�SURJUDPPLQJ� ODQJXDJH�
UHTXLUHV�DW�OHDVW�D�FXUVRU\�XQGHUVWDQGLQJ�RI�SURJUDPPLQJ�IXQGDPHQWDOV��DQG�RI�
FRPSXWHU�JUDSKLFV��7KH�+\SHUFRVP�GRFXPHQWDWLRQ�FRXOG�QHYHU�KRSH�WR�FRYHU�
LQ�GHWDLO�DOO�WKDW�\RX�QHHG�WR�NQRZ�WR�ZULWH�JRRG��FOHDQ�SURJUDPV�DQG�FRPSHOOLQJ�
JUDSKLF�LPDJHV��+RZHYHU��WKHUH�DUH�D�QXPEHU�RI�JRRG�UHIHUHQFH�ERRNV�DYDLODEOH�
LI� \RX� DUH� LQWHUHVWHG� LQ� UHDGLQJ�PRUH� DERXW� JUDSKLFV�SURJUDPPLQJ��+HUH� LV� D�
VPDOO� OLVW� RI� VRPH� WKDW�ZH� OLNH�

� &RPSXWHU�*UDSKLFV��3ULQFLSOHV� DQG�3UDFWLFH�� 6HFRQG�(GLWLRQ
-DPHV�'�� )ROH\��$QGULHV� YDQ�'DP��6WHYHQ�.�� )HLQHU�� -RKQ�)��+XJKHV
$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\�

)RU�PRVW�JUDSKLFV� LVVXHV�� WKLV�PD\�EH� WKH�RQO\�ERRN� WKDW� \RX� UHDOO\� QHHG�
DV� LW� KDV� JRRG��EXW�QRW� RYHUO\� GHWDLOHG�� FRYHUDJH�RI� MXVW� DERXW� HYHU\WKLQJ�

� 3URFHGXUDO�(OHPHQWV�)RU�&RPSXWHU�*UDSKLFV
'DYLG�)��5RJHUV
0F*UDZ�+LOO�%RRN�&RPSDQ\�

7KLV�LV�DQ�ROGHU�DQG�PXFK�OHVV�H[WHQVLYH�ERRN�WKDQ�WKH�RQH�DERYH��$OWKRXJK�
LW� IRFXVHV�PDLQO\�RQ� UHQGHULQJ� WHFKQRORJ\�� LW� VWLOO�KDV� D� JRRG� FRYHUDJH�RI�
PRVW� LPSRUWDQW� JUDSKLFV� WRSLFV�

� )XQGDPHQWDOV�RI�7KUHH�'LPHQVLRQDO�&RPSXWHU�*UDSKLFV
$ODQ�:DWW
$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\

7KLV�LV�D�JRRG�RYHUYLHZ�RI�PDQ\�WRSLFV�LQ�FRPSXWHU�JUDSKLFV�EXW�DW�D�OHVV�
GHWDLOHG� DQG�PDWKHPDWLFDO� OHYHO� WKDQ�RWKHUV��

,Q�DGGLWLRQ��XQWLO� D� FRPSOHWH� WXWRULDO� IRU� WKH�20$5�SURJUDPPLQJ� ODQJXDJH� LV�
FUHDWHG��XVHUV�ZLWK�QR�SURJUDPPLQJ�H[SHULHQFH�FRXOG�ORRN�LQWR�DQ\�QXPEHU�RI�
LQWURGXFWRU\�ERRNV�RU�FRXUVHV�IRU�RWKHU�REMHFW�RULHQWHG�ODQJXDJHV�VXFK�DV�-DYD�
RU�SRVVLEO\�&���
� ,QWURGXFWLRQ



&+$37(5��

*HWWLQJ�6WDUWHG

7KLV�FKDSWHU�RXWOLQHV�VRPH�RI�WKH�IXQGDPHQWDOV�RI�XVLQJ�WKH�+\SHUFRVP�V\VWHP��
LQFOXGLQJ� D� IHZ�JXLGHOLQHV� IRU�20$5� ILOH� RUJDQL]DWLRQ��)RU� D�PRUH� FRPSOHWH�
JXLGH� WR�20$5�SURJUDPPLQJ�SULQFLSOHV�� FRQVXOW�7KH�20$5�3URJUDPPLQJ�
/DQJXDJH�5HIHUHQFH�0DQXDO� DQG�3URJUDPPLQJ�*XLGH�

:KDW�<RX�1HHG
7R�FUHDWH�\RXU�RZQ�JUDSKLFV�ZLWK�WKH�+\SHUFRVP�V\VWHP��\RX�PXVW�ZULWH�\RXU�
RZQ�20$5� ILOHV��+\SHUFRVP�6RMRXUQHU� DQG�+\SHUFRVP�6WXGLR� DUH� WZR�
+\SHUFRVP�SURGXFWV�GHVLJQHG�VSHFLILFDOO\�IRU�20$5�ILOH�FUHDWLRQ��<RX·OO�QHHG�
RQH� RI� WKHVH�SURGXFWV�EHIRUH�PDNLQJ� DQG� UXQQLQJ�QHZ�20$5� ILOHV��

+\SHUFRVP�6RMRXUQHU� LV�+\SHUFRVP·V�EDVLF�20$5�GHYHORSPHQW�NLW��GHVLJQHG�
WR�GHPRQVWUDWH�WKH�SRZHU�DQG�HDVH�RI�XVH�RI�WKH�+\SHUFRVP��'�SURJUDPPLQJ�
HQYLURQPHQW�DQG�WKH�20$5�SURJUDPPLQJ�ODQJXDJH��6RMRXUQHU�KDV�WKH�EXLOW�LQ�
FDSDELOLW\� WR� LQWHUSUHW� \RXU�20$5�FRGH�DQG� UXQ� WKH�SURJUDP�\RX·YH� FUHDWHG��
+\SHUFRVP�6RMRXUQHU�LV�IUHH�DQG�FDQ�EH�GRZQORDGHG�IURP�WKH�+\SHUFRVP�ZHE�
VLWH� DW� KWWS���ZZZ�K\SHUFRVP�FRP�

)LOHV� WKDW� \RX� FUHDWH�ZLWK�+\SHUFRVP�6RMRXUQHU� FDQ�EH� H[FKDQJHG�ZLWK�RWKHU�
6RMRXUQHU�XVHUV�� ,I�� KRZHYHU�� \RX�ZDQW� WR� FUHDWH�+\SHUFRVP�JUDSKLFV� IRU�XVH�
LQ�ZHE�GHYHORSPHQW��\RX�VKRXOG�SXUFKDVH�+\SHUFRVP�6WXGLR��/LNH�6RMRXUQHU��
6WXGLR� OHWV� \RX� FUHDWH� DQG� UXQ� \RXU�20$5�SURJUDPV��+RZHYHU�� XQOLNH�
6RMRXUQHU��6WXGLR�OHWV�\RX�FRPSLOH�\RXU�20$5�SURJUDPV�LQWR�DSSOHWV�WKDW�FDQ�
EH�XSORDGHG� WR� \RXU�ZHE� VLWH�
�



20$5�)LOHV
20$5�ILOHV��FRPSRVHG�RI�20$5�SURJUDPPLQJ�FRGH��FRQWDLQ�DOO�RI�WKH�GHILQL�
WLRQV�� LQVWUXFWLRQV�� DQG�GDWD� WKDW� DUH�QHHGHG� WR� FUHDWH� �'� JUDSKLFV�ZLWK� WKH�
+\SHUFRVP� V\VWHP��7KHUH� DUH� WZR�GLIIHUHQW�20$5� ILOH� W\SHV�

� �20$5�VRXUFH�ILOHV�DUH�UXQQDEOH�ILOHV� WKDW�FRQWDLQ�HVVHQWLDO� LQVWUXFWLRQV�
IRU�SURGXFLQJ�20$5�DSSOHWV��6RXUFH�ILOH�QDPHV�VKRXOG�FDUU\�WKH�H[WHQVLRQ�
�RPDU�

� �20$5�UHVRXUFH� ILOHV� DUH�QRW� UXQQDEOH�� EXW� FRQWDLQ� ¶SLHFHV·� RI�20$5�
FRGH� WKDW�PD\�EH� LPSRUWHG� IRU�XVH� LQ� VRXUFH� ILOHV��5HVRXUFH� ILOH� QDPHV�
FDUU\� WKH� H[WHQVLRQ� �RUHV�

+\SHUFRVP¶V�6WDQGDUG�5HVRXUFH�)LOHV
:KHQ�\RX�LQVWDOO�+\SHUFRVP�6RMRXUQHU�RU�+\SHUFRVP�6WXGLR��\RX�DOVR�UHFHLYH�
+\SHUFRVP·V�VWDQGDUG�OLEUDU\�RI�UHVRXUFH�ILOHV��IRXQG�LQ�D�GLUHFWRU\�WLWOHG�2UHV���
0DQ\�RI�WKH�SURYLGHG�UHVRXUFHV�DUH�HVVHQWLDO�IRU�WKH�FUHDWLRQ�RI�HYHQ�WKH�PRVW�
EDVLF� JUDSKLFV�� DQG� WKXV�PDNLQJ� FKDQJHV� WR� WKHP� LV� JHQHUDOO\� GLVFRXUDJHG��
+RZHYHU��DOO�RI� WKH�UHVRXUFH�ILOHV�FRQWDLQ�UHDGDEOH�20$5�FRGH��DQG�SHUXVLQJ�
WKHP�LV�D�JRRG�ZD\�WR�ILQG�RXW�DERXW�WKH�YDULRXV�UHVRXUFHV�+\SHUFRVP�KDV�WR�
RIIHU��7KHUH�DUH�PDQ\�XVHIXO�IHDWXUHV�DYDLODEOH�LQ�WKH�UHVRXUFH�ILOHV�WKDW�DUH�QRW�
IXOO\� FRYHUHG� LQ� WKLV�PDQXDO�� LQFOXGLQJ� WKH� IROORZLQJ�

� 6KDGHUV³6KDGHUV�DUH�D� VRSKLVWLFDWHG�ZD\�RI�FRQWUROOLQJ� WKH�H[DFW�FKDUDF�
WHULVWLFV�RI�REMHFWV·�VXUIDFHV��+\SHUFRVP�SURYLGHV�VKDGHUV�WKDW�FDQ�SURGXFH�
WUDQVSDUHQW�� FORXG\��ZRRGHQ��RU�EXPS\� VXUIDFHV�� WR�QDPH� MXVW� D� IHZ�

� 3URJUDP�DUJXPHQW�KDQGOHU³7KH�DUJV� W\SH�� GHILQHG� LQ�DUJV�RUHV�� LV�
+\SHUFRVP·V�VWDQGDUG�SURJUDP�DUJXPHQW�KDQGOHU��,QFOXGLQJ�DQ�DUJV�FKHFN�
LQ� \RXU� FRGH� DOORZV� \RX� WR� VHW� D� YDULHW\�RI� DWWULEXWHV³LQFOXGLQJ�ZLQGRZ�
GLPHQVLRQV��FDPHUD�RULHQWDWLRQ�� UHQGHULQJ�PRGHV��DQG�EDFNJURXQG�FRORU³
LQ�FRPPDQG�OLQH�DUJXPHQWV�RU�LQ�+70/�FRGH��,Q�+\SHUFRVP�6WXGLR��DUJV�
FKHFN�LV�UXQ�DXWRPDWLFDOO\�DW�WKH�EHJLQQLQJ�RI�HYHU\�SURJUDP��VR�LI�\RX·UH�XVLQJ�
6WXGLR��\RX�PD\�ZDQW� WR�H[DPLQH�DUJV�RUHV� WR� ILQG�RXW�PRUH�DERXW�ZKDW�
FDQ�EH� FRQWUROOHG�ZLWK�SURJUDP�DUJXPHQWV�

� 6RXQGV³+\SHUFRVP·V�VRXQG�W\SH�LV�GHILQHG�LQ�QDWLYHBVRXQGV�RUHV��7KH�
VRXQG�W\SH�FDQ�EH�XVHG�WR�LPSRUW��ZDY�ILOHV�DQG�SOD\�WKHP�LQ�\RXU�20$5�
SURJUDPV�

� 0RXVH� FXUVRU� VHWWLQJ³:LWK� WKH� VHWBFXUVRU�SURFHGXUH� LQ�
QDWLYHBGLVSOD\�RUHV�� \RX� FDQ� FKDQJH� WKH�PRXVH� FXUVRU� VW\OH� WR� DQ\� RI�
VHYHUDO� FRPPRQ� VWDQGDUG� FXUVRU� W\SHV�

� :HE�XWLOLWLHV³3URFHGXUHV� LQ�QDWLYHBOLQNV�RUHV� DOORZ�\RX� WR� VHW� WKH� XUO�
DQG� WKH� VWDWXV� OLQH� LQ�ZHE�EURZVHUV�

� &ROOLVLRQ�GHWHFWLRQ�DQG�FORVHVW�SRLQW�GHWHFWLRQ³%XLOW�LQ� SURFHGXUHV�
GHILQHG�LQ�QDWLYHBFROOLVLRQ�RUHV�FDQ�WHOO�\RX�ZKHWKHU�WZR�VKDSHV�DUH�LQWHU�
� *HWWLQJ�6WDUWHG



*
HWWLQJ�6WDUWHG
VHFWLQJ��ZKHWKHU�D�UD\�LQWHUVHFWV�D�VKDSH��RU�ZKDW�SDUW�RI�D�VKDSH�LV�FORVHVW�
WR� D�SRLQW�RU�SODQH�

� $FWRUV³$FWRUV� DOORZ�\RX� WR�GHVFULEH�KLJK� OHYHO� EHKDYLRU�RI� DQ�REMHFW�
DQG�OHW�WKH�DQLPDWLRQ�V\VWHP�FRQWURO�WKH�GHWDLOV�RI�PRYLQJ�WKH�REMHFW�IRU�
HDFK� IUDPH�RI� DQ� DQLPDWLRQ�

� $GYDQFHG�VKDSHV³,Q�DGGLWLRQ�WR�WKH�SULPLWLYH�VKDSHV�GHVFULEHG�LQ�WKLV�
PDQXDO��+\SHUFRVP�SURYLGHV� FRGH� WKDW�GHILQHV� KXOOV�� H[WUXVLRQV�� ODWKHV��
ODWWLFHV�� SLSHV�� S\UDPLGV�� SRLQW� FORXGV�� DQG� VHYHUDO� RWKHU� XVHIXO� VKDSHV�

� 5DQGRP��QRLVH�� DQG� WXUEXOHQFH� IXQFWLRQV³7KH� IXQFWLRQV� LQ�
UDQGRP�RUHV��QDWLYHBQRLVH�RUHV�� DQG� WXUEXOHQFH�RUHV� DUH� D� JUHDW�ZD\�
WR� DGG�YDULHW\� WR� DQ� LPDJH�RU�PDNH� DQ�REMHFW·V� EHKDYLRU�PRUH� UHDOLVWLF��

7KHUH�DUH�D�IHZ�VSHFLDO�ILOHV��VXFK�DV�QDWLYHBPDWK�RUHV�DQG�QDWLYHBPRGHO�RUHV��
WKDW� FRQWDLQ�QDWLYH� GHFODUDWLRQV��7KHVH�GHFODUDWLRQV�GHVFULEH� IHDWXUHV� WKDW� DUH�
EXLOW� LQWR� WKH�+\SHUFRVP�V\VWHP�DQG�DUH� WKHUHIRUH�QRW�ZULWWHQ�RXW�FRPSOHWHO\�
LQ�20$5�FRGH��6LQFH�WKHVH�ILOHV�SURYLGH�GHVFULSWLRQV�RI�DOO� WKH�QDWLYH�IHDWXUHV�
WKDW� \RX� FDQ� DFFHVV�� WKH\� FDQ� EH� D�XVHIXO� UHIHUHQFH� JXLGH��<RX� FDQ� DFWXDOO\�
FKDQJH�WKH�GHIDXOW�YDOXHV�IRU�WKHVH�IHDWXUHV�E\�PRGLI\LQJ�WKHLU�GHFODUDWLRQV��EXW�
\RX�VKRXOG�QHYHU�FKDQJH�D�QDWLYH�GHFODUDWLRQ� LQ�DQ\�RWKHU�ZD\��$�QDWLYH�GHFOD�
UDWLRQ�PXVW�SHUIHFWO\�PDWFK�WKH� LQWHUSUHWHU·V�SUHFRPSLOHG�FRGH�RU�HOVH� WKH�UXQ�
WLPH� V\VWHP�PD\�EHKDYH� HUUDWLFDOO\�

+\SHUFRVP¶V�6DPSOH�6RXUFH�)LOHV
+\SHUFRVP�DOVR�SURYLGHV� QXPHURXV� VDPSOH�20$5� VRXUFH� ILOHV� ORFDWHG� LQ� D�
GLUHFWRU\� WLWOHG�2PDU��7KHVH� ILOHV�KDYH�EHHQ� FUHDWHG� WR�GHPRQVWUDWH�
+\SHUFRVP·V�PDQ\� FDSDELOLWLHV�� DQG� UDQJH� LQ� FRPSOH[LW\� IURP�YHU\� VLPSOH� WR�
YHU\� VRSKLVWLFDWHG��5XQQLQJ� WKURXJK� WKH� H[DPSOH� ILOHV� LV� DQ� H[FHOOHQW�ZD\� WR�
OHDUQ�KRZ�WR�ZULWH�20$5�ILOHV��HVSHFLDOO\�LI�\RX�DOUHDG\�KDYH�VRPH�SURJUDPPLQJ�
EDFNJURXQG��<RX� FDQ� FRS\� DQG�SDVWH� OLQHV�RI� FRGH� IURP� WKH� VDPSOH� ILOHV� WR�
\RXU�RZQ�ILOHV�WR�H[SHULPHQW�ZLWK�GLIIHUHQW�EHKDYLRUV�RU�PDNH�PRGLILFDWLRQV�WR�
WKH� FRGH� WR� OHDUQ�KRZ�GLIIHUHQW� FKDQJHV� DIIHFW� DSSHDUDQFH� DQG�EHKDYLRU�

20$5¶V�*UDSKLFV�([WHQVLRQV
8VLQJ�20$5� IRU� JUDSKLFV�GHYHORSPHQW�ZRXOG�QRW�EH�SRVVLEOH�ZLWKRXW� VRPH�
ZD\�RI� H[SUHVVLQJ� JUDSKLFDO� LQIRUPDWLRQ� LQ� WKH� ODQJXDJH��)RU� WKLV� UHDVRQ��
+\SHUFRVP�KDV�DGGHG�IRXU�IXQGDPHQWDO�JUDSKLFV�SURFHGXUHV� WR�20$5��7KH\�
DUH� V\QWDFWLFDOO\� LGHQWLFDO� WR�RWKHU�20$5�SURFHGXUHV�EXW� KDYH�EHHQ� JLYHQ�
GLIIHUHQW� QDPHV� WR� UHIOHFW� WKH� GLIIHUHQW� MREV� WKH\� GR�
20$5¶V�*UDSKLFV�([WHQVLRQV �



7KH� VKDSH��SLFWXUH�� DQG�DQLP�SURFHGXUHV�DUH� OLNH�YHUE�SURFHGXUHV�EHFDXVH� WKH\�
FDUU\�RXW� DFWLRQV�EXW�GR�QRW� UHWXUQ�DQ\�YDOXHV��7KH�VKDGHU�SURFHGXUH� LV� OLNH�D�
TXHVWLRQ�SURFHGXUH�EHFDXVH�LW�UHWXUQV�D�YDOXH��6KDGHUV�DUH�D�IHDWXUH�EH\RQG�WKH�
VFRSH�RI�WKLV�PDQXDO·V�FRYHUDJH��7KH�RWKHU�JUDSKLFV�SURFHGXUHV�ZLOO�EH�FRYHUHG�
LQ� JUHDWHU�GHWDLO� LQ� ODWHU� VHFWLRQV��

�'�&RRUGLQDWHV
$OWKRXJK� LW� LV� QRW�QHFHVVDU\� WR� NQRZ�DQ\� DOJHEUD�RU� WULJRQRPHWU\� WR�XVH� WKH�
+\SHUFRVP�V\VWHP��LW�LV�QHFHVVDU\�WR�EH�FRPIRUWDEOH�ZLWK�WKH�WKUHH�GLPHQVLRQDO�
FRRUGLQDWH�V\VWHP�WKDW�LV�XVHG�WR�GHVFULEH�WKH�JHRPHWU\�RI�WKH�IRUPV�\RX�ZLVK�
WR� FUHDWH�

:KLOH�+\SHUFRVP�JUDSKLFV�GR�DSSHDU�RQ�D��'�FRPSXWHU�VFUHHQ��LW·V�LPSRUWDQW�
WR� UHPHPEHU� WKDW� WKH�+\SHUFRVP�ZRUOG� LV� WUXO\� WKUHH�GLPHQVLRQDO��7KH�
FRPSXWHU� VFUHHQ� LQ� WKH�+\SHUFRVP�ZRUOG� LV� QRW� VR�PXFK� D� FDQYDV�RQ�ZKLFK�
LPDJHV� DUH�GUDZQ� DV� LW� LV� D� FDPHUD·V� YLHZ� LQWR� D� YDVW� RSHQ� VSDFH��2EMHFWV� LQ�
WKDW�VSDFH�FDQ�EH�PRYHG�XS�RU�GRZQ�� OHIW�RU�ULJKW��IRUZDUG�RU�EDFNZDUGV��DQG�
KRZ�VXFK�FKDQJHV�DSSHDU�RQ�VFUHHQ�GHSHQGV�FRPSOHWHO\�XSRQ�KRZ�WKH�FDPHUD�
LV�SRVLWLRQHG��2EMHFWV�DSSHDU�ODUJH�RQ�WKH�VFUHHQ�LI�WKH�FDPHUD�LV�SODFHG�UHODWLYHO\�
FORVH� WR� WKHP�� DQG�REMHFWV� DSSHDU� WR� EH� YHU\� VPDOO� LI� WKH� FDPHUD� LV� UHODWLYHO\�
IDU� DZD\��$Q\� REMHFWV�RXWVLGH� WKH� FDPHUD·V� ILHOG�RI� YLHZ�ZRQ·W� DSSHDU�RQ� WKH�
VFUHHQ� DW� DOO�

,Q�RUGHU�WR�GHVFULEH�YDULRXV�VKDSHV�DQG�SRVLWLRQV�LQ�WKH�¶YDVW�+\SHUFRVP�VSDFH�·�
ZH�QHHG�VRPH�PHDQV�RI�VSHFLI\LQJ�ORFDWLRQV�LQ�LW��7R�GR�WKLV��+\SHUFRVP�XVHV�
WKH�VWDQGDUG�PDWKHPDWLFDO��'�FRRUGLQDWH�V\VWHP��7KH�V\VWHP�ZRUNV�E\�VHWWLQJ�
D�VLQJOH�SRLQW�LQ�VSDFH�DV�WKH�RULJLQ��7KUHH�RUWKRJRQDO��SHUSHQGLFXODU��D[HV³;��
<�� DQG�=³UXQ� WKURXJK� WKH�RULJLQ�DQG� FDQ�EH�XVHG� WR�PHDVXUH�GLVWDQFH� IURP�
WKH� RULJLQ��$OO� RWKHU�SRLQWV� LQ� VSDFH� FDQ� WKHQ�EH� VSHFLILHG� E\� WKHLU�;��<�� DQG�
=�FRRUGLQDWHV��7KH�RULJLQ� LWVHOI�KDV�WKH�FRRUGLQDWHV�������!��EHFDXVH�LW� OLHV�DW�

)LJXUH������)XQGDPHQWDO�*UDSKLFV�([WHQVLRQV�WR�20$5

3URFHGXUH $FWLRQ

VKDSH &UHDWHV�D�VKDSH

SLFWXUH 'UDZV�D�SLFWXUH

DQLP $QLPDWHV�D�VHTXHQFH�RI�SLFWXUHV

VKDGHU 5HWXUQV�FRORU�YDOXHV�IRU�VKDGLQJ�REMHFWV
�� *HWWLQJ�6WDUWHG



*
HWWLQJ�6WDUWHG
WKH� FHQWHU� RI� HDFK�RI� WKH� D[HV��2WKHU� SRLQWV�PD\�KDYH�SRVLWLYH�RU� QHJDWLYH�
FRRUGLQDWHV�GHSHQGLQJ� RQ�ZKHUH� WKH\·UH� SRVLWLRQHG�ZLWK� UHVSHFW� WR� WKH� D[HV�

+HUH·V� DQ� LOOXVWUDWLRQ� RI�XVLQJ��'�FRRUGLQDWHV� WR� VSHFLI\� D� ORFDWLRQ�� ,I� DOO� WKH�
VWUHHWV� LQ�\RXU�QHLJKERUKRRG�ZHUH�RUWKRJRQDO��\RX�FRXOG�WHOO�VRPHRQH�KRZ�WR�
JHW�WR�\RXU�DSDUWPHQW�E\�WHOOLQJ�WKHP�WR�JR���EORFNV�HDVW����EORFNV�QRUWK��DQG�
XS���IORRUV��7KLV�ZRXOG�SXW�\RXU�DSDUWPHQW�FRRUGLQDWHV�DW�������!��DVVXPLQJ�
\RX�JDYH� WKH�GLUHFWLRQV� DW� WKH�RULJLQ���1RWH� WKDW� WKH�RUGHU�RI� WKH� FRRUGLQDWHV�
LV� LPSRUWDQW�� EHFDXVH� LI� WKH�SHUVRQ�ZHQW� ��EORFNV� HDVW�� ��EORFNV�QRUWK�� DQG���
VWRULHV� XS�� WKH\�ZRXOG� HQG�XS� LQ� D� GLIIHUHQW� ORFDWLRQ�

8VLQJ� WKH�+\SHUFRVP� V\VWHP�� \RX�PD\� JHQHUDOO\� DVVXPH� WKDW� WKH�RULJLQ�ZLOO�
DSSHDU�DW�DERXW�WKH�FHQWHU�RI�\RXU�VFUHHQ��WKH�;�D[LV�ZLOO�UXQ�IURP�OHIW�WR�ULJKW�
�ULJKW�EHLQJ�WKH�SRVLWLYH�GLUHFWLRQ���WKH�<�D[LV�ZLOO�UXQ�IURP�\RX�LQWR�WKH�VFUHHQ�
�IRUZDUG�EHLQJ�WKH�SRVLWLYH�GLUHFWLRQ���DQG�WKH�=�D[LV�ZLOO�UXQ�XS�DQG�GRZQ��XS�
EHLQJ� WKH�SRVLWLYH� GLUHFWLRQ���+RZHYHU�� UHPHPEHU� WKDW�KRZ�GLUHFWLRQV� DSSHDU�
RQ�VFUHHQ�GHSHQGV�RQ�ZKHUH�WKH�¶FDPHUD·�LV�SODFHG��,I��IRU�H[DPSOH��WKH�FDPHUD�
LV�SODFHG�VRPHZKHUH�XS�WKH�=�D[LV�DQG�LV�SRLQWHG�WRZDUGV�WKH�RULJLQ��WKHQ�WKH�
<�D[LV� FRXOG� UXQ�XS� DQG�GRZQ�

)LJXUH������&RRUGLQDWH�6\VWHPV

X X

Y

Y

Z

one dimensional 
coordinates 

 (1D)

two dimensional 
coordinates 

 (2D)

three dimensional 
coordinates 

 (3D)

point in 2D 
coordinates: 

(6, 5)

6 units

5 unitsX

point in 1D 
coordinates: 

(5)

5 units

6 units
4 units

7 units

point in 3D 
coordinates: 

(6, 7, 4)

origin 
(0)

origin 
(0, 0)

origin  
(0, 0, 0)
�'�&RRUGLQDWHV ��



$�1RWH�$ERXW�8QLWV
<RX�PLJKW�EH�ZRQGHULQJ�H[DFWO\�ZKDW� VL]H� WKH�XQLWV� DUH� LQ� WKH��'�FRRUGLQDWH�
V\VWHP��,I�\RX�SODFH�DQ�REMHFW�RQH�XQLW�DZD\�IURP�WKH�RULJLQ��KRZ�IDU�ZLOO�WKDW�
EH�RQ�VFUHHQ"�,I�\RX�ZDQW�WR�SODFH�D�VSKHUH�����RI�WKH�ZD\�DFURVV�WKH�JUDSKLFV�
ZLQGRZ��KRZ�PDQ\�XQLWV� VKRXOG� \RX�PRYH� LW"

8QLWV� LQ� WKH�+\SHUFRVP�ZRUOG� DUH� LQ� IDFW� FRPSOHWHO\� UHODWLYH�� DQG�KRZ� WKH\�
DSSHDU�RQ�VFUHHQ�GHSHQGV�FRPSOHWHO\�XSRQ�FDPHUD�SODFHPHQW�DQG�SHUVSHFWLYH��
-XVW�DV�LQ�UHDO�OLIH��D�XQLW�WKDW�LV�FORVH�DSSHDUV�ODUJHU�WKDQ�D�XQLW�WKDW�LV�IDU�DZD\��
<RX�FDQ�LPDJLQH�WKH�VWDQGDUG�XQLW�WR�EH�DQ\�OHQJWK�\RX�FKRRVH³D�PLOOLPHWHU��
D�\DUG��RU�D� OLJKW�\HDU³EXW�KRZ�ELJ�D�XQLW� DSSHDUV�RQ�VFUHHQ�VWLOO�GHSHQGV�RQ�
KRZ� FORVH� LW� LV� WR� WKH� ¶FDPHUD�·

&DPHUD�SODFHPHQW�LV�GHWHUPLQHG�LQ�20$5�FRGH�E\�WKH�YDULDEOH�FDOOHG�H\H��$V�
D�GHIDXOW�� WKH� H\H� LV� SODFHG� DW� WKH� FRRUGLQDWHV����� ������!�DQG� LV� SRLQWHG�
WRZDUGV� WKH� RULJLQ�� ,I� \RX� FUHDWH� D� VKDSH� DW� WKH�RULJLQ�XVLQJ� GHIDXOW� YLHZLQJ�
SDUDPHWHUV��WKH�VKDSH�VKRXOG�SUREDEO\�EH�EHWZHHQ�RQH�DQG�WKLUW\�XQLWV�LQ�ZLGWK�
LQ�RUGHU�WR�ILW�LQ�WKH�JUDSKLFV�ZLQGRZ�DQG�QRW�EH�WRR�VPDOO��+RZHYHU��FKDQJLQJ�
DQ\�RI� WKH�YLHZLQJ�SDUDPHWHUV� �DV�GLVFXVVHG� LQ�&KDSWHU����9LHZLQJ�� RU�PRYLQJ�
WKH� VKDSHV� \RX� FUHDWH� FDQ� FKDQJH� KRZ�ELJ� D� VLQJOH�XQLW� DSSHDUV�

,Q�WKH�HQG��WKH�EHVW�PHWKRG�RI�KDQGOLQJ��'�XQLWV�LV�WR�IROORZ��RQFH�DJDLQ��WKH�
SUDFWLFH� RI�SKRWRJUDSK\��:KHQ� \RX�ZDQW� WR�GHWHUPLQH�KRZ�D� VFHQH�ZLOO� ORRN�
LQ�D�SKRWRJUDSK��\RX�GRQ·W�FDOFXODWH�EHIRUHKDQG�ZKDW�REMHFWV�ZLOO�DSSHDU�ZKHUH�
LQ� WKH�SKRWR�� ,QVWHDG��\RX� VLPSO\� ORRN� LQ� WKH�FDPHUD·V�YLHZ�ILQGHU�� DQG� LI�\RX�
GRQ·W� OLNH�ZKDW� \RX� VHH�� \RX� FDQ�PRYH� LWHPV� LQ� WKH� VFHQH��PRYH� WKH� FDPHUD��
]RRP�LQ�RU�RXW��IRFXV��HWF��6LPLODUO\��ZKHQ�\RX�ZDQW�WR�NQRZ�KRZ�D�+\SHUFRVP�
�'�VFHQH�ZLOO�ORRN�RQ�VFUHHQ��\RX�VLPSO\�UXQ�WKH�SURJUDP��,I�\RX�GRQ·W�OLNH�ZKDW�
\RX� VHH�� \RX� FDQ�PRYH� WKH� ¶YLUWXDO� FDPHUD�·� ]RRP� LQ�RU� RXW�� RU� FKDQJH� WKH�
VKDSHV� LQ� WKH� VFHQH�

7KH�%DVLF�20$5�*UDSKLFV�)LOH
7R� FUHDWH� HYHQ� WKH�PRVW� EDVLF�20$5�JUDSKLFV� VRXUFH� ILOH�� \RX�PXVW� DW� OHDVW�
LQFOXGH� WKH� IROORZLQJ�

+HDGHU�6WDWHPHQW
$W� WKH�EHJLQQLQJ�RI�HYHU\�20$5�VRXUFH�ILOH��\RX�PXVW�ZULWH�D�KHDGHU� VWDWHPHQW�
WKDW� WHOOV� WKH� FRPSXWHU�ZKLFK�SURFHGXUH� WR� UXQ� ILUVW��$�KHDGHU� VWDWHPHQW� LV�
FRPSRVHG�RI�WKH�NH\ZRUG�GR�� IROORZHG�E\�D�SURFHGXUH�QDPH��DQG�HQGV�ZLWK�D�
VHPLFRORQ��OLNH�WKLV��GR�H[DPSOH���,Q�D�JUDSKLFV�VRXUFH�ILOH��WKH�SURFHGXUH�QDPHG�
LV�HLWKHU�D�SLFWXUH�RU�DQLP��5XQQLQJ�D�SLFWXUH�SURGXFHV�D�VWLOO� LPDJH��5XQQLQJ�DQ�
DQLP�SURGXFHV�DQ�DQLPDWLRQ��ZKLFK�LV�HVVHQWLDOO\�D�VHULHV�RI�SLFWXUHV�EHLQJ�FRQWLQ�
XRXVO\� UHGUDZQ�
�� *HWWLQJ�6WDUWHG



*
HWWLQJ�6WDUWHG
1RWH�� WKH�PDMRU�GLIIHUHQFH�EHWZHHQ� VRXUFH� ILOHV� DQG� UHVRXUFH� ILOHV� LV� WKDW� D�
UHVRXUFH� ILOH� GRHV�QRW� FRQWDLQ� D�KHDGHU� VWDWHPHQW�� DQG� WKHUHIRUH� FDQQRW�EH�
FRPSLOHG� DQG� UXQ�E\� LWVHOI�

,QFOXGH�6WDWHPHQWV
$Q� LQFOXGH� VWDWHPHQW� LV� XVHG� WR� LPSRUW�20$5� FRGH� IURP�RWKHU�20$5� ILOHV��
3URGXFLQJ� HYHQ� WKH�PRVW�EDVLF� RI� JUDSKLFV� UHTXLUHV� WKDW�20$5�FRGH� LV�
LPSRUWHG� IURP� VRPH�RI�+\SHUFRVP·V� VWDQGDUG� UHVRXUFH� ILOHV��$OO� RI� WKH�
HVVHQWLDO� JUDSKLFV� UHVRXUFH� ILOHV� FDQ� EH� LQFOXGHG�E\� LQFOXGLQJ� WKH� VLQJOH� ILOH�
�G�RUHV��7KHUHIRUH�� DOPRVW� DOO�20$5�JUDSKLFV� ILOHV� VKRXOG� FRQWDLQ� WKH�
VWDWHPHQW� LQFOXGH� ��G�RUHV��� DIWHU� WKH�KHDGHU� VWDWHPHQW��2WKHU� LQFOXGH� VWDWH�
PHQWV�PD\�EH� XVHG� WR� LQFOXGH� DQ\�RI�+\SHUFRVP·V�20$5� ILOHV�RU� DQ\�RI�
\RXU�RZQ��ZKHWKHU� WKH\� DUH� UHJXODU� VRXUFH� ILOHV�RU� UHVRXUFH� ILOHV�

'HFODUDWLRQV
$W� D�EDUH�PLQLPXP�� DQ�20$5�JUDSKLFV� ILOH� UHTXLUHV� D�SLFWXUH� GHFODUDWLRQ��
5XQQLQJ�D�SLFWXUH�LV�WKH�RQO\�ZD\�WR�GLVSOD\�VRPHWKLQJ�RQ�WKH�VFUHHQ�XVLQJ�WKH�
+\SHUFRVP�V\VWHP��(YHQ�LI� WKH�KHDGHU�VWDWHPHQW�UXQV�DQ�DQLP�� WKH�DQLP�PXVW�
LQ� WXUQ� UXQ�D�SLFWXUH� LQ�RUGHU� WR�SURGXFH�DQ\� LPDJH��,QVLGH�D�SLFWXUH� DUH�VKDSH�
VWDWHPHQWV� WKDW� LQGLFDWH�ZKDW�REMHFWV� DUH� WR� DSSHDU� LQ� WKH� LPDJH��+\SHUFRVP�
FDQ�RQO\�GLVSOD\� D� VKDSH� LI� LW� LV� FDOOHG� LQVLGH� D�SLFWXUH� GHFODUDWLRQ�

,I�DQ�20$5�VRXUFH�ILOH� LV� WR� UXQ�DQ�DQLPDWLRQ�� LW�PXVW�FRQWDLQ�DQ�DQLP�GHFOD�
UDWLRQ�DV�ZHOO��)RU�PRUH�GLVFXVVLRQ�DERXW�KRZ�VRSKLVWLFDWHG�DQLPDWLRQV�FDQ�EH�
ZULWWHQ�� VHH�&KDSWHU� ���$QLPDWLRQ�

$�6LPSOH�([DPSOH
7KH� ILOH� EHORZ�FRQWDLQV� WKH�EDUH�PLQLPXP� UHTXLUHPHQWV� WR�SURGXFH� JUDSKLFV��
,W� VLPSO\�GUDZV�D�VKDGHG�VSKHUH��7H[W� WKDW�DSSHDUV�DIWHU�D�SDLU�RI� VODVKHV���� LV�
FRQVLGHUHG� D� FRPPHQW� DQG� LV� LJQRUHG�E\� WKH� FRPSXWHU�

)LJXUH������%DVLF�3LFWXUH�'HFODUDWLRQ

SLFWXUH��QDPH!�LV
�VKDSHV!

HQG�

/LVWLQJ������$�6LPSOH�3LFWXUH

GR�VSKHUHBSLFWXUH� ���7KH�KHDGHU�VWDWHPHQW��LQVWUXFWV�WKH�FRPSXWHU�WR�UXQ�µVSKHUHBSLFWXUH�¶
�
LQFOXGH���G�RUHV�� ���$Q�LQFOXGH�VWDWHPHQW��LPSRUWV�20$5�FRGH�IURP�µ�G�RUHV�¶

SLFWXUH�VSKHUHBSLFWXUH�LV ���$�SLFWXUH�GHFODUDWLRQ��VSHFLILHV�ZKDW�DSSHDUV�LQ�WKH�SLFWXUH�
GLVWDQWBOLJKW� ���&DOOV�IRU�D�GLVWDQW�OLJKW�WR�EH�FDVW�RQ�REMHFWV�LQ�WKH�SLFWXUH�
VSKHUH� ���&DOOV�IRU�D�VSKHUH�WR�EH�GUDZQ�LQ�WKH�SLFWXUH�

HQG�
7KH�%DVLF�20$5�*UDSKLFV�)LOH ��



$�0RUH�,QWHUHVWLQJ�([DPSOH
2QO\�D� OLWWOH�PRUH�FRGH� LV�QHHGHG�WR�SURGXFH�PXFK�PRUH� LQWHUHVWLQJ�JUDSKLFV��
7KH� IROORZLQJ�H[DPSOH� ILOH� FUHDWHV� DQ� LQWHUDFWLYH�DQLPDWLRQ� WKDW� DOORZV� \RX� WR�
VSLQ�D�FXEH�DURXQG��]RRP�LQ�DQG�RXW��DQG�SDQ�WKH�FDPHUD�DURXQG�E\�SUHVVLQJ�
PRXVH�EXWWRQV�DQG�GUDJJLQJ��0RUH�LQIRUPDWLRQ�DERXW�KRZ�WKLV�ZRUNV� LV�JLYHQ�
LQ�&KDSWHU� ���$QLPDWLRQ��

/LVWLQJ������$Q�,QWHUDFWLYH�&XEH

GR�FXEHBDQLP�

LQFOXGH���G�RUHV��
LQFOXGH��DQLPV�RUHV�� ���µDQLPV�RUHV¶�LV�QHHGHG�WR�XVH�µPRXVHBFRQWUROOHGBSLFWXUH�¶

SLFWXUH�FXEHBSLFWXUH�LV
GLVWDQWBOLJKW�IURP���������!�
EORFN�

HQG�

DQLP�FXEHBDQLP�LV
PRXVHBFRQWUROOHGBSLFWXUH�FXEHBSLFWXUH� ��µPRXVHBFRQWUROOHGBSLFWXUH¶�LV�D�VSHFLDO�SURFHGXUH�

���WKDW�WDNHV�D�SLFWXUH�DQG�PDNHV�LW�DQ�LQWHUDFWLYH
���DQLPDWLRQ�

HQG�
�� *HWWLQJ�6WDUWHG



&+$37(5��

0RGHOLQJ

,Q� FRPSXWHU� JUDSKLFV�� WKH� WHUP�PRGHOLQJ� UHIHUV� WR� WKH�SURFHVV�RI�GHILQLQJ�� RU�
EXLOGLQJ�DOO�RI�WKH�VKDSHV�LQ�D�VFHQH��2QFH�\RX�KDYH�GHILQHG�D�VFHQH��LW�PD\�EH�
WXUQHG� LQWR� D�SLFWXUH� WKURXJK� WKH�SURFHVV�RI� UHQGHULQJ��ZKLFK� LV� FRYHUHG� LQ�
&KDSWHU� ���5HQGHULQJ�

2EMHFWV� LQ� WKH� UHDO�ZRUOG� DUH�FRPSRVHG�RI�PDQ\�GLIIHUHQW� VKDSHV�DQG� VXUIDFH�
W\SHV��DQG�LW�LV�FKDOOHQJLQJ�WR�WU\�WR�PRGHO�VXFK�YDULHW\�RQ�WKH�FRPSXWHU��6RPH�
VKDSHV� DUH� VXUSULVLQJO\� HDV\� WR� UHSUHVHQW�ZLWK� D� FRPSXWHU��ZKLOH� VRPH� DUH�
UHPDUNDEO\�GLIILFXOW��$�PROHFXOH�� IRU� H[DPSOH��PD\�EH�PRGHOHG� DV� D� JURXS�RI�
VSKHUHV��7KLV�LV�HDV\�WR�GR�RQ�D�FRPSXWHU�EHFDXVH�D�VSKHUH�LV�D�EDVLF�JHRPHWULF�
VKDSH� DQG� LV� WKHUHIRUH� HDVLO\� GHILQHG�� 6RPHWKLQJ� OLNH� D�SHUVRQ�� KRZHYHU�� LV� D�
PXFK�PRUH�GLIILFXOW�VKDSH�WR�PRGHO�EHFDXVH�SHRSOH�FRPH�LQ�DOO�VRUWV�RI�VKDSHV�
ZLWK� ORWV�RI� VOLJKWO\�GLIIHULQJ�FXUYHV��&RPSXWHU�JUDSKLFV� LV� VWLOO�QRW�FDSDEOH�RI�
UHDOLVWLFDOO\�PRGHOLQJ�PDQ\�VKDSHV��VXFK�DV�FORXGV��ILUH��RU�KDLU��+RZHYHU��ZKLOH�
FKDOOHQJLQJ��LW·V�XVXDOO\�SRVVLEOH�WR�ILJXUH�RXW�DQ�DGHTXDWH�ZD\�RI�PRGHOLQJ�PRVW�
REMHFWV�ZLWK�EDVLF� HDVLO\�PRGHOHG� VKDSHV��

(OHPHQWV�RI�0RGHOLQJ
7KH� WKUHH� EDVLF� FRPSRQHQWV�RI�PRGHOLQJ� WKDW� WKLV� FKDSWHU� FRYHUV� DUH�

� *HRPHWU\��7KH�SUHFLVH�VL]H�� VKDSH��DQG� ORFDWLRQ�RI�HDFK�VKDSH�LQ�D�VFHQH�
PXVW� DOO� EH� VSHFLILHG��

� /LJKWLQJ��7KH� OLJKWLQJ�RI� D� VFHQH�GHWHUPLQHV� KRZ�EULJKW�REMHFWV� DSSHDU�
DQG�KRZ� WKH\� DUH� VKDGHG��<RX�PXVW�GHILQH�ZKHUH� OLJKW� LV� FRPLQJ� IURP��
KRZ�EULJKW� LW� LV� DQG�ZKDW� FRORU� LW� LV��

� 6XUIDFH�$WWULEXWHV��,Q�D� OLJKWHG�� WKUHH�GLPHQVLRQDO�VFHQH�� WKH�FRORU�RI�DQ�
REMHFW� YDULHV� DFURVV� LWV� VXUIDFH��+RZ� WKH� FRORU� YDULHV�GHSHQGV�RQ� WKH�
��



PDWHULDO� WKH� REMHFW� LV�PDGH�RI��0HWDO�� SODVWLF�� DQG�SDSHU� DOO� UHIOHFW� OLJKW�
GLIIHUHQWO\��7KXV��PRGHOLQJ�DOVR�LQYROYHV�VSHFLI\LQJ�DQ�REMHFW·V�PDWHULDO�RU�
WH[WXUH�

3ULPLWLYH�6KDSHV
7KH� ILUVW� LPSRUWDQW� DVSHFW�RI�PRGHOLQJ� LV�GHILQLQJ�D� VFHQH·V�JHRPHWU\��$OO� WKH�
VKDSHV� \RX� FUHDWH�� QR�PDWWHU� KRZ�FRPSOH[��PXVW�EH�EXLOW� XS� IURP�EDVLF�
JHRPHWULF� VKDSHV� WKDW� WKH� FRPSXWHU� NQRZV�KRZ� WR� GUDZ��7KHVH� EDVLF� VKDSHV�
DUH� NQRZQ� DV�SULPLWLYH� VKDSHV�

7KH�SULPLWLYH� VKDSHV� DUH�GLYLGHG� LQWR� IRXU� JURXSV��
� 4XDGULFV�
� 3ODQDU�SULPLWLYHV
� 1RQ�SODQDU� SULPLWLYHV
� 1RQ�VXUIDFH�SULPLWLYHV

,Q� WKH�+\SHUFRVP� V\VWHP�� OLJKWV� DUH� DOVR� FRQVLGHUHG� WR�EH� D� VSHFLDO� FODVV�RI�
SULPLWLYH� VKDSHV�� EXW�ZLOO� EH�GLVFXVVHG� ODWHU�

4XDGULFV
7KHUH� DUH� VL[�GLIIHUHQW� W\SHV�RI� TXDGULFV��
� 6SKHUH
� &\OLQGHU
� &RQH
� 3DUDERORLG
� +\SHUERORLG�
� +\SHUERORLG�

7KHVH�TXDGULFV�DUH�DOO�VXUIDFHV�RI�UHYROXWLRQ��7KHLU�VXUIDFHV�DUH�GHILQHG�E\�WKH�
W\SHV�RI�FXUYHV�NQRZQ�DV�FRQLF�VHFWLRQV��7KH�VSKHUH��F\OLQGHU��DQG�FRQH�VKDSHV�
VKRXOG�EH�YHU\� IDPLOLDU� WR� \RX��

7KH�K\SHUERORLG�� LV� WKH� VKDSH� RI� D� FRROLQJ� WRZHU�RI� D�QXFOHDU� UHDFWRU� DQG� LV�
DOVR� URXJKO\� WKH� VKDSH�RI� WKH�EHOO� RI� D�PXVLFDO� LQVWUXPHQW� VXFK� DV� D� WUXPSHW��
7KH�SDUDERORLG� DQG�K\SHUERORLG�� DUH� JXPGURS�VKDSHG� VXUIDFHV� WKDW� \RX� FDQ�
XVH� WR�PRGHO� VXFK� WKLQJV� DV�GRPHV�RU� VDWHOOLWH� GLVKHV�

3ODQDU�3ULPLWLYHV
7KHUH� DUH� VL[�GLIIHUHQW� W\SHV�RI� SODQDU�SULPLWLYHV��
� 3ODQH
� 'LVN
� 5LQJ
� 7ULDQJOH
� 3DUDOOHORJUDP
� 3RO\JRQ
�� 0RGHOLQJ



0
RGHOLQJ
$V� WKHLU� QDPH� LPSOLHV�� WKHVH�SULPLWLYHV� DUH� DOO� IODW�� DV� WKRXJK� FXW� RXW�RI� DQ�
LQILQLWHO\� WKLQ� VKHHW�RI�SDSHU��7KH�SODQH� LV�PRVW� XVHIXO� IRU� UHSUHVHQWLQJ� WKH�
JURXQG� �FRPSXWHU� JUDSKLFV�SHRSOH�EHOLHYH� LQ� D� IODW� HDUWK��� ,Q� WKH� UD\WUDFLQJ�
UHQGHU�PRGH��WKH�SODQH� LV�UHQGHUHG�DV�DQ�LQILQLWH�SODQH��,Q�WKH�RWKHU�UHQGHULQJ�
PRGHV�� WKH�SODQH� LV� UHSUHVHQWHG�E\� D� ILQLWH�SODQDU� JULG��

7KH�GLVN�DQG� ULQJ�DUH�YHU\�XVHIXO� IRU�FDSSLQJ� WKH�HQGV�RI�TXDGULF�SULPLWLYHV�
OLNH�WKH�F\OLQGHU�RU�FRQH�WR�PDNH�WKHP�ORRN�VROLG��7KH�WULDQJOH��SDUDOOHORJUDP��
DQG�SRO\JRQ�DUH�DOO� XVHIXO�ZKHQ� FRQVWUXFWLQJ� VKDSHV�ZLWK� D� ORW� RI� IODW� IDFHV��
VR� WKH\� DUH� FRPPRQO\� XVHG� LQ� DUFKLWHFWXUDO� DQG�PHFKDQLFDO� GHVLJQ�

1RQ�3ODQDU�3ULPLWLYHV
7KHUH� DUH� VL[�GLIIHUHQW� W\SHV�RI� QRQ�SODQDU� SULPLWLYHV��
� 7RUXV
� %ORFN
� 6KDGHG� WULDQJOH
� 6KDGHG�SRO\JRQ
� 0HVK
� %ORE

7KH�WRUXV�LV�D�GRXJKQXW�VKDSH��7KH�EORFN�LV�D�VLPSOH�EORFN��7KH�VKDGHGBWULDQJOH�
DQG�VKDGHGBSRO\JRQ�DUH� OLNH�WLQ\�SLHFHV�RI�D�FXUYHG�VXUIDFH��,I�\RX�SXW�D�ODUJH�
QXPEHU�RI�WKHP�WRJHWKHU��ZLWK�WKHLU�FXUYDWXUH�PDWFKLQJ�DW�WKH�HGJHV��WKH\�FDQ�
EH�XVHG� WR� DSSUR[LPDWH� FXUYHG� VKDSHV��7KH�PHVK� LV� DQ� HIILFLHQW�ZD\�RI� UHSUH�
VHQWLQJ�DQ\�JHQHUDO�VKDSH�RU�VXUIDFH�DV�D�FROOHFWLRQ�RI�WLQ\�IDFHWV��6KDSHV�ZLWK�
XQXVXDO�FXUYHG�VXUIDFHV�VXFK�DV�DXWRPRELOHV��DLUFUDIW��RU�KXPDQ�ILJXUHV�DUH�RIWHQ�
UHSUHVHQWHG� WKLV�ZD\��7KH�EORE� FDQ�EH�XVHG� WR�PRGHO� VXFK� VKDSHV� DV�ZDWHU�
GURSOHWV��PROHFXOHV�� DQG�RUJDQLF� VKDSHV� WKDW� IORZ� WRJHWKHU�DQG�ZRXOG�EH�KDUG�
WR� FRQVWUXFW�RWKHUZLVH�

1RQ�6XUIDFH�3ULPLWLYHV
7KHUH�DUH� WKUHH�GLIIHUHQW� W\SHV�RI�QRQ�VXUIDFH�SULPLWLYHV��SRLQWV�� OLQHV�� DQG� D�
YROXPH�SULPLWLYH��7KH�SRLQWV�DQG�OLQHV�DUH�FDOOHG�QRQ�VXUIDFH�SULPLWLYHV�EHFDXVH�
WKH\� DUH� LQILQLWHO\� WLQ\� DQG� WKHUHIRUH�GR�QRW�GHILQH� D� VXUIDFH�� 6LQFH� WKH\� DUH�
LQILQLWHO\�WLQ\��SRLQWV�DUH�UHSUHVHQWHG�RQ�WKH�FRPSXWHU�VFUHHQ�DV�LQGLYLGXDO�SL[HOV��
DQG� OLQHV� DUH� UHSUHVHQWHG� DV� FRQWLJXRXV�� RQH�SL[HO�ZLGH� JURXSV�RI�SL[HOV��7KH�
YROXPH�SULPLWLYH�GRHV�QRW�KDYH� DQ� H[SOLFLWO\� GHILQHG� VXUIDFH� EXW� LV� LQVWHDG�
VSHFLILHG� DV� D�GHQVLW\� ILHOG�
3ULPLWLYH�6KDSHV ��



8VLQJ�WKH�3ULPLWLYHV
7KH�IROORZLQJ�SDJHV�LOOXVWUDWH�WKH�GHFODUDWLRQV�RI�DOO�WKH�JHRPHWULF�SULPLWLYHV�DV�
WKH\�DSSHDU� LQ� WKH�ILOH��QDWLYHBPRGHO�RUHV��6KDSHV�DUH�DFWXDOO\� FDOOHG� LQ�SLFWXUH�
GHFODUDWLRQV�RU� LQ�RWKHU�VKDSH�GHFODUDWLRQV��7R�UHVHW�D�VKDSH·V�SDUDPHWHUV��\RX�
PXVW�XVH� WKH�NH\ZRUG�ZLWK�ZKHQ�\RX�FDOO� WKH�VKDSH��7R� OHDUQ�PRUH�DERXW� WKH�
V\QWD[�RI� SURFHGXUH� FDOOV�� FRQVXOW�7KH�20$5�3URJUDPPLQJ�/DQJXDJH�5HIHUHQFH�
0DQXDO� DQG�3URJUDPPLQJ�*XLGH�

([DPSOH��8VLQJ�3ULPLWLYH�6KDSHV

SLFWXUH�H[DPSOH�LV
VSKHUH� ���7KLV�VSKHUH�XVHV�WKH�VSKHUH¶V�GHIDXOW�SDUDPHWHUV

FRQH�ZLWK ���7KLV�FRQH�XVHV�GHIDXOW�SDUDPHWHUV��H[FHSW�IRU�WKH�SDUDPHWHUV�UHVHW�EHORZ�
HQG�� ��������!�
HQG�� �������!�
XPD[� �����

HQG�
HQG�
�� 0RGHOLQJ



0
RGHOLQJ
4XDGULF�3ULPLWLYHV

)LJXUH�������7KH�6SKHUH

VKDSH�VSKHUH�ZLWK
YHFWRU�FHQWHU� �������!�
VFDODU�UDGLXV� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����
VFDODU�YPLQ� �����
VFDODU��YPD[� ����

HQG�

)LJXUH�������7KH�&\OLQGHU

VKDSH�F\OLQGHU�ZLWK
YHFWRU�HQG�� �������!�
YHFWRU�HQG�� ��������!�
VFDODU�UDGLXV� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����

HQG�

)LJXUH�������7KH�&RQH

VKDSH�FRQH�ZLWK
YHFWRU�HQG�� �������!�
YHFWRU�HQG�� ��������!�
VFDODU�UDGLXV�� ���
VFDODU�UDGLXV�� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����

HQG�
3ULPLWLYH�6KDSHV ��



4XDGULF�3ULPLWLYHV

)LJXUH�������7KH�3DUDERORLG

VKDSH�SDUDERORLG�ZLWK
YHFWRU�WRS� �������!�
YHFWRU�EDVH� ��������!
VFDODU�UDGLXV� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����

HQG�

)LJXUH�������7KH�+\SHUERORLG�

VKDSH�K\SHUERORLG��ZLWK
YHFWRU�HQG�� �������!�
YHFWRU�HQG�� ��������!�
VFDODU�UDGLXV�� ����
VFDODU�UDGLXV�� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����

HQG�

)LJXUH�������7KH�+\SHUERORLG�

VKDSH�K\SHUERORLG��ZLWK
YHFWRU�WRS� �������!�
YHFWRU�EDVH� ��������!�
VFDODU�UDGLXV� ���
VFDODU�HFFHQWULFLW\� ����

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
3ODQDU�3ULPLWLYHV

)LJXUH�������7KH�3ODQH

VKDSH�SODQH�ZLWK
YHFWRU�RULJLQ� �������!�
YHFWRU�QRUPDO� �������!�

HQG�

)LJXUH�������7KH�'LVN

VKDSH�GLVN�ZLWK
YHFWRU�FHQWHU� �������!�
YHFWRU�QRUPDO� �������!�
VFDODU�UDGLXV� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����

HQG�

)LJXUH�������7KH�5LQJ

VKDSH�ULQJ�ZLWK
YHFWRU�FHQWHU� �������!�
YHFWRU�QRUPDO� �������!�
VFDODU�LQQHUBUDGLXV� ����
VFDODU�RXWHUBUDGLXV� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����

HQG�
3ULPLWLYH�6KDSHV ��



3ODQDU�3ULPLWLYHV

)LJXUH��������7KH�7ULDQJOH

VKDSH�WULDQJOH
YHFWRU�YHUWH[��
YHFWRU�YHUWH[��
YHFWRU�YHUWH[��

HQG�

)LJXUH��������7KH�3DUDOOHORJUDP

VKDSH�SDUDOOHORJUDP�ZLWK
YHFWRU�YHUWH[� ��������!�
YHFWRU�VLGH�� �������!�
YHFWRU�VLGH�� �������!�

HQG�

)LJXUH��������7KH�3RO\JRQ

VKDSH�SRO\JRQ�
YHFWRU�YHUWLFHV>@�

ZLWK
YHFWRU�WH[WXUH>@�

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
1RQ�3ODQDU�3ULPLWLYHV

)LJXUH��������7KH�7RUXV

VKDSH�WRUXV�ZLWK
YHFWRU�FHQWHU� �������!�
YHFWRU�QRUPDO� �������!�
VFDODU�LQQHUBUDGLXV� ����
VFDODU�RXWHUBUDGLXV� ���

���6ZHHS�SDUDPHWHUV
VFDODU�XPLQ� ���
VFDODU�XPD[� �����
VFDODU�YPLQ� ���
VFDODU�YPD[� �����

HQG�

)LJXUH��������7KH�%ORFN

VKDSH�EORFN�ZLWK
YHFWRU�YHUWH[ ���������!�
YHFWRU�VLGH�� �������!�
YHFWRU�VLGH�� �������!�
YHFWRU�VLGH�� �������!�

HQG�

)LJXUH��������7KH�6KDGHGB7ULDQJOH

VKDSH�VKDGHGBWULDQJOH�
YHFWRU�YHUWH[��
YHFWRU�YHUWH[��
YHFWRU�YHUWH[��

YHFWRU�QRUPDO��
YHFWRU�QRUPDO��
YHFWRU�QRUPDO��

�HQG�
3ULPLWLYH�6KDSHV ��



1RQ�3ODQDU�3ULPLWLYHV

)LJXUH��������7KH�6KDGHGB3RO\JRQ

VKDSH�VKDGHGBSRO\JRQ
YHFWRU�YHUWLFHV>@�
YHFWRU�QRUPDOV>@�

ZLWK
YHFWRU�WH[WXUHV>@�

HQG�

)LJXUH��������7KH�0HVK

VKDSH�PHVK�
YHFWRU�YHUWLFHV>@�
LQWHJHU�HGJHV>�@�
LQWHJHU�IDFHV>@�

ZLWK
YHFWRU�QRUPDOV>@�
YHFWRU�WH[WXUHV>@�
ERROHDQ�VPRRWKLQJ�LV�WUXH�
ERROHDQ�PHQGLQJ�LV�IDOVH�
ERROHDQ�FORVHG�LV�IDOVH�

HQG�

)LJXUH��������7KH�%ORE

VKDSH�EORE�
YHFWRU�FHQWHUV>@�

ZLWK
VFDODU�UDGLL>@�
VFDODU�VWUHQJWKV>@�
VFDODU�WKUHVKROG� ����

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
1RQ�6XUIDFH�3ULPLWLYHV

)LJXUH��������3RLQWV

VKDSH�SRLQWV
YHFWRU�YHUWLFHV>@�

HQG�

)LJXUH��������/LQH

VKDSH�OLQH
� YHFWRU�YHUWLFHV>@�
HQG�

)LJXUH��������9ROXPH

VKDSH�YROXPH
VFDODU�GHQVLWLHV>��@�
LQ�IRUP�RI�YHFWRU�YHUWLFHV>��@

LV�QRQH�
ZLWK

YHFWRU�YHUWH[>��@�
VFDODU�WKUHVKROG� ����
ERROHDQ�FDSSLQJ�LV�WUXH�
ERROHDQ�VPRRWKLQJ�LV�WUXH�

HQG�
3ULPLWLYH�6KDSHV ��



$�&ORVHU�/RRN�DW�WKH�3ULPLWLYHV
6RPH�DVSHFWV�RI�WKH�SULPLWLYHV�DUH�FRPSOLFDWHG�DQG�UHTXLUH�IXUWKHU�H[SODQDWLRQ�

6ZHHSV�RU�3DUWLDO�6XUIDFHV
3ULPLWLYHV� WKDW� DUH�GHULYHG� IURP� FLUFOHV� FDQ� EH� FXW� DORQJ� ORQJLWXGH� OLQHV� DQG�
VRPHWLPHV� DORQJ� ODWLWXGH� OLQHV��7KLV� UHVXOWV� LQ� D�SDUWLDO� VXUIDFH� FDOOHG� D� VZHHS��
7KH� VXUIDFHV� WKDW�DOORZ� WKLV�RSHUDWLRQ�DUH� WKH�TXDGULFV�� WKH�GLVN�DQG� ULQJ�� DQG�
WKH� WRUXV�

/RQJLWXGH�DQG�/DWLWXGH
2Q� D� JOREH�� WKH� ORQJLWXGH� OLQHV� DUH� WKH� OLQHV� WKDW� UXQ� IURP� WKH�QRUWK�SROH� WR�
WKH� VRXWK�SROH��7KH� ODWLWXGH� OLQHV� DUH� WKH�RQHV� WKDW� FLUFOH� WKH� JOREH�SDUDOOHO� WR�
WKH� HTXDWRU��<RX� FDQ�GHVFULEH� D� VZHHS� LQ� WHUPV� RI�PLQLPXP�DQG�PD[LPXP�
ORQJLWXGH� DQG� ODWLWXGH��

7KH� ORQJLWXGH� UHVWUDLQWV� DUH� WKH�SDUDPHWHUV�XPLQ� DQG�XPD[��/RQJLWXGH� LV�
PHDVXUHG�LQ�GHJUHHV�DQG�XVXDOO\�UDQJHV�EHWZHHQ���DQG������$QJOHV�JUHDWHU�WKDQ�
����RU�OHVV�WKDQ���ZLOO�ZUDS�DURXQG�DXWRPDWLFDOO\�E\�DGGLQJ�RU�VXEWUDFWLQJ�����
GHJUHHV��

7KH� ODWLWXGH� UHVWUDLQWV� DUH�YPLQ� DQG�YPD[��/DWLWXGH�XVXDOO\� UDQJHV� IURP����� WR�
���ZLWK� ��GHJUHHV� DW� WKH� HTXDWRU��/DWLWXGLQDO� DQJOHV� WKDW� DUH�RXW�RI� UDQJH�ZLOO�
DXWRPDWLFDOO\�ZUDS�DURXQG�E\�DGGLQJ�RU�VXEWUDFWLQJ�����GHJUHHV��7KH�ORQJLWXGH�
DQG� ODWLWXGH� DUH�PHDVXUHG� LQ� WKH� ORFDO� FRRUGLQDWHV�RI� WKH�SULPLWLYH�

)LJXUH��������/RQJLWXGH�DQG�/DWLWXGH
�� 0RGHOLQJ



0
RGHOLQJ
)LJXUH�������$�&LUFXODU�:DYH�8VLQJ�6ZHHSV

/LVWLQJ������8VLQJ�6ZHHSV�RI�7RULL�WR�&UHDWH�D�&LUFXODU�:DYH

GR�FLUFOHBZDYHBSLFWXUH�

LQFOXGH���G�RUHV��

VKDSH�FLUFOHBZDYH�ZLWK
LQWHJHU�VWHSV� ���
VFDODU�UDGLXV� ����XFXW� �����

LV
VFDODU�VWHSVL]H� �UDGLXV���VWHSV�

VSKHUH�ZLWK
UDGLXV� �VWHSVL]H��XPD[� �XFXW�
YPLQ� ����YPD[� ����

HQG�

IRU�LQWHJHU�L� �������VWHSV������GR
LI�HYHQ�L�WKHQ

WRUXV�ZLWK
LQQHUBUDGLXV� �L�
�VWHSVL]H��RXWHUBUDGLXV� ��L������
�VWHSVL]H�
XPD[� �XFXW��YPLQ� ����YPD[� �����

HQG� ���FUHVWV
HOVH

WRUXV�ZLWK
LQQHUBUDGLXV� �L�
�VWHSVL]H��RXWHUBUDGLXV� ��L������
�VWHSVL]H�
XPD[� �XFXW��YPLQ� ������YPD[� �����

HQG� ���WURXJKV
HQG�

HQG�
HQG� ���FLUFOHBZDYH

SLFWXUH�FLUFOHBZDYHBSLFWXUH�ZLWK
H\H� ��������!�

LV
VSKHUH�ZLWK�FHQWHU� ��������!��UDGLXV� �����FRORU� �DTXD��HQG� ���ELJ�GURSOHW
VSKHUH�ZLWK�FHQWHU� ��������!��UDGLXV� �������FRORU� �DTXD��HQG� ���OLWWOH�GURSOHW
FLUFOHBZDYH�ZLWK�VWHSV� �����XFXW� ������HQG�

HQG� ���FLUFOHBZDYHBSLFWXUH
$�&ORVHU�/RRN�DW�WKH�3ULPLWLYHV ��



0HDVXULQJ�/RQJLWXGH
/RQJLWXGH� LV� DOZD\V�PHDVXUHG� DV�GHJUHHV�RI� FRXQWHUFORFNZLVH� URWDWLRQ� DURXQG�
WKH�=�D[LV��VWDUWLQJ�LQ�WKH�SRVLWLYH�;�GLUHFWLRQ��7KLV�PHDQV�WKDW� LI�\RX�ZDQW� WR�
FUHDWH�D�TXDUWHU�F\OLQGHU�WKDW�VZHHSV�IURP�WKH�SRVLWLYH�;�GLUHFWLRQ�WR�WKH�SRVLWLYH�
<� GLUHFWLRQ�� \RX� VKRXOG�XVH� D� F\OLQGHU�SULPLWLYH� DQG� VHW� LWV�XPLQ� WR� �� DQG� LWV�
XPD[� WR� ���

+RZHYHU��LI�D�SULPLWLYH�LV�URWDWHG�VR�WKDW�LWV�D[LV�RI�URWDWLRQ�GRHV�QRW�FRUUHVSRQG�
WR�WKH�UHDO�=�D[LV��VHH�)LJXUH�������WKHQ�WKH�SULPLWLYH·V�ORQJLWXGH�PHDVXUHPHQW�
LV� GHWHUPLQHG�E\� LWV� ORFDO� FRRUGLQDWHV��7KH� ORFDO�=�D[LV� RI� D�SULPLWLYH� LV� DOZD\V�
VLPSO\� DOLJQHG�ZLWK� LWV� D[LV� RI� URWDWLRQ��7KH� ORFDO�;�D[LV� RI� D�SULPLWLYH� LV�
FRPSXWHG�E\� ILQGLQJ� WKH� YHFWRU� WKDW� LV� FORVHVW� WR� WKH� UHDO�;�GLUHFWLRQ� DQG� LV�
VWLOO�SHUSHQGLFXODU� WR� WKH� ORFDO�=�D[LV�RI� WKH�SULPLWLYH��7KH� ORFDO�<�D[LV� RI� WKH�
SULPLWLYH� LV�WKH�GLUHFWLRQ�WKDW� LV�SHUSHQGLFXODU�WR� WKH�ORFDO�=�D[LV�DQG�WKH� ORFDO�
;�D[LV��ZKLFK� DUH�ERWK�GHILQHG� DERYH�

7KH�0HVK�3ULPLWLYH
$�PHVK� LV� D� JURXS�RI�SRO\JRQDO� IDFHWV� WKDW� FDQ� EH� DXWRPDWLFDOO\� VKDGHG� LQ� D�
ZD\�WKDW�PDNHV�LW�DSSHDU�WR�EH�VPRRWKO\�FXUYHG��7KH�FRPSXWHU�VKDGHV�D�W\SLFDO�
SRO\JRQ�E\�XVLQJ� WKH� SRO\JRQ·V� QRUPDO³WKH�GLUHFWLRQ�SHUSHQGLFXODU� WR� WKH�
SRO\JRQ·V�VXUIDFH³WR�GHWHUPLQH�KRZ�PXFK�OLJKW� LV�UHIOHFWHG�RII�WKH�SRO\JRQ·V�
VXUIDFH��7KH�QRUPDOV�RI�D�PHVK·V�IDFHWV��KRZHYHU��DUH�DXWRPDWLFDOO\�DGMXVWHG�LQ�
VXFK�D�ZD\� WKDW�ZKHQ�VKDGLQJ� LV�GRQH�� WKH� IDFHWV� DSSHDU� WR�EH�FXUYHG� LQVWHDG�
RI� IODW�

<RX�VSHFLI\�D�PHVK�E\�GHILQLQJ�DQ�DUUD\�RI�YHUWLFHV��DQ�DUUD\�RI�HGJHV��DQG�DQ�
DUUD\�RI� IDFHV��7KH�YHUWLFHV� DUH� YHFWRUV��7KH� HGJHV� DUH�SDLUV� RI� LQGLFHV� WR� WKH�
YHUWLFHV��7KH�IDFH�DUUD\�FRQWDLQV�LQGLFHV�WR�HGJHV��7KH�LQGH[�����LV�XVHG�WR�LQGLFDWH�
WKH�HQG�RI�D�IDFH��7KH�IDFH�DUUD\��>�����������������@�GHILQHV�WZR�IDFHV�EHFDXVH�
WKHUH� DUH� WZR� OLVWV� RI� LQWHJHUV�GHOLPLWHG�E\� ]HURV��

)LJXUH��������/RFDO�&RRUGLQDWHV�RI�D�6XUIDFH�RI�5RWDWLRQ
�� 0RGHOLQJ



0
RGHOLQJ
<RX�PXVW�VSHFLI\� WKH�HGJHV�RI�D� IDFH� LQ�D�FRQVLVWHQW�RUGHU��PHDQLQJ� WKDW� WKH\�
PXVW�DOO�JR�FORFNZLVH��RU�DOO�JR�FRXQWHUFORFNZLVH��7KH�SRVLWLYH�GLUHFWLRQ�RI�DQ�
HGJH� LV� GHILQHG� E\� WKH�RUGHU� LQ�ZKLFK� WKH� YHUWLFHV� DUH� JLYHQ��7R� VSHFLI\� WKDW�
\RX�ZDQW� DQ� HGJH� WKDW� JRHV� LQ� WKH� RSSRVLWH�GLUHFWLRQ�� SXW� D�QHJDWLYH� VLJQ� LQ�
IURQW�RI� WKH� LQGH[� WR� WKH�HGJH��)RU�H[DPSOH�� LI�\RX�KDYH� WKH�IDFH�>�� ��������@��
WKDW�PHDQV�WKDW�HGJH���LV�IROORZHG�E\�WKH�UHYHUVH�RI�HGJH����IROORZHG�E\�HGJHV�
�� DQG����7KH� IRUPDW� LV� LOOXVWUDWHG�E\� WKH� IROORZLQJ� H[DPSOH�� � � � �

)LJXUH��������&XEH�9HUWLFHV

)LJXUH��������&XEH�(GJHV
$�&ORVHU�/RRN�DW�WKH�3ULPLWLYHV ��



)LJXUH��������&XEH�)DFHV

([DPSOH��8VLQJ�D�0HVK

VKDSH�FXEH�LV
PHVK

���YHUWLFHV
>���������!���������!��������!���������!
���������!��������!�������!��������!@

���HGJHV
>>���@>���@>���@>���@>���@>���@
>���@>���@>���@>���@>���@>���@@

���IDFHV
>�������������������������������������
����������������������������������������@�

HQG� ���FXEH

)LJXUH��������7KH�&XEH�0HVK
�� 0RGHOLQJ



0
RGHOLQJ
7KH�6KDGHG�7ULDQJOH�	�6KDGHG�3RO\JRQ
7KH�VKDGHG�WULDQJOH�DQG�VKDGHG�SRO\JRQ�DUH� OLNH�SLHFHV�RI�D�PHVK� LQ� WKDW�WKH\�
DUH�IODW�VKDSHV�WKDW�FDQ�EH�VKDGHG�DV� LI�WKH\�ZHUH�FXUYHG��7KH�PHVK��KRZHYHU��
NQRZV�ZKLFK� IDFHWV�DUH�DGMDFHQW� WR�ZKLFK�RWKHU� IDFHWV�� VR� LW� FDQ�DXWRPDWLFDOO\�
FRPSXWH�WKH�QRUPDOV�WR�SHUIRUP�VPRRWK�VKDGLQJ��:LWK�WKH�VKDGHG�SRO\JRQ�DQG�
VKDGHG�WULDQJOH��KRZHYHU��\RX�PXVW�VSHFLI\�WKH�QRUPDOV�DW�WKH�YHUWLFHV�\RXUVHOI�

7KH�QRUPDOV�PXVW�DOO�EH�VSHFLILHG�WR�SRLQW�LQ�WKH�VDPH�GLUHFWLRQ�UHODWLYH�WR�WKH�
SODQH� RI� WKH�SRO\JRQ�� ,I� WKH\� GRQ·W� SRLQW� LQ� WKH� VDPH�GLUHFWLRQ�� YHU\� VWUDQJH�
VKDGLQJ� HIIHFWV�RFFXU�

)LJXUH��������7KH�&XEH�0HVK�ZLWK�6PRRWKLQJ

)LJXUH��������1RUPDOV�LQ�WKH�6DPH�'LUHFWLRQ
$�&ORVHU�/RRN�DW�WKH�3ULPLWLYHV ��



5HPHPEHU�WKDW�WKH�PHVK��VKDGHG�WULDQJOH��DQG�VKDGHG�SRO\JRQ�DUH�DOO�PHDQV�RI�
DSSUR[LPDWLQJ�FXUYHG�VXUIDFHV��7KH\�ZLOO�QRW�\LHOG�JUHDW�UHVXOWV�LI�WKH�QXPEHU�RI�
SRO\JRQV�XVHG�WR�DSSUR[LPDWH�D�VXUIDFH�LV�YHU\�ORZ��,I�WKH�VKDGLQJ�ORRNV�VWUDQJH��
\RX�PLJKW� QHHG� WR� XVH�PRUH�SRO\JRQV� WR� DSSUR[LPDWH� WKH� FXUYH�

7KH�9ROXPH�3ULPLWLYH
7KH�YROXPH�SULPLWLYH� LV� XVHIXO� IRU� VFLHQWLILF� YLVXDOL]DWLRQ� DQG� IRU�PRGHOLQJ�
VKDSHV�WKDW�ZRXOG�EH�GLIILFXOW�WR�GHILQH�H[SOLFLWO\�LQ�WHUPV�RI�WKHLU�YHUWLFHV��HGJHV�
DQG� IDFHV��$� YROXPH�SULPLWLYH� FRQWDLQV� LQIRUPDWLRQ� DERXW� D� YROXPH·V�GHQVLW\�
DW�UHJXODU�SRLQWV�WKURXJKRXW�WKH�YROXPH��:KDW�DSSHDUV�RQ�VFUHHQ�LV�WKH�SRUWLRQ�
RI� WKH� YROXPH� WKDW�KDV�GHQVLW\� YDOXHV� JUHDWHU� WKDQ� WKH� YROXPH·V� WKUHVKROG�
SDUDPHWHU��

7KH�YROXPH�SULPLWLYH�QRUPDOO\� WDNHV� WKH� VKDSH�RI� D� XQLW� FXEH��7R�PDNH� D�
YROXPH�RI� VRPH�RWKHU� UHFWDQJXODU� VKDSH�� \RX�FDQ� VLPSO\� VFDOH� WKH�FXEH� DORQJ�
LWV�D[HV� WR�DWWDLQ� WKH�GHVLUHG�VKDSH��)RU�QRQ�UHFWDQJXODU�YROXPHV��\RX�KDYH� WR�
VSHFLI\�WKH�VKDSH�RI�WKH�YROXPH�E\�DQ�RSWLRQDO�DUUD\�RI�YHUWLFHV��)RU�H[DPSOH��
LI�\RX�ZDQW�WR�YLVXDOL]H�WKH�KXPLGLW\�LQ�WKH�DWPRVSKHUH�RI�WKH�HDUWK��\RX�ZRXOG�
KDYH� WR�ZDUS� WKH� YROXPH� WR� D� VSKHULFDO� UHJLRQ�� ,I� WKH�GHQVLWLHV� DUH�PHDQW� WR�
GHQRWH� WKH� WHPSHUDWXUH� LQ� DQ� HQJLQH� F\OLQGHU�� \RX�ZRXOG�ZDUS� WKH� YROXPH� WR�
D�F\OLQGHU��,I�\RX�DUH� LQWHUHVWHG�LQ�VHHLQJ�DQ�H[DPSOH�RI�KRZ�WKLV� LV�GRQH��\RX�

)LJXUH��������1RUPDOV�1RW�LQ�WKH�6DPH�'LUHFWLRQ
�� 0RGHOLQJ



0
RGHOLQJ
FDQ� ORRN� DW�+\SHUFRVP·V� H[DPSOH� ILOH��YROXPH�RPDU�� IRXQG� LQ� WKH�3K\VLFV�
GLUHFWRU\�

/LJKWLQJ�
,Q�RUGHU� WR�PRGHO�D�VKDGHG�VFHQH��\RX�PXVW�QRW�RQO\�VSHFLI\� WKH�JHRPHWU\�RI�
WKH� VFHQH�� EXW� WKH� OLJKWLQJ� FRQGLWLRQV� DV�ZHOO��+\SHUFRVP·V� UHQGHUHU� WKHQ�
FRPSXWHV�KRZ� WKH� OLJKW� LQWHUDFWV�ZLWK� WKH� JHRPHWU\�RI� WKH� VFHQH�

/LJKWLQJ�3ULPLWLYHV
/LJKWV�DUH�WUHDWHG�LQ�PDQ\�UHVSHFWV�DV�VKDSHV��7KH\�PD\�EH�VFDOHG��PRYHG��DQG�
URWDWHG�MXVW�OLNH�RUGLQDU\�VKDSHV��/LJKWV�DUH�GLIIHUHQW��KRZHYHU��EHFDXVH�WKH�OLJKWV�
WKHPVHOYHV�FDQ·W�EH�VHHQ��2QO\�WKHLU�LQIOXHQFH�RQ�WKH�VFHQH�DURXQG�WKHP�JLYHV�
DZD\�WKHLU�SUHVHQFH��,W�LV�DV�LI�\RX�FDQ�PDNH�OLJKW�DSSHDU�VSRQWDQHRXVO\�RXW�RI�
HPSW\� VSDFH��

7KHUH� DUH� WKUHH� W\SHV� RI� OLJKWV��GLVWDQW��SRLQW�� DQG� VSRW� OLJKWV��

)LJXUH��������9ROXPH�:DUSHG�WR�D�6SKHUH

)LJXUH��������9ROXPH�:DUSHG�WR�D�&\OLQGHU
/LJKWLQJ ��



� 'LVWDQW�OLJKWV�DUH�XVHG�PRVW�RIWHQ�EHFDXVH�WKH\·UH�HDV\�WR�VHW�DQG�VLPLODU�
WR� VXQOLJKW�

� 3RLQW� OLJKWV� DUH� OLNH� D� OLJKW� EXOE� DQG�RQO\� LOOXPLQDWH� DQ� DUHD� DURXQG�
WKHPVHOYHV��

� 6SRW� OLJKWV� HPLW� FRQHV�RI� OLJKW� WKDW�GLP�DW� WKH�HGJHV� OLNH� IODVKOLJKWV�RU� D�
FDU·V� KHDGOLJKWV��

/LJKWV�PD\�EH�DQ\�FRORU��HYHQ�QHJDWLYH�FRORUV³GDUNRQ�HPLWWHUV���DQG�WKHUH�PD\�
EH�DQ\�QXPEHU�RI�OLJKWV��DOWKRXJK�EHZDUH�WKDW�PDQ\�OLJKWV�ZLOO�FDXVH�WKH�SURJUDP�
WR� UHQGHU� YHU\� VORZO\�

7KH�GHILQLWLRQV�RI�WKH�OLJKWLQJ�SULPLWLYHV�DUH�LOOXVWUDWHG�LQ�WKH�IROORZLQJ�VHFWLRQV��
7KHLU� GHILQLWLRQV� FDQ� DOVR�EH� IRXQG� LQ�QDWLYHBOLJKWV�RUHV�

$PELHQW�/LJKW
,I� \RX�ZDON�RXWVLGH�RQ� D� VXQQ\�GD\� DQG� ORRN� DW� WKH� ¶GDUN� VLGH·� RI� DQ�REMHFW�
VXFK� DV� D�EXLOGLQJ�ZKLFK� LV� QRW� UHFHLYLQJ� DQ\� OLJKW� IURP� WKH� VXQ�� \RX� QRWLFH�
WKDW�WKH�VXUIDFH�LV�QRW�FRPSOHWHO\�GDUN��OLNH�WKH�GDUN�VLGH�RI�WKH�PRRQ��:K\�LV�
WKLV"� ,W·V� WUXH� WKH� VXUIDFH� UHFHLYHV�QR�GLUHFW� OLJKW� IURP� WKH� VXQ��EXW� LW� UHFHLYHV�
LQGLUHFW�VXQOLJKW�IURP�DOO�DURXQG³IURP�WKH�OLW�XS�VN\�DQG�IURP�OLJKW�UHIOHFWHG�
RII�RI�RWKHU�REMHFWV�

+\SHUFRVP�DSSUR[LPDWHV� WKLV� NLQG�RI� OLJKW�E\� VD\LQJ� WKDW� DQ� HQWLUH� VFHQH� LV�
EDWKHG� LQ�D�FRQVWDQW�XQLIRUP� OLJKW� FRPLQJ� IURP�DOO�GLUHFWLRQV��7KLV� LV�ZKDW� LV�
NQRZQ� DV� DPELHQW� OLJKW��

7KH�GHIDXOW� DPELHQW� OLJKW� LV� VHW� DW����� ��� ��!� �LQ�QDWLYHBUHQGHU�RUHV���<RX�
FRXOG� JLYH� VXQQ\�RXWGRRU� VFHQHV� D�PRUH� UHDOLVWLF� DSSHDUDQFH�E\� VHWWLQJ� WKH�
DPELHQW�WHUP�WR�D�VOLJKWO\�EOXHU�FRORU�VXFK�DV����������!�EHFDXVH�EOXH�VN\�HPLWV�
D�GLIIXVH�EOXLVK�JORZ��,I�\RX·UH�PRGHOLQJ�VSDFH�SLFWXUHV�� WKHQ� LW� LV�D�JRRG� LGHD�
WR� VHW� WKH� DPELHQW� WHUP� WR� VRPHWKLQJ� OLNH����� ��� ��!�RU� HYHQ�������!� VLQFH�
WKHUH� LV� YHU\� OLWWOH� VFDWWHUHG� OLJKW� LQ� VSDFH�

)LJXUH�������7KH�$PELHQW�/LJKW�9DULDEOH�	�'HIDXOW

YHFWRU�DPELHQW� ����������!�
�� 0RGHOLQJ



0
RGHOLQJ
/LJKWLQJ�3ULPLWLYHV

)LJXUH��������7KH�'LVWDQW�/LJKW

VKDSH�GLVWDQWBOLJKW
IURP�YHFWRU�GLUHFWLRQ

 �������!�
ZLWK

VFDODU�EULJKWQHVV� ���
FRORU�W\SH�FRORU� �ZKLWH�
ERROHDQ�VKDGRZV�LV�WUXH�

HQG�

)LJXUH��������7KH�3RLQW�/LJKW

VKDSH�SRLQWBOLJKW�ZLWK
� VFDODU�EULJKWQHVV� ���

FRORU�W\SH�FRORU� �ZKLWH�
ERROHDQ�VKDGRZV�LV�WUXH�

HQG�

���1RWH��D�SRLQWBOLJKW�LV�E\�GHIDXOW
���ORFDWHG�DW�WKH�RULJLQ�

)LJXUH��������7KH�6SRW�/LJKW

VKDSH�VSRWBOLJKW
WRZDUGV�YHFWRU�GLUHFWLRQ�

 �������!�
ZLWK

VFDODU�EULJKWQHVV� ���
VFDODU�DQJOH� ����
FRORU�W\SH�FRORU� �ZKLWH�
ERROHDQ�VKDGRZV�LV�WUXH�

�HQG�

���1RWH��D�VSRWBOLJKW�LV�E\�GHIDXOW
���ORFDWHG�DW�WKH�RULJLQ�
/LJKWLQJ ��



7KH� IROORZLQJ� H[DPSOH� SURJUDP�GUDZV� D� VZLQJLQJ� VSRW� OLJKW�� ,W� GHPRQVWUDWHV�
WKH� XVDJH�RI�GLVWDQW� OLJKWLQJ�� VSRW� OLJKWLQJ�� DQG� DPELHQW� OLJKWLQJ�

+LHUDUFKLFDO�0RGHOLQJ
<RX�FRXOG�FRQFHLYDEO\�EXLOG�DQ\�VKDSH�WKDW�\RX�ZDQWHG�MXVW�E\�FUHDWLQJ�D�ORQJ�
OLVW� RI�SULPLWLYHV��+RZHYHU�� D�PRUH� SUDFWLFDO� DQG� LQWXLWLYH� DSSURDFK�ZRXOG�EH�
WR�GHILQH�VLPSOH�VKDSHV�RXW�RI�SULPLWLYHV�DQG�WKHQ�FRPELQH�WKHVH�VLPSOH�VKDSHV�
LQWR�PRUH� FRPSOH[� VKDSHV��7KLV� LV�ZKDW� LV� NQRZQ� DV� KLHUDUFKLFDO�PRGHOLQJ��

/LVWLQJ������$�6ZLQJLQJ�6SRW�/LJKW

GR�VSRWBDQLP�

LQFOXGH�³�G�RUHV´�

SLFWXUH�VZLQJLQJBVSRW�ZLWK
VFDODU�WLPH� ���
H\H� ����������!�
DPELHQW� ����������!� ���$PELHQW�OLJKW�LV�VOLJKWO\�EOXLVK�

LV
VFDODU�V� �FRV�WLPH�
���� ���6ZLQJ�OLJKW�EDFN�DQG�IRUWK�
YHFWRU�VSRWBORFDWLRQ� �������!�
YHFWRU�VSRWBGLUHFWLRQ� ��V�����!�

GLVWDQWBOLJKW�IURP����������!ZLWK ���RYHUKHDG�OLJKW
EULJKWQHVV� ����

HQG�

VSRWBOLJKW�WRZDUGV�VSRWBGLUHFWLRQ�ZLWK ���VSRW�OLJKW�LQVLGH�RI�FRQH
PRYH�WR�VSRWBORFDWLRQ� ���XVH�µPRYH�WR¶�WR�SODFH�VSRW�OLJKW
EULJKWQHVV� ���

HQG�

FRQH�ZLWK ���VKDGH�IRU�VSRW�OLJKW
HQG�� �VSRWBORFDWLRQ����QRUPDOL]H�VSRWBGLUHFWLRQ��
����
HQG�� �VSRWBORFDWLRQ����QRUPDOL]H�VSRWBGLUHFWLRQ��
����
UDGLXV�� ����UDGLXV�� �����FRORU� �\HOORZ�

HQG�

SODQH�ZLWK ���IORRU�
PDJQLI\�E\����FRORU� �ZKLWH�

HQG�
HQG� ���VZLQJLQJBVSRW

DQLP�VSRWBDQLP�ZLWK
GRXEOHBEXIIHU�LV�RQ�

LV
VFDODU�V� ���
ZKLOH�WUXH�GR

URWDWH�E\���DURXQG�������!� ���7KLV�URWDWHV�WKH�HQWLUH�VFHQH�
VZLQJLQJBVSRW�ZLWK�WLPH� �V��HQG�
V� �LWVHOI����� ���7KHVH�QXPEHUV�FDQ�EH�FKDQJHG�WR�DGMXVW

���DQLPDWLRQ�VSHHG�
HQG�

HQG� ���VSRWBDQLP
�� 0RGHOLQJ



0
RGHOLQJ
$�JURXS�RI�VKDSHV��RU�DQ�DJJUHJDWH�VKDSH��FDQ�EH�WUHDWHG�MXVW�OLNH�D�SULPLWLYH�VKDSH��
,W�FDQ�EH�PRYHG�� URWDWHG��PDJQLILHG��RU�PDQLSXODWHG�ZLWK�DQ\�RWKHU�RSHUDWLRQ�
WKDW�\RX�FDQ�SHUIRUP�RQ�D�SULPLWLYH�VKDSH��2QFH�DQ�DJJUHJDWH�VKDSH�LV�GHILQHG��
LW�ZLOO�QRW�DSSHDU�DQ\ZKHUH�LQ�D�SLFWXUH�XQOHVV�\RX�VSHFLILFDOO\�FUHDWH�DQ�LQVWDQFH�
RI� WKH� VKDSH� LQ� HLWKHU� D�SLFWXUH� RU� DQRWKHU� VKDSH� WKDW� DSSHDUV� LQ� WKH�SLFWXUH��
7KLV� LV� NQRZQ� DV� LQVWDQWLDWLRQ��$JJUHJDWH� VKDSHV� DUH�GHFODUHG� DV� IROORZV�

$OO� DJJUHJDWH� VKDSH�GHILQLWLRQV�PXVW�KDYH� D�QDPH� VR� WKH\� FDQ� EH�XQLTXHO\�
LGHQWLILHG��6RPHWLPHV�WKH�KDUGHVW�WKLQJ�DERXW�ZULWLQJ�JRRG�20$5�GHVFULSWLRQ�
ILOHV� LV� WKLQNLQJ�XS� JRRG�QDPHV� IRU� DOO� WKH� VKDSHV� WKDW� DUH� GHVFULEHG�

5HODWLYH�7UDQVIRUPDWLRQV
5HODWLYH� WUDQVIRUPDWLRQV� LQFOXGH� DFWLRQV� VXFK� DV�PRYLQJ�� URWDWLQJ��PDJQLI\LQJ��
VWUHWFKLQJ�� DQG� VFDOLQJ� D� VKDSH��2QFH� \RX�GHILQH� D� VKDSH�� \RX� FDQ� FUHDWH� VHYHUDO�
LQVWDQFHV�RI�WKH�VKDSHV��DOO�ZLWK�GLIIHUHQW�ORFDWLRQV��RULHQWDWLRQV��DQG�GLPHQVLRQV��
0RUH�WKDQ�RQH�WUDQVIRUPDWLRQ�PD\�EH�DSSOLHG�WR�D�VLQJOH�LQVWDQFH��)RU�H[DPSOH��
RQH�VKDSH�PD\�EH�URWDWHG��WKHQ�VWUHWFKHG��WKHQ�PRYHG��1RWH�WKDW�WKH�RUGHU�RI�
WKH�WUDQVIRUPDWLRQV�LV�LPSRUWDQW��$Q�REMHFW�WKDW�KDV�EHHQ�VWUHWFKHG��WKHQ�URWDWHG�
ORRNV�GLIIHUHQW� IURP�DQ�REMHFW� WKDW� KDV� EHHQ� URWDWHG�� WKHQ� VWUHWFKHG��

5HODWLYH� WUDQVIRUPDWLRQV� VSHFLI\� WKH� VL]H�RU�SRVLWLRQ�RI� D� VKDSH� UHODWLYH� WR� WKH�
ZD\� WKDW� LW�ZDV�RULJLQDOO\� GHILQHG� LQ� LWV� GHFODUDWLRQ��)RU� LQVWDQFH�� LI� D� VKDSH� LV�
VHW�WR���XQLWV�KLJK�LQ�LWV�GHFODUDWLRQ��\RX�FDQ�PDNH�LW���XQLWV�KLJK�E\�PDJQLI\LQJ�
E\����7R�PDNH�WKH� VKDSH���XQLWV�KLJK�UHJDUGOHVV�RI�KRZ� LW�ZDV�GHILQHG��\RX·G�

)LJXUH�������$JJUHJDWH��+LHUDUFKLFDO��6KDSH�'HFODUDWLRQ

VKDSH��QDPH!�LV
�VKDSHV!

HQG�

)LJXUH��������$�+LHUDUFKLFDOO\�'HILQHG�6QRZPDQ
5HODWLYH�7UDQVIRUPDWLRQV ��



QHHG� WR� XVH� DQ� DEVROXWH� WUDQVIRUPDWLRQ��ZKLFK� LV� FRYHUHG� ODWHU��5HODWLYH� WUDQV�
IRUPDWLRQV� DUH�GHILQHG� LQ� WUDQVIRUPV�RUHV�

/LVWLQJ������'HVFULSWLRQ�RI�D�6QRZPDQ�8VLQJ�+LHUDUFK\

GR�PUBVQRZ�

LQFOXGH���G�RUHV��

VKDSH�VQRZPDQ�LV
���%RG\�
FRORU� �ZKLWH�
VSKHUH�ZLWK�FHQWHU� ������!��HQG�
VSKHUH�ZLWK�FHQWHU� ���������!��UDGLXV� �����HQG�
VSKHUH�ZLWK�FHQWHU� ���������!��UDGLXV� �����HQG�

���1RVH�
FRQH�ZLWK�

FRORU� �RUDQJH�
HQG�� �����������!��HQG�� �����������!���
UDGLXV�� �����UDGLXV�� ���

HQG�

���(\HV�
FRORU� �FKDUFRDO�
VSKHUH�ZLWK�FHQWHU� �������������!��UDGLXV� �����HQG�
VSKHUH�ZLWK�FHQWHU� ������������!��UDGLXV� �����HQG�

HQG� ���VQRZPDQ

SLFWXUH�PUBVQRZ�ZLWK
H\H� ��������!�
ORRNDW� �������!�

LV
VQRZPDQ� ���+HUH��LQVWHDG�RI�LQVWDQWLDWLQJ�PDQ\�SULPLWLYH�VKDSHV�

���ZH�QHHG�RQO\�LQVWDQWLDWH�µVQRZPDQ�¶
HQG� ���PUBVQRZ

)LJXUH�������8VLQJ�5HODWLYH�7UDQVIRUPDWLRQV

�VKDSH�QDPH!�ZLWK
�UHODWLYH�WUDQVIRUPDWLRQV!

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
5HODWLYH�7UDQVIRUPDWLRQV

)LJXUH��������7KH�0RYH�7UDQVIRUPDWLRQ

YHUE�PRYH
WR�YHFWRU�ORFDWLRQ��

HQG�

)LJXUH��������7KH�0DJQLI\�7UDQVIRUPDWLRQ

YHUE�PDJQLI\
E\�VFDODU�V�
DERXW�YHFWRU�SRLQW� �������!�

HQG�

)LJXUH��������7KH�5RWDWH�7UDQVIRUPDWLRQ

YHUE�URWDWH
E\�VFDODU�DQJOH�
DURXQG�YHFWRU�D[LV�
DERXW�YHFWRU�SRLQW� �������!�

�HQG�
5HODWLYH�7UDQVIRUPDWLRQV ��



5HODWLYH�7UDQVIRUPDWLRQV

)LJXUH��������7KH�6FDOH�7UDQVIRUPDWLRQ

YHUE�VFDOH
E\�VFDODU�V�
DORQJ�YHFWRU�Y�
DERXW�YHFWRU�SRLQW� �������!�

HQG�

)LJXUH��������7KH�6WUHWFK�7UDQVIRUPDWLRQ

YHUE�VWUHWFK
E\�VFDODU�V�
DORQJ�YHFWRU�Y�
DERXW�YHFWRU�SRLQW� �������!�

HQG�

)LJXUH��������7KH�6NHZ�7UDQVIRUPDWLRQ

YHUE�VNHZ
IURP�YHFWRU�SRLQW��
WR�YHFWRU�SRLQW��
DERXW�YHFWRU�SRLQW� �������!�

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
5HODWLYH�7UDQVIRUPDWLRQV

)LJXUH��������7KH�6ODQW�7UDQVIRUPDWLRQ

YHUE�VODQW
E\�VFDODU�DQJOH�
DERXW�YHFWRU�SRLQW� �������!�

ZLWK
YHFWRU�[BD[LV� �������!�
YHFWRU�\BD[LV� �������!�

HQG�

)LJXUH��������7KH�'LUHFW�7UDQVIRUPDWLRQ

YHUE�GLUHFW
IURP�YHFWRU�Y��
WR�YHFWRU�Y��
DERXW�YHFWRU�SRLQW� �������!�

HQG�

)LJXUH��������7KH�2ULHQW�7UDQVIRUPDWLRQ

YHUE�RULHQW
IURP�YHFWRU�Y��
WR�YHFWRU�Y��
DERXW�YHFWRU�SRLQW� �������!�

HQG�
5HODWLYH�7UDQVIRUPDWLRQV ��



�

)LJXUH��������$�+LHUDUFKLFDOO\�'HILQHG�6QRZ�)DPLO\

/LVWLQJ������$�)DPLO\�RI�6QRZPHQ�8VLQJ�+LHUDUFK\�DQG�7UDQVIRUPDWLRQV

GR�VQRZBIDPLO\�

LQFOXGH���G�RUHV��

VKDSH�VQRZPDQ�LV
���%RG\�
FRORU� �ZKLWH�
VSKHUH�ZLWK�FHQWHU� �������!��HQG�
VSKHUH�ZLWK�FHQWHU� ���������!��UDGLXV� �����HQG�
VSKHUH�ZLWK�FHQWHU� ���������!��UDGLXV� �����HQG�

���1RVH�
FRQH�ZLWK

FRORU� �RUDQJH�
HQG�� �����������!��HQG�� �����������!��
UDGLXV�� �����UDGLXV�� ���

HQG�

���(\HV�
FRORU� �FKDUFRDO�
VSKHUH�ZLWK�FHQWHU� �������������!��UDGLXV� �����HQG�
VSKHUH�ZLWK�FHQWHU� ������������!��UDGLXV� �����HQG�

HQG� ���VQRZPDQ

SLFWXUH�VQRZBIDPLO\�ZLWK
H\H� ��������!�
ORRNDW� �������!�

LV
VQRZPDQ�ZLWK�PRYH�WR���������!��HQG� ���'DG
VQRZPDQ�ZLWK�PDJQLI\�E\�����PRYH�WR��������!��HQG� ���0RP
VQRZPDQ�ZLWK�PDJQLI\�E\�����PRYH�WR����������!��HQG� ���.LGV
VQRZPDQ�ZLWK��PDJQLI\�E\�����URWDWH�E\����DURXQG�������!��PRYH�WR���������!��HQG�

HQG� ���VQRZBIDPLO\
�� 0RGHOLQJ



0
RGHOLQJ
7KH�7UDQVIRUPDWLRQ�6WDFN
7KH�SUHYLRXV� H[DPSOHV� VKRZHG�KRZ� WR� XVH� WUDQVIRUPDWLRQV� WR�PRGLI\� D�
SDUWLFXODU� LQVWDQFH�RI�DQ�REMHFW�UHODWLYH�WR�LWV�ORFDO�IUDPH�RI�FRRUGLQDWHV��7KHUH�
PD\�EH� FDVHV�ZKHUH� \RX�ZLVK� WR�GR� D�PRUH� FRPSOLFDWHG� VHULHV� RI� WUDQVIRUPD�
WLRQV�� VXFK�DV� D� VHULHV�RI�REMHFWV� HDFK�RI�ZKLFK� LV�RIIVHW�RU� URWDWHG� LQ� UHODWLRQ�
WR� WKH� SUHYLRXV� REMHFW�� LQVWHDG� RI� LQ� UHODWLRQ� WR� WKH� ORFDO� FRRUGLQDWHV�� ,I� \RX�
XQGHUVWDQG� WKH�ZD\� WKH� WUDQVIRUPDWLRQ� VWDFN�ZRUNV�� \RX� FDQ�GR� WKHVH� W\SHV�
RI�RSHUDWLRQV�PRUH� HDVLO\�

7KH�&XUUHQW�7UDQVIRUPDWLRQ�6WDWH
(DFK�WLPH�\RX�PDNH�D�QHZ�VKDSH��LW�LV�SRVLWLRQHG�UHODWLYH�WR�WKH�FXUUHQW�WUDQV�
IRUPDWLRQ��(DFK� WLPH�\RX�EHJLQ� WR�GHILQH�D�QHZ�REMHFW�RU� D�QHZ� LQVWDQFH�� D�
QHZ� VWDWH� LV� FUHDWHG� DQG�ZKHQ� \RX� DUH� ILQLVKHG�� WKH� VWDWH� LV� UHWXUQHG� WR� WKH�
VWDWH� WKDW� H[LVWHG�EHIRUH��

<RX�FDQ�WKLQN�RI�WKLV�DV�D�VWDFN�RI�WUDQVIRUPDWLRQ�VWDWHV�ZLWK�WKH�FXUUHQW�WUDQV�
IRUPDWLRQ�RQ�WRS�RI�WKH�VWDFN��:KHQ�\RX�EHJLQ�D�QHZ�REMHFW��\RX�SXVK�D�QHZ�
VWDWH� RQWR� WKH� VWDFN� DQG�ZKHQ� \RX� DUH� WKURXJK�GHILQLQJ� WKDW�REMHFW�� \RX�SRS�
LWV� VWDWH� RII� WKH� VWDFN� WR� UHWXUQ� WR� WKH�SUHYLRXV�RQH��

7UDQVIRUPLQJ�D�6HULHV�RI�6KDSHV
8VXDOO\�� WUDQVIRUPDWLRQV� DUH� SODFHG�RQO\�ZLWKLQ� WKH� VFRSH� FUHDWHG�E\� D� VKDSH�
LQVWDQFH� �L�H�� DIWHU� WKH�ZLWK� NH\ZRUG� LQ� DQ� LQVWDQWLDWLRQ��� ,Q� WKDW� FDVH� WKH� WUDQV�
IRUPDWLRQV� DIIHFW� RQO\� WKDW� SDUWLFXODU� LQVWDQFH�RI� DQ� VKDSH��+RZHYHU�� WUDQVIRU�
PDWLRQV� FDQ�EH� DSSOLHG� DQ\ZKHUH� LQ� D� OLVW� RI� VKDSH� LQVWDQFHV�� ,I� \RX�SODFH� D�
WUDQVIRUPDWLRQ� LQVLGH�RI� D� VKDSH� GHFODUDWLRQ�� EXW�RXWVLGH� RI� D� VLQJOH� LQVWDQFH��
WKHQ� DOO� WKH� LQVWDQFHV� WKDW� IROORZ� WKH� WUDQVIRUPDWLRQ�ZLOO� EH� DIIHFWHG�EHFDXVH�
\RX�KDYH� FKDQJHG� WKH� VWDWH� LQ�ZKLFK� WKH\� DUH� GHFODUHG�

1HVWLQJ�7UDQVIRUPDWLRQV
6RPHWLPHV��\RX�ZDQW�WR�KDYH�WKH�WUDQVIRUPDWLRQV�ZRUN�LQ�D�KLHUDUFKLFDO�PDQQHU��
ZLWK�HDFK�WUDQVIRUPDWLRQ�UHODWLYH�WR�WKH�SUHYLRXV�RQH��<RX�FDQ�GR�WKLV�E\�QHVWLQJ�
WUDQVIRUPDWLRQV�

([DPSOH��7UDQVIRUPLQJ�D�6HULHV�RI�2EMHFWV

VKDSH�WKLQJ�LV
�LQVWDQFHV�! ���7KHVH�VKDSHV�DUH�XQDIIHFWHG�E\�WKH�WUDQVIRUPDWLRQV

�WUDQVIRUPDWLRQ�!

�LQVWDQFHV�! ���7KHVH�VKDSHV�DUH�DIIHFWHG�E\�WUDQVIRUPDWLRQ�

�WUDQVIRUPDWLRQ�!

�LQVWDQFHV�! ���7KHVH�VKDSHV�DUH�DIIHFWHG�E\�ERWK�WUDQVIRUPDWLRQV
HQG�
7KH�7UDQVIRUPDWLRQ�6WDFN ��



)RU�H[DPSOH��VD\�\RX�ZDQW�WR�GHILQH�D�ILQJHU��ZLWK�HDFK�MRLQW�EHQW�E\�D�FHUWDLQ�
DQJOH�UHODWLYH� WR� WKH�SUHYLRXV� MRLQW��$OVR��\RX�ZDQW�HDFK�VXFFHVVLYH� MRLQW� WR�EH�
VPDOOHU��7R�DFFRPSOLVK�WKLV��WKH�VHFRQG�MRLQW�LV�LQVWDQWLDWHG�ZLWKLQ�WKH�ILUVW�MRLQW��
DIWHU� WKH� ILUVW� MRLQW·V� WUDQVIRUPDWLRQV�� VR� LW� LV�PRYHG�DQG� VFDOHG� UHODWLYH� WR� WKH�
ILUVW� MRLQW�

/LVWLQJ������1HVWHG�7UDQVIRUPDWLRQV���7KH�)LQJHU

GR�ILQJHUBSLFWXUH�

LQFOXGH���G�RUHV��

VKDSH�MRLQW�ZLWK
VFDODU�UDGLXV� �����OHQJWK� ���

LV
FRORU� �SLQN�
VSKHUH�
FRORU� �IOHVK�
FRQH�ZLWK�HQG�� �������!��HQG�� ������OHQJWK!��UDGLXV�� ����UDGLXV�� �UDGLXV��HQG��

HQG� ���MRLQW

VKDSH�ILQJHU�ZLWK
VFDODU�FXUO� ����MRLQWBUDGLXV� �����MRLQWBOHQJWK� �����

LV
MRLQW�ZLWK� ��)LUVW�NQXFNOH

UDGLXV� �MRLQWBUDGLXV��OHQJWK� �MRLQWBOHQJWK��
URWDWH�E\�FXUO�DURXQG�������!�

MRLQW�ZLWK ��6HFRQG�NQXFNOH�
UDGLXV� �MRLQWBUDGLXV��OHQJWK� �MRLQWBOHQJWK�
PDJQLI\�E\�MRLQWBUDGLXV���PRYH�WR������MRLQWBOHQJWK!��
URWDWH�E\�FXUO�DURXQG�������!��

MRLQW�ZLWK ��7KLUG�NQXFNOH
UDGLXV� �MRLQWBUDGLXV��OHQJWK� �MRLQWBOHQJWK�
PDJQLI\�E\�MRLQWBUDGLXV��PRYH�WR������MRLQWBOHQJWK!�
URWDWH�E\�FXUO�DURXQG�������!��

VSKHUH�ZLWK ��)LQJHUWLS�
FHQWHU� ������MRLQWBOHQJWK!��
UDGLXV� �MRLQWBUDGLXV�
FRORU� �SLQN��

HQG�
HQG�

HQG�
HQG�

HQG� ���ILQJHU

SLFWXUH�ILQJHUBSLFWXUH�LV
GLVWDQWBOLJKW�IURP��������!�
URWDWH�E\����DURXQG�������!�
ILQJHU�ZLWK�FXUO� �����ZLWK�FXUO� �������ZLWK�FXUO� �����HQG�

HQG� ���ILQJHUBSLFWXUH
�� 0RGHOLQJ



0
RGHOLQJ
$EVROXWH�7UDQVIRUPDWLRQV
7KH�PDLQ�GLIILFXOW\�ZLWK� UHODWLYH� WUDQVIRUPDWLRQV� LV� WKDW� VRPHWLPHV� \RX�PD\�
ZDQW� WR�PDQLSXODWH�DQ�REMHFW�ZLWKRXW�KDYLQJ�WR� ORRN�DW� WKH�GLPHQVLRQV� WKDW� LW�
ZDV�GHILQHG�ZLWK�

)RU� H[DPSOH�� VD\� WKDW� \RX� LQFOXGH� D�PRGHO� RI� D� FDU� LQ� \RXU� SLFWXUH� DQG�ZDQW�
WR� VHW� LW� RQWR� D� URDG��$VVXPH� WKDW� WKH� URDG� LV� RQH�XQLW�ZLGH� DQG� \RX�ZDQW�
WKH�FDU�WR�ILW�QLFHO\�RQWR�WKH�URDG��,I�\RX�ZHUH�WR�XVH�WKH�UHODWLYH�WUDQVIRUPD�
WLRQV�� \RX�ZRXOG�QHHG� WR� H[DPLQH� WKH�PRGHO�RI� WKH� FDU� WR� VHH�KRZ�ELJ� LW� LV�
DQG�WKHQ�PDJQLI\�LW�E\�WKH��URDG�ZLGWK���FDU�ZLGWK���+RZHYHU��LI�\RX�XVH�WKH�
DEVROXWH�WUDQVIRUPDWLRQV��\RX�FDQ�MXVW�VSHFLI\�WKDW�WKH�FDU�VKRXOG�EH�D�FHUWDLQ�
ZLGWK�� QR�PDWWHU�KRZ�ELJ� RU� VPDOO� WKH� FDU�ZDV�RULJLQDOO\� GHILQHG� WR�EH�

6SHFLI\LQJ�$EVROXWH�7UDQVIRUPDWLRQV
$EVROXWH� WUDQVIRUPDWLRQV� DUH� VSHFLILHG� D� OLWWOH� GLIIHUHQWO\� WKDQ� UHODWLYH� WUDQV�
IRUPDWLRQV�� 6LQFH� WKH� DEVROXWH� WUDQVIRUPDWLRQV�QHHG� WR� NQRZ� WKH� GLPHQVLRQV�
RI� WKH�REMHFW� LQ�RUGHU� WR�ZRUN�� WKH\�PXVW� WDNH�SODFH� DIWHU� WKH�REMHFW� KDV�EHHQ�
FUHDWHG��7KH�UHODWLYH�WUDQVIRUPDWLRQV�DUH�OLVWHG�LQ�D�EORFN�RI�VWDWHPHQWV�EHJLQQLQJ�
DW� WKH� NH\ZRUG�ZLWK�ZKLFK� LV� H[HFXWHG�EHIRUH� WKH�REMHFW� LV� DFWXDOO\� FUHDWHG�E\�
WKH� FRPSXWHU��7KH� DEVROXWH� WUDQVIRUPDWLRQV�PXVW�RFFXU� DIWHU� WKH� REMHFW� KDV�
EHHQ�EXLOW�� VR� WKH\�DUH� OLVWHG� LQ�D� ODWHU�EORFN�RI� VWDWHPHQWV�EHJLQQLQJ�ZLWK� WKH�
NH\ZRUGV� UHWXUQ�ZLWK�

0L[LQJ�5HODWLYH�DQG�$EVROXWH�7UDQVIRUPDWLRQV
,W�LV�DOVR�SRVVLEOH�WR�PL[�UHODWLYH�WUDQVIRUPDWLRQV�DQG�DEVROXWH�WUDQVIRUPDWLRQV�
E\� OLVWLQJ� WKHP�ERWK� LQ� WKH�VDPH�EORFN�DIWHU� WKH� UHWXUQ�NH\ZRUG��)RU�H[DPSOH��
\RX�PD\�ZDQW� WR�VFDOH� WKH�VL]H�RI� WKH�PRGHO� FDU� WR�ILW�RQWR� WKH�URDG�XVLQJ�DQ�
DEVROXWH�WUDQVIRUPDWLRQ�DQG�WKHQ�IROORZ�WKLV�ZLWK�D�URWDWLRQ�ZKLFK�LV�D�UHODWLYH�
WUDQVIRUPDWLRQ� WR�PDNH� WKH� FDU� DSSHDU� WR�EH� WXUQLQJ�RII� WKH� URDG�

,PSOHPHQWDWLRQ�RI�$EVROXWH�7UDQVIRUPDWLRQV
7KH� DEVROXWH� WUDQVIRUPDWLRQV� DUH� LPSOHPHQWHG�E\� KDYLQJ� WKH�SURJUDP� UHWXUQ�
WKH� VL]H�RI� WKH�REMHFW� WKURXJK� WKH� VWDWH�YDULDEOHV��RULJLQ��[BD[LV��\BD[LV�� DQG�
]BD[LV��

7KH� VL]H�RI� WKH�REMHFW� LV� DFWXDOO\� UHSRUWHG� DV� D�ERXQGLQJ�ER[��ZKLFK�PD\�EH�
VOLJKWO\�ELJJHU�WKDQ�WKH�DFWXDO�REMHFW�EHFDXVH�D�ER[�PXVW�KDYH�H[WUD�URRP�LQVLGH�
WR�HQFRPSDVV�D�QRQ�VTXDUH�REMHFW��7KHUHIRUH��LI�\RX�VSHFLI\�WKH�GLPHQVLRQV�RI�

)LJXUH�������6SHFLI\LQJ�$EVROXWH�7UDQVIRUPDWLRQV

�REMHFW�QDPH!�ZLWK�
�UHODWLYH�WUDQVIRUPDWLRQV��RSWLRQDO�!

UHWXUQ�ZLWK
�DEVROXWH�WUDQVIRUPDWLRQV!

HQG�
$EVROXWH�7UDQVIRUPDWLRQV ��



DQ�REMHFW�XVLQJ�DQ�DEVROXWH� WUDQVIRUPDWLRQ�� WKH�REMHFW� LV� DOZD\V�JXDUDQWHHG� WR�
OLH� LQVLGH�RI� WKH�GLPHQVLRQV��EXW�PD\�EH� VOLJKWO\� VPDOOHU� WKDQ� WKH�ERXQGV� WKDW�
\RX�VSHFLI\�� ,I� WKH�REMHFW� ILWV�QLFHO\� LQVLGH�RI�D�ER[��WKHQ�WKH�DEVROXWH�WUDQVIRU�
PDWLRQV�ZLOO�PRUH� FORVHO\� UHIOHFW� WKH� DFWXDO� GLPHQVLRQV�RI� WKH�REMHFW� LWVHOI�

$EVROXWH� WUDQVIRUPDWLRQV� DUH�GHILQHG� LQ� WKH� ILOH�DEVBWUDQV�RUHV�
�� 0RGHOLQJ



0
RGHOLQJ
$EVROXWH�7UDQVIRUPDWLRQV

)LJXUH��������7KH�'LPHQVLRQV�7UDQVIRUPDWLRQ

YHUE�GLPHQVLRQV
RI�YHFWRU�Y�
DERXW�YHFWRU�SRLQW�

 �������!�
HQG�

^GLPHQVLRQV�UHVL]HV�D�VKDSH�WR�ILOO
WKH�ERXQGLQJ�ER[�VSHFLILHG�E\�WKH
FRRUGLQDWHV�LQ�Y�`

)LJXUH��������7KH�6L]H�7UDQVIRUPDWLRQ

YHUE�VL]H
RI�VFDODU�V�
HQXP�D[LV�LV�[BD[LV��\BD[LV��

]BD[LV�
DORQJ�D[LV�W\SH�D[LV�
DERXW�YHFWRU�SRLQW�

 �������!�
HQG�

^VL]H�UHVL]HV�D�VKDSH��SUHVHUYLQJ�
UHODWLYH�SURSRUWLRQV��WR�ILW�LQ�D��
ERXQGLQJ�ER[�ZLWK�OHQJWK�V
DORQJ�D[LV�`

)LJXUH��������7KH�/LPLW�7UDQVIRUPDWLRQ

YHUE�OLPLW
HQXP�OLPLW�LV�[BPLQ��[BPD[�

� \BPLQ��\BPD[�
� ]BPLQ��]BPD[�

OLPLW�W\SH�OLPLW�
WR�VFDODU�V�

HQG�

^OLPLW�PRYHV�D�VKDSH��SUHVHUYLQJ�LWV�
VL]H��WR�WKH�OLPLW�VHW�E\�V�`
$EVROXWH�7UDQVIRUPDWLRQV ��



&RORU
%HFDXVH�RI�FHUWDLQ�FKDUDFWHULVWLFV�RI�WKH�KXPDQ�H\H��DOPRVW�DOO�LPDJLQDEOH�FRORUV�
FDQ�EH� FUHDWHG�E\�PL[LQJ� UHG�� JUHHQ�� DQG� EOXH� LQ� YDULRXV�SURSRUWLRQV��:KLOH�
FRPSXWHU�PRQLWRUV�PD\�DSSHDU�WR�GLVSOD\�D�IXOO�VSHFWUXP�RI�FRORUV��WKH\�DFWXDOO\�
XVH�RQO\� WKUHH�� UHG�� JUHHQ�� DQG� EOXH�� � �

,Q� WKH�+\SHUFRVP� V\VWHP�� DOO� FRORUV� DUH� VSHFLILHG�XVLQJ�5*%�YDOXHV��ZKLFK�
LQGLFDWH� H[DFW� DPRXQWV� RI� UHG�� JUHHQ�� DQG�EOXH� LQ� UDQJHV� IURP��� WR� ��

$VVLJQLQJ�&RORU�WR�6KDSHV
7R�DVVLJQ�D�FRORU� WR�D�VKDSH��\RX�PXVW�XVH� WKH�JOREDO� FRORU�YDULDEOH� �ZKLFK� LV�
GHFODUHG� LQ�QDWLYHBUHQGHU�RUHV��

7KH�JOREDO�FRORU�YDULDEOH�LV�ERWK�FDOOHG�FRORU�DQG�LV�RI�WKH�FRORU� W\SH��7KH�FRORU�
W\SH�ZRUNV�WKH�VDPH�DV�WKH�YHFWRU�W\SH�EHFDXVH�FRORUV��OLNH�YHFWRUV��DUH�VSHFLILHG�
E\� WKUHH�QXPEHUV��)RU� H[DPSOH�� WR� FUHDWH� D� UHG� VSKHUH�� HQWHU�

7KH�V\VWHP�IRU�DVVLJQLQJ�FRORUV�WR�VKDSHV�ZRUNV�LQ�D�KLHUDUFKLFDO�PDQQHU�VLPLODU�
WR� WKH�ZD\� WKDW� WKH� WUDQVIRUPDWLRQ� VWDFN�ZRUNV��(DFK� WLPH� \RX�EHJLQ� D� QHZ�
VKDSH�GHILQLWLRQ�RU� LQVWDQFH�� \RX� HQWHU� D�QHZ�FRQWH[W�� 7KH� FRORU� WKDW� JHWV�
DVVLJQHG� WR� D�SULPLWLYH� LV� WKH� FRORU� WKDW� LV� FORVHVW� WR� WKH� VKDSH� LQ� WKH� FRQWH[W�
RI�WKH�KLHUDUFK\��7KLV�PDNHV�LW�HDV\�WR�VSHFLI\�WKH�FRORUV�RI�VSHFLDO�SRUWLRQV�RI�
WKH� VKDSH� DQG� OHDYH� WKH� UHVW� RI� WKH� VKDSH� ¶XQSDLQWHG�·�7KHQ��ZKHQ� \RX� DVVLJQ�
D� FRORU� WR� DQ� LQVWDQFH�RI� WKH� VKDSH�� WKDW� FRORU� RQO\� DSSOLHV� WR� WKH� ¶XQSDLQWHG·�
SDUWV�RI�WKH�VKDSH�WKDW�GRQ·W�DOUHDG\�KDYH�D�FRORU�SUHYLRXVO\�DVVLJQHG�WR�WKHP��
)RU�WKH�SDUWV�RI�WKH�VKDSH�WKDW�KDYH�DOUHDG\�EHHQ�DVVLJQHG�D�FRORU��WKH�SUHYLRXVO\�
DVVLJQHG� FRORU� WDNHV�SUHFHGHQFH�

)LJXUH�������7KH�*OREDO�&RORU�9DULDEOH

FRORU�W\SH�FRORU�

([DPSOH��$VVLJQLQJ�&RORU�WR�D�6KDSH

VSKHUH�ZLWK
FRORU� �������!� ���6HWV�WKH�5*%�YDOXHV�VR�WKDW�5� ����*� ����%� ��

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
3UHGHILQHG�&RORUV
)RU�\RXU�FRQYHQLHQFH��+\SHUFRVP�SURYLGHV�D�QXPEHU�RI�SUHGHILQHG�FRORUV��7KH�
IROORZLQJ� FKDUW� VKRZV� WKH�QDPHV�RI� WKH� DYDLODEOH� FRORUV� DQG� WKH�5*%�YDOXHV�
WKDW� HDFK� FRORU� UHSUHVHQWV�� DV�GHILQHG� LQ�FRORUV�RUHV�

,Q�DGGLWLRQ�WR�WKHVH�FRORUV��+\SHUFRVP�SURYLGHV�WZR�SURFHGXUHV��OLJKW�DQG�GDUN��
WKDW�PDNH�FRORUV� OLJKWHU�RU�GDUNHU�E\�PL[LQJ� WKHP�ZLWK�ZKLWH�RU�EODFN��8VLQJ�
WKHVH�SURFHGXUHV�� \RX� FDQ�PDNH� FRORUV� VXFK� DV� OLJKW� \HOORZ�RU�GDUN�JUHHQ��7KH�
SURFHGXUHV�PD\�DOVR�EH�FDOOHG�UHSHDWHGO\�VR�\RX�FDQ�FUHDWH�FRORUV�VXFK�DV� OLJKW�
OLJKW� \HOORZ� RU�GDUN� GDUN� JUHHQ�

7DEOH������7KH�5*%�9DOXHV�RI�+\SHUFRVP¶V�3UHGHILQHG�&RORUV

1DPH 5*%
9DOXHV

1DPH 5*%
9DOXHV

ZKLWH ����� UDVSEHUU\ ������

EODFN ����� SLQN �������

JUH\ �������� IOHVK ��������

UHG ����� EHLJH ��������

JUHHQ ����� OLPHBJUHHQ �������

EOXH ����� ROLYH �������

F\DQ ����� HYHUJUHHQ ��������

PDJHQWD ����� WHDO ��������

\HOORZ ����� DTXD ���������

RUDQJH ������ WXUTXRLVH �������

EURZQ �������� VN\BEOXH ��������

JROG �������� D]XUH ����������

PDL]H ������� ODYHQGHU ��������

EULFN �������� SXUSOH ����������

UXVW �������� YLROHW �������

FKDUFRDO �������� HJJSODQW �������

([DPSOH��8VLQJ�3UHGHILQHG�&RORUV�	�&RORU�0RGLILHUV

FRQH�ZLWK�FRORU� �UHG��HQG�
SODQH�ZLWK�FRORU� �OLJKW�WHDO��HQG�
WRUXV�ZLWK�FRORU� �GDUN�GDUN�EOXH��HQG�
&RORU ��



0DWHULDOV
,Q� WKH� OLQH�GUDZLQJ�PRGHV�� WKH� FRORUV� WKDW� DSSHDU� LQ� D�SLFWXUH� DUH� VLPSO\� WKH�
FRORUV� WKDW�ZHUH� DVVLJQHG� WR� WKH� UHVSHFWLYH� VKDSHV�� ,Q� WKH� VKDGHG�PRGHV��
KRZHYHU�� WKH� DSSDUHQW� VXUIDFH� FRORU� YDULHV�EHFDXVH�RI� OLJKWLQJ�� VKDGRZV�� DQG�
RWKHU�IDFWRUV��+RZ�WKH�FRORU�YDULHV�DFURVV�DQ�REMHFW·V�VXUIDFH�DOVR�GHSHQGV�RQ�
WKH�PDWHULDO� WKH�REMHFW� LV�PDGH�RI��+\SHUFRVP�DOORZV�\RX� WR� VSHFLI\�GLIIHUHQW�
PDWHULDO� W\SHV� IRU� HDFK� VKDSH� \RX�PDNH�

7KH� WKUHH�PDLQ�SUHGHILQHG�PDWHULDOV� DUH� FKDON��SODVWLF�� DQG�PHWDO�� ,I� D�PDWHULDO�
LV�QRW�H[SOLFLWO\�DVVLJQHG��VKDSHV�DUH�VKDGHG�DV� WKRXJK�WKH\�ZHUH�FKDON�� WKDW� LV��
WKH\�DSSHDU�WR�KDYH�D�QRQ�JORVV\��QRQ�UHIOHFWLYH�VXUIDFH�VXFK�DV�FKDON�RU�SDSHU��
$�SODVWLF�VKDSH�LV�VKLQLHU�WKDQ�FKDON��DQG�D�PHWDO�VKDSH�LV�DOVR�VKLQ\��EXW�PXFK�
PRUH� UHIOHFWLYH�� VR� LW� LV� GDUNHU�ZKHUH� LW� GRHV�QRW�GLUHFWO\� UHIOHFW� OLJKW�

7R�DVVLJQ�D�PDWHULDO�WR�DQ�REMHFW��FKDQJH�WKH�JOREDO�YDULDEOH�PDWHULDO�ZKHQ�\RX�
PDNH� DQ� LQVWDQFH� RI� WKH�REMHFW��)RU� H[DPSOH�� WR� FUHDWH� D�PHWDO� VSKHUH��ZULWH�

7R� VHW� WKH� FRORU�RI� D�PDWHULDO�� XVH� WKLV� IRUPDW�

$QRWKHU�XVHIXO�PDWHULDO�W\SH�LV�FRQVWDQWBFRORU��ZKLFK�HIIHFWLYHO\�QXOOLILHV�VKDGLQJ�
HIIHFWV��7KLV� LV� YHU\� XVHIXO�ZKHQ� \RX� DUH�PRGHOLQJ� D� VKDSH� WKDW� VKRXOG� EH�
OXPLQRXV�� OLNH� D� OLJKW�EXOE�RU� D�79� VFUHHQ��:KHQ� \RX�XVH� D� FRQVWDQW� FRORU�
PDWHULDO�� \RX�PXVW� DOVR� VSHFLI\�ZKDW� FRORU� WKH�PDWHULDO� VKRXOG� EH�

([DPSOH��$VVLJQLQJ�D�0DWHULDO�WR�D�6KDSH

VSKHUH�ZLWK
PDWHULDO�LV�PHWDO�

HQG�

([DPSOH��$VVLJQLQJ�D�&RORUHG�0DWHULDO�WR�D�6KDSH

VSKHUH�ZLWK
PDWHULDO�LV�PHWDO�FRORUHG�OLJKW�EOXH�

HQG�

([DPSOH��$VVLJQLQJ�D�&RQVWDQW�&RORU�WR�D�6KDSH

VSKHUH�ZLWK
PDWHULDO�LV�FRQVWDQWBFRORU�RUDQJH�

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
&RORULQJ�3UHFHGHQFH
7KH�JOREDO�PDWHULDO� YDULDEOH� WDNHV� SUHFHGHQFH�RYHU� WKH� FRORU� YDULDEOH�ZKHQ�
REMHFWV�DUH�GUDZQ��,I�QHLWKHU�D�FRORU�QRU�D�PDWHULDO�LV�DVVLJQHG��WKH�GHIDXOW�FRORU�
IRU� HDFK�SULPLWLYH�ZLOO� EH� XVHG�

7H[WXUHV
7KH� HDVLHVW�ZD\� WR� DGG� LQWHUHVWLQJ�� FRPSOH[� IHDWXUHV� WR� WKH� VXUIDFHV�RI� \RXU�
VKDSHV�LV�WR�XVH�WH[WXUHV��:KHQ�D�VKDSH�LV�WH[WXUHG��DQ�LPDJH�IURP�DQ�LPDJH�ILOH�
LV�PDSSHG�RQWR� LW��8VLQJ� WH[WXUHV�� \RX� FDQ�PDS�DQ� LPDJH�RI� WKH�HDUWK�RQWR� D�
VSKHUH��RU�PDS�DQ�LPDJH�RI�D�FURZG�DFURVV�WKH�VHDWV�RI�D�YLUWXDO�VWDGLXP��<RX�
FDQ�FUHDWH�D�YLUWXDO�URRP�LQVLGH�RI�D�ZDOOSDSHUHG�ER[��RU�PRYH�D�VFHQH�¶RXWVLGH·�
E\� VXUURXQGLQJ� HYHU\WKLQJ�ZLWK� D� VN\�WH[WXUHG� VSKHUH��

7R�FUHDWH�D�WH[WXUH�LQ�20$5��\RX�FUHDWH�D�QHZ�PDWHULDO�W\SH�WKDW�LQFRUSRUDWHV�
DQ� LPDJH�ILOH��7KHUH�DUH�D� IHZ�GLIIHUHQW�ZD\V� WR�GR� WKLV��EXW� WKH�HDVLHVW�ZD\� LV�
WR�XVH� WKH�SRVWHU� NH\ZRUG��7KH� IROORZLQJ� OLVWLQJ�GHPRQVWUDWHV�KRZ� WR�XVH� WKH�
SRVWHU� NH\ZRUG� WR� FUHDWH� D� WH[WXUHG� LPDJH�RI� D� VDWHOOLWH�

7DEOH������2UGHU�RI�SUHFHGHQFH�RI�FRORUV�DQG�PDWHULDOV�IURP�KLJKHVW�WR�ORZHVW

PDWHULDO�RI�REMHFW

PDWHULDO�RI�SDUHQW�REMHFW

FRORU�RI�REMHFW

FRORU�RI�SDUHQW�REMHFW

GHIDXOW�FRORU�IRU�WKDW�SULPLWLYH

)LJXUH��������$�6FHQH�8VLQJ�7H[WXUHV
7H[WXUHV ��



/LVWLQJ������$�7H[WXUHG�6DWHOOLWH�6FHQH�8VLQJ�WKH�SRVWHU�.H\ZRUG

GR�VDWHOOLWHBDQLP�

LQFOXGH���G�RUHV��
LQFOXGH��DQLPV�RUHV�� ����DQLPV�RUHV��LV�QHHGHG�IRU�WKH�PRXVHBFRQWUROOHGBSLFWXUH�SURFHGXUH�

PDWHULDO�W\SH�VRODUBFHOOBPDWHULDO�LV�PHWDO�SRVWHU��VDWHOOLWH�MSJ�� ���&UHDWHV�D�WH[WXUH�VKDGHG�OLNH�PHWDO�
PDWHULDO�W\SH�SDQHOBPDWHULDO�LV�FKDON�SRVWHU��SDQHOV�MSJ�� ���&UHDWHV�D�WH[WXUH�VKDGHG�OLNH�FKDON�

VKDSH�HDUWK�LV
VSKHUH�ZLWK

PDJQLI\�E\�����
PDWHULDO�LV�FKDON�SRVWHU��HDUWK�MSJ�� ���6HWV�WKH�PDWHULDO�WR�D�WH[WXUH�VKDGHG�OLNH�FKDON�

HQG�
HQG� ���HDUWK

VKDSH�GLVK�LV
F\OLQGHU�ZLWK�UDGLXV� �����HQG�� �������!��HQG�� ��������!��HQG�
SDUDERORLG�ZLWK

WRS� ��������!��EDVH� ��������!��UDGLXV� ���
PDWHULDO�LV�SODVWLF�FRORUHG�FKDUFRDO�

HQG�
HQG� ���GLVK

VKDSH�VDWHOOLWH�LV
F\OLQGHU�ZLWK

VFDOH�E\���DORQJ�������!�
PDWHULDO�LV�SDQHOBPDWHULDO� ���6HWV�WKH�PDWHULDO�WR�WKH�SDQHO�WH[WXUH�

HQG�
EORFN�ZLWK

YHUWH[� ��������!��VLGH�� ��������!��VLGH�� ��������!��VLGH�� �������!�
PDWHULDO�LV�VRODUBFHOOBPDWHULDO� ���6HWV�WKH�PDWHULDO�WR�WKH�VRODU�FHOO�PDWHULDO�

HQG�

���FDSSLQJ�EXOJHV�
VSKHUH�ZLWK�FHQWHU� �������!��YPLQ� ����HQG�
VSKHUH�ZLWK�FHQWHU� ��������!��YPD[� ����HQG�

���UDGLR�GLVKHV�
GLVK�ZLWK�PRYH�WR�������!��HQG�
GLVK�ZLWK�PRYH�WR��������!��URWDWH�E\������DURXQG�������!��HQG�

HQG� ���VDWHOOLWH

SLFWXUH�VDWHOOLWHBSLFWXUH�LV
GLVWDQWBOLJKW�IURP���������!�
VDWHOOLWH�ZLWK�PDWHULDO�LV�PHWDO�FRORUHG�OLJKW�RUDQJH��HQG� ���1RWH��EHFDXVH�RI�FRORULQJ�SUHFHGHQFH

���UXOHV��WKLV�OLQH�ZLOO�RQO\�FKDQJH�WKH�PDWHULDO�RI�WKH
����FDSSLQJ�EXOJHV��DQG�WKH�F\OLQGHU�LQ�WKH��GLVK��

HDUWK�ZLWK�PRYH�WR���������������!��HQG�
HQG� ���VDWHOOLWHBSLFWXUH

DQLP�VDWHOOLWHBDQLP�ZLWK
IDFHWV� ���� ���IDFHWV��H\H��DQG�ORRNDW�DUH�SDUDPHWHUV�GLVFXVVHG�LQ�ODWHU�FKDSWHUV�
H\H� ���������!�
ORRNDW� ��������!�
DPELHQW� ����������!� ���$PELHQW�OLJKWLQJ�VKRXOG�EH�ORZ�EHFDXVH�WKLV�LV�D�VSDFH�VFHQH�

LV
PRXVHBFRQWUROOHGBSLFWXUH�VDWHOOLWHBSLFWXUH������7KLV�OHWV�\RX�XVH�PRXVH�FRQWUROV�WR�FKDQJH�WKH�YLHZ�

HQG� ���VDWHOOLWHBDQLP
�� 0RGHOLQJ



0
RGHOLQJ
1RWH� WKDW� D�SRVWHU�PXVW� XVH�RQH�RI� WKH� VWDQGDUG�PDWHULDOV� GHVFULEHG� LQ� WKH�
0DWHULDOV� VHFWLRQ�DERYH��FKDON��SODVWLF��PHWDO��RU� FRQVWDQWBFRORU��:KHQ�\RX�PDNH�
D� WH[WXUHG�PDWHULDO�� WKH� LPDJH� \RX� VSHFLI\� LV�EOHQGHG�ZLWK� WKH�PDWHULDO·V� FRORU��
7KXV�� FRORU� DQG� VKDGLQJ� DIIHFW� WH[WXUHG�PDWHULDOV� DV�ZHOO� DV�QRUPDO�PDWHULDOV��
)RU� WKLV� UHDVRQ��ZKHQ� \RX�XVH� D� FRQVWDQWBFRORU� WRJHWKHU�ZLWK� D� WH[WXUH�� \RX·OO�
SUREDEO\�ZDQW� WR� XVH�ZKLWH�� VR� WKDW� DOO� WKH� FRORUV�RI� WKH� WH[WXUH� DUH�SXUH��
+RZHYHU�� \RX� FRXOG� MXVW� DV� HDVLO\�EOHQG�DQ� LPDJH�ZLWK� D�QRQ�ZKLWH�FRORU� WR�
SURGXFH� D� GLIIHUHQWO\�KXHG�RU� GDUNHU� WH[WXUH�

,Q� DGGLWLRQ� WR� WKH�SRVWHU� NH\ZRUG�� WKHUH� LV� DOVR� D�SDLQWHG� NH\ZRUG�� DQG� D�
WH[WXUHG�NH\ZRUG��7KH�SDLQWHG� NH\ZRUG�WDNHV�DQ� LPDJH�W\SH�SDUDPHWHU�DQG� LV�
XVHIXO�LI�\RX�ZDQW�WR�XVH�WKH�VDPH�LPDJH�IRU�PXOWLSOH�WH[WXUHV��EXW�RQO\�ZLVK�
WR� ORDG� LW� RQFH�

7KH� WH[WXUHG� NH\ZRUG� WDNHV� D� WH[WXUH� W\SH� SDUDPHWHU��7KH� WH[WXUH� W\SH� LV� DQ�
20$5�VXEMHFW�GHILQHG�LQ�QDWLYHBWH[WXUHV�RUHV��7R�XQGHUVWDQG�KRZ�WR�XVH�WKH�
WH[WXUH� W\SH� SURSHUO\�� \RX�PD\�QHHG� WR� UHYLHZ� WKH� VHFWLRQV�RQ�REMHFW�RULHQWHG�
SURJUDPPLQJ� LQ�7KH�20$5�3URJUDPPLQJ�/DQJXDJH�5HIHUHQFH�0DQXDO� DQG�
3URJUDPPLQJ�*XLGH��8VLQJ� D� WH[WXUH� W\SH� DOORZV� \RX� WR� WXUQ�RQ�RU�RII� VSHFLDO�
WH[WXULQJ� IHDWXUHV�� VXFK� DV�PLSPDSSLQJ� DQG� LQWHUSRODWLRQ��ZKRVH�SURSHUWLHV� DUH�
EH\RQG� WKH� VFRSH�RI� WKLV�PDQXDO�

7KH�WH[WXUH�W\SH·V�PRVW�XVHIXO�IHDWXUH�LV�WKDW�LW�DOORZV�\RX�WR�FKHFN�WKH�FXUUHQW�
VWDWXV�RI�D�SDUWLFXODU�WH[WXUH��7KH�+\SHUFRVP�V\VWHP�XVHV�GHIHUUHG�WH[WXULQJ��ZKLFK�
PHDQV�WKDW�LW�GUDZV�DOO�JUDSKLFV�LPPHGLDWHO\��HYHQ�LI�WH[WXUHV�KDYHQ·W�EHHQ�ORDGHG�
\HW�� DQG� WKHQ� LQFOXGHV� WKH� WH[WXUHV� LQ� WKH� JUDSKLFV� DV� VRRQ� DV� WKH\·UH� ORDGHG��
6RPHWLPHV�WH[WXUHV�WDNH�D�ZKLOH�WR�ORDG��HVSHFLDOO\�LI�WKH\�XVH�ODUJH�LPDJH�ILOHV��

([DPSOH��8VLQJ�WKH�,PDJH�7\SH

LPDJH�W\SH�VWDUBLPDJH�QDPHG��VWDUV�MSJ�� ���1RZ���VWDUV�MSJ��KDV�EHHQ�ORDGHG�LQWR�VWDUBLPDJH�
PDWHULDO�W\SH�ZKLWHBVWDUV�LV�FRQVWDQWBFRORU�ZKLWH�SDLQWHG�VWDUBLPDJH�
PDWHULDO�W\SH�UHGBVWDUV�LV�FRQVWDQWBFRORU�UHG�SDLQWHG�VWDUBLPDJH�

)LJXUH�������7KH�7H[WXUH�7\SH�DQG�LWV�0HWKRGV

HQXP�WH[WXUHBVWDWXV�LV�LQYDOLG��GLVDEOHG��XQORDGHG��ORDGHG�

VXEMHFW�WH[WXUH�GRHV
QDWLYH�YHUE�QHZ

XVLQJ�LPDJH�W\SH�LPDJH�
ZLWK

ERROHDQ�LQWHUSRODWLRQ�LV�RQ�
ERROHDQ�PLSPDSSLQJ�LV�RQ�
ERROHDQ�ZUDSDURXQG�LV�RQ�

HQG� ���QHZ

QDWLYH�WH[WXUHBVWDWXV�W\SH�TXHVWLRQ�VWDWXV�
QDWLYH�YHUE�ILQLVKBORDGLQJ�

HQG� ���WH[WXUH
7H[WXUHV ��



)RU� WKLV� UHDVRQ�� \RX�PD\�ZDQW� WR�GHOD\� GUDZLQJ� D� WH[WXUHG� VKDSH�� RU� FRORU� LW�
GLIIHUHQWO\�� XQWLO� LWV� WH[WXUH� LV� ¶UHDG\·� WR�EH�GUDZQ�

<RX� FDQ�XVH� WKH� VWDWXV�PHWKRG� WR�GHWHUPLQH�ZKHWKHU� D�SDUWLFXODU� WH[WXUH�KDV�
EHHQ� ORDGHG��RU� LV�VWLOO�XQORDGHG��<RX�FDQ�DOVR�XVH� WKH� ILQLVKBORDGLQJ�PHWKRG� WR�
SUHYHQW� GHIHUUHG� WH[WXULQJ�� DQG� IRUFH� D� WH[WXUH� WR� ORDG�EHIRUH� \RXU� SURJUDP�
SURFHHGV�ZLWK� GUDZLQJ�

,Q� VRPH� FDVHV�� D� WH[WXUH�PD\�QHYHU�EH� UHQGHUHG� DW� DOO��7KH� LPDJH� ILOH�PD\�EH�
LQYDOLG��ZKLFK�PHDQV� LW� GRHVQ·W� H[LVW�� FDQQRW�EH� IRXQG�� RU� LV� QRW� D� UHFRJQL]HG�
LPDJH�ILOH�W\SH��7H[WXULQJ�PLJKW�DOVR�EH�GLVDEOHG��7KLV�RFFXUV�RQ�FRPSXWHUV�WKDW�
GR�QRW� VXSSRUW� WH[WXULQJ�� DQG�PDQ\� FRPSXWHUV� VWLOO� GR�QRW��<RX� FDQ�XVH� WKH�
VWDWXV�PHWKRG� WR� GHWHUPLQH� LI� D� WH[WXUH� LV� LQYDOLG�RU�GLVDEOHG�� DQG� WKHQ� DGMXVW�
\RXU� JUDSKLFV� DFFRUGLQJO\�

7KH�+\SHUFRVP� V\VWHP�FDQ� FUHDWH� WH[WXUHV� IURP�*,)�� -3(*��RU�7DUJD� LPDJH�
ILOHV��7R�EH�DEOH�WR�YLHZ�WH[WXUHV��\RXU�PDFKLQH�PXVW�KDYH��'�JUDSKLFV�KDUGZDUH�
VXSSRUW��,I�\RX·UH�SURGXFLQJ�D�ZHE�DSSOHW��UHPHPEHU�WKDW�HYHQ�LI�\RXU�FRPSXWHU�
FDQ�UHQGHU�WH[WXUHV��RWKHU�FRPSXWHUV�UXQQLQJ�WKH�VDPH�20$5�DSSOHW�PD\�QRW�
EH� DEOH� WR� UHQGHU� WH[WXUHV�

([DPSOH��8VLQJ�WKH�7H[WXUH�7\SH

LPDJH�W\SH�OLJKWZRRG�QDPHG��OLJKWZRRG�MSJ��
WH[WXUH�W\SH�OLJKWZRRGBWH[WXUH�XVLQJ�OLJKWZRRG��
WH[WXUH�W\SH�VFUDWFKHGBWH[WXUH�XVLQJ��QHZ�LPDJH�W\SH�QDPHG��VFUDWFKHG�MSJ���ZLWK

LQWHUSRODWLRQ�LV�RQ�
PLSPDSSLQJ�LV�RII�

HQG�

PDWHULDO�W\SH�ZRRGBYHQHHU�LV��SODVWLF�WH[WXUHG�OLJKWZRRGBWH[WXUH�FRORUHG�EURZQ��
PDWHULDO�W\SH�EUXVKHGBPHWDO�LV��PHWDO�WH[WXUHG�VFUDWFKHGBWH[WXUH��

LI�VFUDWFKHGBWH[WXUH�VWDWXV�LV�GLVDEOHG�WKHQ ���&KHFN�ZKHWKHU�WKLV�PDFKLQH�VXSSRUWV�
EORFN�ZLWK�PDWHULDO�LV�PHWDO�FRORUHG�JUH\� ���WH[WXULQJ�RU�QRW�

HOVH
VFUDWFKHGBWH[WXUH�ILQLVKBORDGLQJ� ���3UHYHQW�GHIHUUHG�WH[WXULQJ
LI�VFUDWFKHGBWH[WXUH�VWDWXV�LV�LQYDOLG�WKHQ

EORFN�ZLWK�PDWHULDO�LV�PHWDO�FRORUHG�JUH\�
HOVH

EORFN�ZLWK�PDWHULDO�LV�ZRRGBYHQHHU�
HQG�

HQG�
�� 0RGHOLQJ



0
RGHOLQJ
3URFHGXUDO�0RGHOLQJ
0RVW�JUDSKLFV� V\VWHPV�GHVFULEH�HDFK�REMHFW� DV� D� VLPSOH� OLVW�RI� WKH�FRPSRQHQW�
SDUWV��6LQFH�+\SHUFRVP�XVHV�D�FRPSOHWH�SURJUDPPLQJ�ODQJXDJH��\RX�FDQ�GHILQH�
VKDSHV�DW�D�PXFK�KLJKHU�OHYHO�WKDQ�WKLV��LQ�D�SURFHVV�NQRZQ�DV�SURFHGXUDO�PRGHOLQJ��

3URFHGXUDO�PRGHOLQJ� DOORZV� \RX� WR�GHVFULEH� REMHFWV�E\� JLYLQJ� WKH� LQVWUXFWLRQV�
QHFHVVDU\� WR�JHQHUDWH� WKH�FRPSRQHQW�SDUWV�RI� WKH�REMHFW� LQVWHDG�RI�H[SOLFLWO\�
OLVWLQJ�WKH�SDUWV��3URFHGXUDO�PRGHOLQJ�LV�HVSHFLDOO\�HIIHFWLYH�IRU�GHILQLQJ�REMHFWV�
ZKLFK�KDYH� D� ORW� RI� UHSHWLWLRQ�RU� VHOI�VLPLODULW\�� )RU� H[DPSOH�� WR�GHVFULEH� D�
SLFNHW� IHQFH�� LQVWHDG�RI�VLPSO\� OLVWLQJ� WKH� ORFDWLRQV�RI�HDFK�SLFNHW��\RX�FRXOG�
LQVWHDG�GHVFULEH� WKH� IHQFH�E\�ZULWLQJ� D� VQLSSHW�RI� FRGH� WR� UHSHDWHGO\� FUHDWH�
WKH� SLFNHWV� D� FHUWDLQ�QXPEHU�RI� WLPHV�ZKLOH�PRYLQJ� HDFK�SLFNHW� RYHU�E\� D�
FHUWDLQ� DPRXQW� HDFK� WLPH�

$QRWKHU�H[DPSOH�ZKHUH�SURFHGXUDO�PRGHOLQJ�LV�YHU\�HIIHFWLYH�LV�LQ�GHVFULELQJ�
QDWXUDO�SKHQRPHQD��&RQVLGHU�D�FRPSOLFDWHG�REMHFW�VXFK�DV�D�WUHH��,I�\RX�ZHUH�
WR�GHVFULEH�KRZ�D�WUHH�ORRNV�E\�GHVFULELQJ�HDFK�DQG�HYHU\�WZLJ��OHDI�DQG�EUDQFK��
\RX�ZRXOG�KDYH�D�YHU\�ODUJH�GHVFULSWLRQ�ZKLFK�GRHVQ·W�UHDOO\�JHW�DW�WKH�HVVHQFH�
RI�WKH�WUHH��,QVWHDG��\RX�FRXOG�GHVFULEH�D�WUHH�E\�VD\LQJ�WKDW�LW�KDV�D�WUXQN�ZKLFK�
GLYLGHV�LQWR�EUDQFKHV�DQG�HDFK�EUDQFK�GLYLGHV�LQWR�VPDOOHU�DQG�VPDOOHU�EUDQFKHV�
XQWLO� WKH� OLWWOH� WZLJV� HQG� LQ� OHDYHV��7KLV�GHVFULSWLRQ� VLPSO\� UHODWHV�KRZ� WKH� WUHH�
LV�FUHDWHG��UDWKHU�WKDQ�GHVFULELQJ�WKH�HQWLUH�WUHH�LWVHOI��DQG�WKDW·V�ZKHUH�WKH�SRZHU�
RI�SURFHGXUDO�PRGHOLQJ� OLHV��

3DUDPHWULF�3URFHGXUDO�0RGHOV
7R� FUHDWH�SURFHGXUDO�PRGHOV�� \RX�KDYH� WR� OHDUQ�KRZ� WR�XVH� WKH�20$5�
SURJUDPPLQJ� ODQJXDJH��ZKLFK� LV�GHVFULEHG� LQ� WKH�20$5�3URJUDPPLQJ�/DQJXDJH�
5HIHUHQFH�0DQXDO� DQG�3URJUDPPLQJ�*XLGH��7KH� UHVW� RI� WKLV� VHFWLRQ� JLYHV� D�EULHI�
RYHUYLHZ�RI� WKH� NLQGV� RI� WKLQJV� \RX� FDQ�GR�ZLWK�SURFHGXUDO�PRGHOLQJ�� DORQJ�
ZLWK� VRPH� FRGH� H[DPSOHV�

2QH�WHFKQLTXH�IRU�FUHDWLQJ�IOH[LEOH�PRGHOV�WKDW�FDQ�HDVLO\�EH�YDULHG�LV�WR�SURYLGH�
WKH�PRGHOV�ZLWK�SDUDPHWHUV��7KH� LGHD� EHKLQG� SDUDPHWHUV� LV� WR� XVH� WKH� VDPH�
REMHFW� GHVFULSWLRQ�ZLWK�GLIIHUHQW� YDOXHV� WR� FUHDWH�GLIIHUHQW�REMHFWV�� 7KH�SLFNHW�
IHQFH�IURP�WKH�H[DPSOH�DERYH�FRXOG�KDYH�WKH�QXPEHU�RI�SLFNHWV�DV�D�SDUDPHWHU��
7KHQ�WKH�VDPH�REMHFW�GHVFULSWLRQ�FRXOG�EH�XVHG�WR�FUHDWH�IHQFHV�ZLWK�����SLFNHWV�
RU� ����� SLFNHWV��
3URFHGXUDO�0RGHOLQJ ��



7KH�IROORZLQJ�WZR�H[DPSOHV� LOOXVWUDWH�KRZ�D�VKDSH�GHVFULSWLRQ��FUDZOHU��FDQ�EH�
JLYHQ� H[WUD� IOH[LELOLW\� E\�XVLQJ� D� YDULDEOH�SDUDPHWHU�� WUHDGV�

)UDFWDOV�LQ�1DWXUH
0DQ\� VKDSHV� LQ�QDWXUH�KDYH� WKH� FKDUDFWHULVWLF� WKDW� LI� \RX� H[DPLQH� WKHP�RQ� D�
VPDOO�VFDOH��\RX�VHH�WKH�VDPH�VWUXFWXUH�WKDW�\RX�VHH�RQ�D�ODUJH�VFDOH��,I�\RX�ORRN�
DW�D�PRXQWDLQ��\RX�VHH�WKDW�LW�KDV�PDQ\�URFN\�RXWFURSSLQJV�ZKLFK�LQ�WXUQ�HDFK�
ORRN�OLNH�OLWWOH�PRXQWDLQV��(DFK�LQGLYLGXDO�URFN\�RXWFURSSLQJ�LV�PDGH�XS�RI�ODUJH�
ERXOGHUV�ZKLFK�LQ�WXUQ�ORRN�OLNH�HYHQ�OLWWOHU�PRXQWDLQV��DQG�VR�IRUWK��7KH�VDPH�
WKLQJ�JRHV�IRU�WUHHV��$�WUHH�KDV�D�IHZ�ODUJH�EUDQFKHV��ZKLFK�DUH�HDFK�VLPLODU�WR�
VPDOOHU� WUHHV��7KH� ODUJH�EUDQFKHV�KDYH� VPDOOHU� RQHV��ZKLFK�KDYH� HYHQ� VPDOOHU�
EUDQFKHV�XQWLO� \RX� JHW� WR� WKH� WLQ\�EUDQFKHV��ZKLFK�KDYH� OHDYHV� DWWDFKHG��7KLV�
SURSHUW\� LV� FDOOHG� VHOI�VLPLODULW\�

)LJXUH��������&UDZOHU�ZLWK�7UHDGV� ���

)LJXUH��������&UDZOHU�ZLWK�7UHDGV� ���
�� 0RGHOLQJ



0
RGHOLQJ
,PSOHPHQWLQJ�)UDFWDOV
7R� LPSOHPHQW� IUDFWDOV� RQ� WKH� FRPSXWHU�� \RX� H[SUHVV� WKH� VHOI�VLPLODU� SURSHUW\�
RI�REMHFWV�E\�KDYLQJ� WKH�REMHFW�FRQWDLQ�VPDOOHU�FRSLHV�RI� LWVHOI��7KH�GHILQLWLRQ�
RI�WKH�REMHFWV�LV�WKHUHIRUH��UHFXUVLYH��$OO�UHFXUVLYH�REMHFWV�PXVW�KDYH�D�SRLQW�DW�
ZKLFK� WKH� UHFXUVLRQ� VWRSV�RU� HOVH� WKH� FRPSXWHU�ZLOO� WU\� WR�EXLOG� DQ� LQILQLWHO\�
UHFXUVLYH�REMHFW� DQG� HYHQWXDOO\� IDLO�� )RU� WKH� WUHH� H[DPSOH�� WKH� UHFXUVLRQ� VWRSV�
ZKHQ�WKH� WLQ\�EUDQFKHV� WXUQ� LQWR� OHDYHV��$�VWRSSLQJ�SRLQW�FDQ�EH�VSHFLILHG�E\�
KDYLQJ� WKH�REMHFW� WDNH� DQ� LQWHJHU�SDUDPHWHU� WKDW� LQGLFDWHV� WKH� UHFXUVLRQ� OHYHO��
:KHQ� WKH�REMHFW� FUHDWHV�RQH�RI� LWV� UHFXUVLYH�SDUWV�� LW� LQFUHPHQWV� WKH�UHFXUVLRQ�
OHYHO� RQH� VWHS� FORVHU� WR� WKH� VWRSSLQJ� OHYHO� VR� WKDW� HYHQWXDOO\�� DIWHU� VR�PDQ\�
VWHSV�� WKH� UHFXUVLRQ� VWRSV�

)LJXUH��������7UHH�ZLWK�%UDQFKLQJ� ��

)LJXUH��������7UHH�ZLWK�%UDQFKLQJ� ��
3URFHGXUDO�0RGHOLQJ ��



,Q�WKH�WUHH�H[DPSOH�EHORZ��WKH�UHFXUVLRQ�OHYHO�LV�LQGLFDWHG�E\�WKH�LQWHJHU�QDPHG�
EUDQFKLQJ�

/LVWLQJ������$�)UDFWDO��5HFXUVLYH��7UHH

GR�WUHHBSLFWXUH�

LQFOXGH���G�RUHV��

VKDSH�WUHH�ZLWK
LQWHJHU�EUDQFKLQJ� ���� ���WKH�UHFXUVLRQ�OHYHO

LV
VKDSH�OHDI�LV�

VSKHUH�ZLWK�UDGLXV� ������FRORU� �JUHHQ���HQG�
HQG� ���OHDI

���WUXQN
FRQH�ZLWK

HQG�� �������!��HQG�� �������!�
UDGLXV�� �����UDGLXV�� �����FRORU� �EURZQ�

HQG�
LI�EUDQFKLQJ�!���WKHQ

���EUDQFKHV
WUHH�ZLWK

EUDQFKLQJ� �VWDWLF�EUDQFKLQJ�����
URWDWH�E\����DURXQG�������!�
URWDWH�E\����DURXQG�������!�
PDJQLI\�E\�����PRYH�WR�������!�

HQG�
WUHH�ZLWK

EUDQFKLQJ� �VWDWLF�EUDQFKLQJ�����
URWDWH�E\�����DURXQG�������!�
URWDWH�E\�����DURXQG�������!�
PDJQLI\�E\�����PRYH�WR�������!�

HQG�
HOVH

OHDI�ZLWK�PRYH�WR�������!��HQG� ���OHDI
HQG�

HQG� ���WUHH

SLFWXUH�WUHHBSLFWXUH�ZLWK
H\H� ��������!�
ORRNDW� ����������!�
ILHOGBRIBYLHZ� ����

LV
GLVWDQWBOLJKW�IURP��������!�
WUHH�
GLVN�ZLWK�FRORU� �GDUN�JUHHQ��HQG�

HQG� ���WUHHBSLFWXUH
�� 0RGHOLQJ



0
RGHOLQJ
,Q�WKH�IROORZLQJ�¶VSKHUHIODNH·�H[DPSOH��WKH�OHYHO�RI�UHFXUVLRQ�LV�LQGLFDWHG�E\�WKH�
LQWHJHU� YDULDEOH�QDPHG� OHYHO�

)LJXUH��������6SKHUHIODNH�ZLWK�/HYHO� ��

)LJXUH��������6SKHUHIODNH�ZLWK�/HYHO� ��
3URFHGXUDO�0RGHOLQJ ��



/LVWLQJ������$�)UDFWDO��5HFXUVLYH��6SKHUHIODNH

GR�VSKHUHIODNHBSLFWXUH�

LQFOXGH���G�RUHV��

VKDSH�VSKHUHIODNH�ZLWK
LQWHJHU�OHYHO� ��� ��WKH�OHYHO�RI�UHFXUVLRQ
VFDODU�IDFWRU� ����� ��GHWHUPLQHV�WKH�UHODWLYH�VL]H�RI�HDFK�OHYHO�RI�VSKHUHV

LV
VKDSH�PLQLIODNH�LV

VSKHUHIODNH�ZLWK
OHYHO� �VWDWLF�OHYHO�����
PDJQLI\�E\�IDFWRU�
PRYH�WR�����������IDFWRU�!�

HQG�
HQG� ���PLQLIODNH

LI�OHYHO�PRG��� ���WKHQ
FRORU� �RUDQJH�

HOVHLI�OHYHO�PRG��� ���WKHQ
FRORU� �GDUN�UDVSEHUU\�

HOVH
FRORU� �OLJKW�WHDO�

HQG�

���&HQWHU�VSKHUH
VSKHUH�ZLWK�PDWHULDO�LV�PHWDO�FRORUHG�FRORU�

���6XUURXQGLQJ�VSKHUHIODNHV
LI�OHYHO�!���WKHQ

PLQLIODNH�
PLQLIODNH�ZLWK�URWDWH�E\�����DURXQG�������!��HQG�
PLQLIODNH�ZLWK�URWDWH�E\����DURXQG�������!��HQG�
PLQLIODNH�ZLWK�URWDWH�E\�����DURXQG�������!��HQG�
PLQLIODNH�ZLWK�URWDWH�E\����DURXQG�������!��HQG�
PLQLIODNH�ZLWK�URWDWH�E\�����DURXQG�������!��HQG�

HQG�
HQG� ���VSKHUHIODNH

SLFWXUH�VSKHUHIODNHBSLFWXUH�ZLWK
H\H� ��������!�
ILHOGBRIBYLHZ� ����
UHIOHFWLRQV�LV�RQ�
VKDGRZV�LV�RQ�
IDFHWV� ��� ��VHWV�WKH�UHQGHUBPRGH�WR�UD\�WUDFLQJ

LV
GLVWDQWBOLJKW�IURP����������!�
VSKHUHIODNH�ZLWK

OHYHO� ���
HQG�

HQG� ���VSKHUHIODNHBSLFWXUH
�� 0RGHOLQJ



&+$37(5��

9LHZLQJ

$V�KDV�EHHQ�QRWHG��WKH�FRPSXWHU�JUDSKLFV�SURFHVV�LV�D�ORW�OLNH�SKRWRJUDSK\��,Q�
ERWK�V\VWHPV��D�JRRG�SLFWXUH�GHSHQGV�DV�PXFK�XSRQ�WKH�FDPHUD�SODFHPHQW�DV�
LW�GRHV�RQ� WKH� VXEMHFW�PDWWHU� DQG� OLJKWLQJ�RI� WKH� VFHQH��8VLQJ� WKH�+\SHUFRVP�
V\VWHP��RQFH�\RX·YH�PRGHOHG�D�VFHQH��\RX�FDQ�HDVLO\�JHQHUDWH�VHYHUDO�GLIIHUHQW�
UHQGHULQJV�RI�WKH�VDPH�VFHQH�ZLWK�OLWWOH�HIIRUW��MXVW�E\�FKDQJLQJ�WKH�SRVLWLRQ�RI�
WKH�¶YLUWXDO�FDPHUD�·�$Q�DUFKLWHFWXUDO�UHQGHULQJ��IRU�H[DPSOH��KDV�D�YHU\�GLIIHUHQW�
IHHO� WR� LW�GHSHQGLQJ�XSRQ�ZKHWKHU�\RX�FKRRVH� WR�SODFH� WKH�FDPHUD� LQ�IURQW�RI�
D�EXLOGLQJ�� LQVLGH�RI� LW� RU� DERYH� LW�� DV� LQ� DQ� DHULDO� VKRW�

+\SHUFRVP�DOVR�KDV� DQ� DVVRUWPHQW�RI�GLIIHUHQW� FDPHUD� OHQVHV� IURP�ZKLFK� WR�
FKRRVH��:LGH� DQJOH� OHQVHV�PD\� EH�XVHG� WR� HPSKDVL]H� WKH�ZLGH� RSHQ� H[SDQVH�
RI� D� IUDFWDO�PRXQWDLQ� ODQGVFDSH�RU� WKH� WRZHULQJ� KHLJKW�RI� DQ� LPDJLQDU\�
VN\VFUDSHU��7HOHSKRWR� OHQVHV�PD\�EH�XVHG� WR�PLQLPL]H�RU� HYHQ� HOLPLQDWH�
SHUVSHFWLYH� WR�PDNH� DQ� HQJLQHHULQJ�GHVLJQ�PRUH�XQGHUVWDQGDEOH�

7KLV� FKDSWHU� GHVFULEHV�+\SHUFRVP·V� QXPHURXV�YLHZLQJ�RSWLRQV�

&DPHUD�3ODFHPHQW
$Q\� FDPHUD�SODFHPHQW� FDQ�EH�GHVFULEHG� WR� WKH� FRPSXWHU�E\� WZR�SDUDPHWHUV��
7KHVH� DUH�

� H\H³7KH� ORFDWLRQ�RI� WKH� YLUWXDO� FDPHUD�

� ORRNDW³7KH� ORFDWLRQ� WRZDUGV�ZKLFK� WKH� FDPHUD�SRLQWV�
��



,I� WKH� FDPHUD�SRVLWLRQLQJ�YDULDEOHV� DUH�QRW� H[SOLFLWO\� VHW� LQ� \RXU�20$5� ILOHV��
WKH� GHIDXOWV�� IRXQG� LQ�QDWLYHBUHQGHU�RUHV��ZLOO� EH�XVHG�

,I� \RX�ZDQW� WR� VHW� WKHVH� SDUDPHWHUV� �RU� DQ\�RI� WKRVH�GHVFULEHG� ODWHU� LQ� WKLV�
FKDSWHU�� \RXUVHOI�� \RX� FDQ�GR� VR� LQ� WKH�ZLWK� VHFWLRQ�RI� D�SLFWXUH� RU�DQLP�

&DPHUD�2ULHQWDWLRQ
2QFH�\RX�VSHFLI\�ZKHUH� WKH�FDPHUD� LV�DQG� LQ�ZKDW�GLUHFWLRQ� LW� LV�SRLQWHG��\RX�
FDQ� WLOW� WKH� FDPHUD� DURXQG� LQ� WKH� IUDPH�RI� UHIHUHQFH�RI� WKH� FDPHUD� XVLQJ� WKH�
SDUDPHWHUV� UROO��\DZ� DQG�SLWFK�

� UROO³7KH�DQJOH�RI�WKH�FDPHUD·V�WLOW�DURXQG�WKH�OLQH�RI�VLJKW��$�SRVLWLYH�UROO�
WLOWV� WKH� FDPHUD� LQ� D� FORFNZLVH�GLUHFWLRQ��ZKLFK� VSLQV� WKH� VFUHHQ� LPDJH�
FRXQWHUFORFNZLVH�

� \DZ³8VH�WKLV�DQJOH�WR�WXUQ�WKH�FDPHUD�WR�WKH�OHIW�RU�ULJKW��$�SRVLWLYH�\DZ�
WXUQV�WKH�FDPHUD�WR�WKH�ULJKW��ZKLFK�FDXVHV�WKH�LPDJH�WR�VZLQJ�WR�WKH�OHIW��

)LJXUH������7KH�&DPHUD�3RVLWLRQLQJ�9DULDEOHV�	�'HIDXOWV

YHFWRU�H\H� �����������!�
YHFWRU�ORRNDW� �������!�

([DPSOH��6HWWLQJ�WKH�&DPHUD�3DUDPHWHUV

SLFWXUH�VFHQH�ZLWK
H\H� ���������!�
ORRNDW� ��������!�

LV
^���`

HQG�

)LJXUH�������&DPHUD�*HRPHWU\
�� 9LHZLQJ



9
LHZ

LQJ
� SLWFK³8VH�WKLV�DQJOH�WR�WLOW�WKH�FDPHUD�XS�DQG�GRZQ��$�SRVLWLYH�SLWFK�WLOWV�
WKH� FDPHUD�XSZDUGV� �DV� LQ� DQ� DLUSODQH��

)LHOG�RI�9LHZ
$QRWKHU�LPSRUWDQW�YLHZLQJ�SDUDPHWHU�LV�WKH�ILHOG�RI�YLHZ��,PDJLQH�WKH�YROXPH�
RI�VSDFH� WKDW� LV� WDNHQ� LQ�E\� WKH�FDPHUD� OHQV� WR�EH�D�S\UDPLG��QDUURZLQJ� WR�D�
SRLQW�DW�WKH�FDPHUD�DQG�H[WHQGLQJ�RXWZDUGV�LQILQLWHO\�LQ�WKH�GLUHFWLRQ�WKDW�\RX�
DUH�ORRNLQJ��7KLV�LV�NQRZQ�DV�WKH�YLHZLQJ�IUXVWXP��7KH�ILHOG�RI�YLHZ�LV�VSHFLILHG�
DV� WKH� DQJOH� EHWZHHQ� WKH� RSSRVLWH� VLGHV�RI� WKH� YLHZLQJ� IUXVWXP�

$�FDPHUD·V�ILHOG�RI�YLHZ� LV�XVXDOO\�DERXW����GHJUHHV�� ,I�\RX�XVH�D�ZLGH�DQJOH�
OHQV�� WKH� ILHOG�RI� YLHZ� LV� VRPHZKHUH� DURXQG���� WR� ���� GHJUHHV��$� WHOHSKRWR�
OHQV� XVXDOO\� KDV� D� ILHOG�RI� YLHZ� DURXQG���� WR� ��� GHJUHHV�

)LJXUH������7KH�&DPHUD�2ULHQWDWLRQ�9DULDEOHV�	�'HIDXOWV

VFDODU�UROO� ���
VFDODU�\DZ� ���
VFDODU�SLWFK� ���

)LJXUH������7KH�)LHOG�RI�9LHZ�9DULDEOH�	�'HIDXOW

VFDODU�ILHOGBRIBYLHZ� ����

)LJXUH������7KH�9LHZLQJ�)UXVWUXP
)LHOG�RI�9LHZ ��



3URMHFWLRQ
,Q�FRPSXWHU�JUDSKLFV��DV�LQ�SKRWRJUDSK\��WKHUH�LV�QR�SHUIHFW�ZD\�WR�SURMHFW�WKH�
WKUHH�GLPHQVLRQDO�ZRUOG�RQWR�D�IODW�VXUIDFH��&DUWRJUDSKHUV�IDFH�D�VLPLODU�SUREOHP�
ZKHQ� UHSUHVHQWLQJ� WKH� FXUYHG� VXUIDFH�RI� WKH� HDUWK�RQ� D� IODW� SLHFH�RI� SDSHU��
:KLOH� WKHUH� LV� QR�SHUIHFW� VROXWLRQ� WR� WKH�SUREOHP�� WKHUH� DUH� VHYHUDO� GLIIHUHQW�
DSSURDFKHV��HDFK�ZLWK�LWV�RZQ�PHULWV��+\SHUFRVP�VXSSRUWV�IRXU�GLIIHUHQW�XVHIXO�
SURMHFWLRQ� W\SHV��RUWKRJUDSKLF��SHUVSHFWLYH�� ILVKH\H�� DQG�SDQRUDPLF�

7KH�2UWKRJUDSKLF�3URMHFWLRQ
7KH�RUWKRJUDSKLF�SURMHFWLRQ�LV�GLVWLQJXLVKHG�IURP�RWKHUV�E\�KDYLQJ�D�WRWDO�ODFN�
RI�SHUVSHFWLYH��7KDW� LV�� REMHFWV� IDU� DZD\� GR�QRW� DSSHDU� VPDOOHU� WKDQ�REMHFWV�
FORVH�E\�� VR� HYHU\WKLQJ� LQ� WKH� LPDJH� LV� RQ� WKH� VDPH� VFDOH��7KLV�SURMHFWLRQ� LV�
XQXVXDO�EHFDXVH�LW�GRHVQ·W�KDYH�D�WUXH�FRXQWHUSDUW�LQ�WKH�UHDO�ZRUOG��,I�\RX�ORRN�
WKURXJK�D� WHOHVFRSH��RU�RWKHU�RSWLFDO�GHYLFH�ZLWK�D� WLQ\�ILHOG�RI�YLHZ�� WKHQ�WKH�
LPDJH�WKDW�\RX�VHH�LV�FORVH�WR�DQ�RUWKRJUDSKLF�LPDJH�EHFDXVH�WKHUH�LV�YHU\�OLWWOH�
SHUVSHFWLYH� HIIHFW�

7KH�RUWKRJUDSKLF� SURMHFWLRQ� LV� XVHIXO� LQ� FDVHV�ZKHUH� \RX�ZDQW� WR�SURGXFH� DQ�
LPDJH�ZLWKRXW�DQ\�SHUVSHFWLYH��7KLV�LV�FRPPRQ�LQ�HQJLQHHULQJ�GUDZLQJV�EHFDXVH�
\RX�ZDQW� WR�JLYH�D� VHQVH�RI� WKH��'�JHRPHWU\�RI� WKH�REMHFW�ZLWKRXW�GLVWRUWLQJ�
WKH� UHODWLYH� VFDOLQJ�RI� YDULRXV� SDUWV� RI� WKH�REMHFW�

,QVWHDG�RI�D�S\UDPLGDO�YLHZLQJ�UHJLRQ��WKH�YLHZLQJ�UHJLRQ�WDNHV�WKH�IRUP�RI�DQ�
LQILQLWHO\� ORQJ� EORFN�ZLWK� D� UHFWDQJXODU� FURVV� VHFWLRQ��%HFDXVH� DOO� WKH� VLGHV�RI�

7DEOH������)LHOGV�RI�9LHZ�RI�6RPH�3RSXODU���PP�/HQVHV

)RFDO�/HQJWK�
�PP�

/HQV�&ODVV )LHOG�2I�9LHZ

� 8OWUD�:LGH�$QJOH ���

�� 9HU\�:LGH�$QJOH ���

�� :LGH�$QJOH ���

�� 0RGHUDWH�:LGH�$QJOH ��

�� 1RUPDO ��

�� 0RGHUDWH�7HOHSKRWR ��

��� 7HOHSKRWR ��

)LJXUH������7KH�3URMHFWLRQ�7\SH��9DULDEOH��	�'HIDXOW

HQXP�SURMHFWLRQ�LV�RUWKRJUDSKLF��SHUVSHFWLYH�
ILVKH\H��SDQRUDPLF�

SURMHFWLRQ�W\SH�SURMHFWLRQ�LV�SHUVSHFWLYH�
�� 9LHZLQJ



9
LHZ

LQJ
WKH� YLHZLQJ� UHJLRQ� DUH� SHUSHQGLFXODU�� \RX� FDQ�QR� ORQJHU� VSHFLI\� WKH� ILHOG�RI�
YLHZ� DV� DQ� DQJOH�� VR� IRU� WKLV� SURMHFWLRQ�� XQOLNH� WKH� RWKHUV�� WKH� ILHOG� RI� YLHZ�
YDULDEOH�VHWV�WKH�GLVWDQFH�IURP�RQH�FRUQHU�RI�WKH�YLHZLQJ�UHJLRQ�WR�WKH�RSSRVLWH�
FRUQHU�

7KH�3HUVSHFWLYH�3URMHFWLRQ
7KH�SHUVSHFWLYH�SURMHFWLRQ�LV�WKH�PRVW�FRPPRQ�ZD\�WR�PDS�RXU�VXUURXQGLQJV�
RQWR�D�IODW��'�VXUIDFH�DQG� LV� WKHUHIRUH� WKH�GHIDXOW� IRU� WKH�+\SHUFRVP�V\VWHP��
,I�\RX�ZHUH�WR�EXLOG�D�SLQKROH�FDPHUD�WKDW�SURMHFWHG�LWV�LPDJH�RQWR�D�IODW�SLHFH�
RI�ILOP��WKH�UHVXOWLQJ�LPDJH�ZRXOG�XVH�WKH�SHUVSHFWLYH�SURMHFWLRQ��1RWH�WKDW�WKH�
ILHOG�RI�YLHZ�XVHG�LQ�WKLV�SURMHFWLRQ�FDQ�QHYHU�EH�PRUH�WKDQ�����GHJUHHV�EHFDXVH�
WKHUH�LV�QR�ZD\�RI�SURMHFWLQJ�OLJKW�IURP�EHKLQG�WKH�FDPHUD�RQWR�WKH�ILOP�SODQH�

)LJXUH�������7KH�2UWKRJUDSKLF�3URMHFWLRQ

)LJXUH�������$Q�2UWKRJUDSKLF�,PDJH
3URMHFWLRQ ��



2QH�FKDUDFWHULVWLF�RI�WKLV�SURMHFWLRQ�LV�WKDW�VWUDLJKW�OLQHV�LQ�WKH�UHDO�ZRUOG�SURMHFW�
WR�VWUDLJKW� OLQHV� LQ� WKH�SLFWXUH��7KLV� LV�XVHIXO� WR�NQRZ�LI�\RX�DUH�FUHDWLQJ�DUFKL�
WHFWXUDO�UHQGHULQJV�DQG�\RX�ZDQW�WKH�VWUDLJKW�OLQHV�RI�WKH�EXLOGLQJ�WR�EH�VWUDLJKW�
LQ� WKH�UHQGHULQJ��$�GUDZEDFN�RI� WKLV�SURMHFWLRQ�LV�WKDW�IRU�ZLGH�ILHOGV�RI�YLHZ��
LW�PXVW�VHYHUHO\�GLVWRUW�WKH�LPDJH�LQ�RUGHU�WR�SUHVHUYH�WKH�VWUDLJKW�OLQHV��2EMHFWV�
WRZDUG�WKH�FHQWHU�WHQG�WR�VKULQN�DQG�REMHFWV�DW�WKH�SHULPHWHU�RI�WKH�LPDJH�DUH�
VWUHWFKHG�RXW��7KLV� LV�RIWHQ�HVSHFLDOO\�GLVFRQFHUWLQJ�GXULQJ�DQLPDWLRQV�EHFDXVH�
DV� WKH� FDPHUD�SDQV� DFURVV� WKH� VFHQH�� REMHFWV�ZLOO� HQWHU� WKH�SLFWXUH�� VKULQN�
QRWLFHDEO\�DV� WKH\�FURVV�WKH�FHQWHU�RI� WKH� LPDJH��DQG�WKHQ�VWUHWFK�RXW�DJDLQ�DV�
WKH\� DSSURDFK� WKH� HGJH�RI� WKH�SLFWXUH� DJDLQ�

<RX�FDQ�XQGHUVWDQG�WKLV� LI�\RX�ORRN�DW� WKH�PRGHO�RI�WKH�FDPHUD��7RZDUGV� WKH�
HGJH�RI� WKH�SLFWXUH�� WKH�GLVWDQFH� IURP� WKH� OHQV� WR� WKH� ILOP� LQFUHDVHV�� VR� WKH�
PDJQLILFDWLRQ�RI�WKH�LPDJH�LQFUHDVHV�LQ�WKRVH�DUHDV�SURSRUWLRQDWHO\��7KH�SUREOHP�
LQFUHDVHV�GUDPDWLFDOO\�ZLWK�ZLGHU� ILHOGV�RI� YLHZ�� )RU� YHU\�ZLGH� ILHOGV�RI� YLHZ��
WKH� ILVKH\H�SURMHFWLRQ�PD\� EH�PRUH� VXLWDEOH�

)LJXUH�������7KH�3HUVSHFWLYH�3URMHFWLRQ

)LJXUH��������$�3HUVSHFWLYH�,PDJH
�� 9LHZLQJ
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7KH�)LVKH\H�3URMHFWLRQ
7KH� ILVKH\H� SURMHFWLRQ� LV� DQ� DWWHPSW� WR�PRGHO� WKH� FDPHUD�PRUH� FORVHO\� DIWHU�
WKH�KXPDQ�H\H��,Q�WKH�SLQKROH�FDPHUD�DQDORJ\�� LQVWHDG�RI�SURMHFWLQJ�WKH�LPDJH�
RQWR� D� IODW� SLHFH�RI� ILOP�� WKH� LPDJH� LV� SURMHFWHG� RQWR� D� SLHFH� RI� ILOP� WKDW� LV�
FXUYHG�RQWR�WKH�EDFN�RI�D�VSKHUH�ZLWK�WKH�OHQV�DW�WKH�FHQWHU��<RX�FDQ�LPDJLQH�
WKDW� WKLV� VSKHUH� UHSUHVHQWV� WKH� H\HEDOO� DQG� WKH� ILOP� UHSUHVHQWV� WKH� UHWLQDV�

$Q�LPSRUWDQW�FKDUDFWHULVWLF�RI�WKLV�SURMHFWLRQ�LV�WKDW�LW�LV�FDSDEOH�RI�SUHVHQWLQJ�
YHU\�ZLGH� ILHOGV� RI� YLHZ�� WKHRUHWLFDOO\� XS� WR� ���� GHJUHHV��)RU�PRUH�PRGHUDWH�
ILHOGV�RI�YLHZ��WKH�VWUHWFKLQJ�SUREOHPV�RI�WKH�SHUVSHFWLYH�SURMHFWLRQ�DUH�DOOHYLDWHG�
VLQFH� WKH� ILOP� LV� WKH� VDPH� GLVWDQFH� IURP� WKH� ILOP�SODQH� LQ� DOO� SODFHV��

2QH�XQDYRLGDEOH�SUREOHP�ZLWK�WKLV�SURMHFWLRQ�LV�WKDW�VWUDLJKW�OLQHV�LQ�WKH�VFHQH�
SURMHFW� WR� FXUYHG� OLQHV� LQ� WKH� LPDJH��7KLV�PD\�PDNH� ILVKH\H�SURMHFWLRQ�
XQGHVLUDEOH� IRU�PDQ\� UHQGHULQJV�

$OWKRXJK� WKH� ¶ILVKH\H� HIIHFW·�PD\� DSSHDU�XQQDWXUDO� LQ�YHU\�ZLGH� DQJOH� LPDJHV��
KXPDQV�DFWXDOO\�VHH�WKLV�ZD\�DOO�WKH�WLPH�EXW�MXVW�GRQ·W�QRWLFH�WKH�HIIHFW�EHFDXVH�
RXU�DWWHQWLRQ�LV�IL[HG�RQ�D�VPDOO�SRUWLRQ�RI�RXU�YLVLRQ��,I�\RX�ZHUH�WR�OLH�GRZQ�
LQ�WKH�PLGGOH�RI�D�ILHOG��ORRNLQJ�VWUDLJKW�XS�DW�WKH�VN\��DQG�IRFXVHG�\RXU�DWWHQWLRQ�
RQ� \RXU�SHULSKHUDO� YLVLRQ�� \RX�ZRXOG� QRWLFH� WKDW� \RX� FDQ� VHH� WKH�KRUL]RQ�
DSSHDULQJ�DV�D�FLUFXODU�VWULS�DOO�WKH�ZD\�DURXQG�WKH�SHULPHWHU�RI�\RXU�����GHJUHH�
ILHOG�RI� YLHZ�

)LJXUH��������7KH�)LVKH\H�3URMHFWLRQ
3URMHFWLRQ ��



7KH�3DQRUDPLF�3URMHFWLRQ
:KHQ�SHRSOH� WDNH�ZLGH�DQJOH�SLFWXUHV�� WKH\�DUH�XVXDOO\� LQWHUHVWHG� LQ�FDSWXULQJ�
WKH�GHWDLO�WKDW�LV�YLVLEOH�LQ�D�VWULS�QHDU�WKH�KRUL]RQ��DQG�PXFK�OHVV�LQWHUHVWHG�LQ�
WKH�VN\�DERYH�RU�WKH�JURXQG�EHORZ��:LWK�WKLV�LQ�PLQG��D�VSHFLDO�W\SH�RI�FDPHUD�
ZDV�PDGH� WKDW� WDNHV�SLFWXUHV�E\�XVLQJ�D�F\OLQGULFDO� VWULS�RI� ILOP�DQG� UHYROYLQJ�
WKH� OHQV� LQ� D� FLUFOH� DURXQG� LW�� 7KH� UHVXOWV� RI� WKLV� NLQG� RI�SKRWRJUDSK\� FDQ� EH�
VHHQ� LQ�&LUFOHYLVLRQ����� WKHDWHUV� DW� SODFHV� OLNH�:DOW�'LVQH\�:RUOG·V�(SFRW�
&HQWHU��ZKHUH� WKH� DXGLHQFH� VWDQGV� LQ� D� FLUFXODU� WKHDWHU�ZLWK� LPDJHV� SURMHFWHG�
DORQJ� WKH� HQWLUH� LQVLGH� VXUIDFH�RI� WKH� F\OLQGULFDO�ZDOO�

6LQFH�WKLV�SURMHFWLRQ�LV�WKH�RQO\�RQH�WKDW�GRHVQ·W�KDYH�UDGLDO�V\PPHWU\��WKH�ILHOG�
RI� YLHZ� LV�PHDVXUHG� DFURVV� WKH� KRUL]RQWDO� GLPHQVLRQ�RI� WKH� LPDJH� LQVWHDG� RI�
DFURVV� WKH�GLDJRQDO�� 7KH� ILHOG�RI� YLHZ� FDQ� HQFRPSDVV� DOO� ����GHJUHHV� LQ� WKH�
KRUL]RQWDO�GLUHFWLRQ��$����GHJUHH� ILHOG�RI�YLHZ�� IRU�H[DPSOH�ZRXOG�JLYH�\RX�D�
SLH� VKDSHG� UHJLRQ�ZLWK� WKH� OHIW� HGJH� DQG� ULJKW� HGJHV�RI� WKH� LPDJH� ���GHJUHHV�
DSDUW�

)LJXUH��������$�)LVKH\H�,PDJH

)LJXUH��������7KH�3DQRUDPLF�3URMHFWLRQ
�� 9LHZLQJ
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7KH�SDQRUDPLF�SURMHFWLRQV� LV� VLPLODU� WR� WKH� ILVKH\H�SURMHFWLRQ� LQ� WKDW� VWUDLJKW�
OLQHV� LQ� WKH� WKUHH�GLPHQVLRQDO�ZRUOG�GR�QRW� SURMHFW� WR� VWUDLJKW� OLQHV� LQ� D�
SDQRUDPLF� LPDJH��7KLV�SURMHFWLRQ�PD\� VWLOO� EH� VXLWDEOH� IRU� DUFKLWHFWXUDO�
UHQGHULQJV��KRZHYHU��EHFDXVH�LI�WKH�FDPHUD�LV�OHYHO��WKHQ�DOO�YHUWLFDO�VWUDLJKW�OLQHV�
LQ� WKH�ZRUOG�ZLOO� SURMHFW� WR� YHUWLFDO� VWUDLJKW� OLQHV� LQ� WKH� LPDJH�

6WHUHRVFRSLF�3LFWXUHV
,Q�WKH�UHDO�ZRUOG��\RX�SHUFHLYH�REMHFWV�DV�KDYLQJ�GHSWK��<RXU�DELOLW\�WR�SHUFHLYH�
WKH�GHSWK�RI�REMHFWV�FRPHV�IURP�WKH�IDFW�WKDW�\RXU�WZR�H\HV�DUH�VHSDUDWHG�IURP�
RQH� DQRWKHU�� DQG� WKHUHIRUH� HDFK� H\H� VHHV� D� VOLJKWO\�GLIIHUHQW� YLHZ��<RXU� EUDLQ�
LQWHJUDWHV�WKHVH�WZR�VOLJKWO\�GLIIHUHQW�LPDJHV�LQWR�RQH�WKUHH�GLPHQVLRQDO�LPDJH³
D� VWHUHRVFRSLF� LPDJH�

,Q�RUGHU�WR�VLPXODWH�VWHUHR�YLVLRQ��+\SHUFRVP�XVHV�WZR�VHSDUDWH�YLUWXDO�FDPHUDV��
RQH� IRU� HDFK� H\H�� DQG� VLPXOWDQHRXVO\� SUHVHQWV� D�GLIIHUHQW� LPDJH� WR� HDFK� H\H��
7KH�GLIILFXOW\�KHUH� LV�KRZ�WR� VLPXOWDQHRXVO\�SUHVHQW� D�GLIIHUHQW� LPDJH� WR�HDFK�
H\H�ZKHQ� ERWK� RI� \RXU� H\HV� DUH� ORRNLQJ� DW� WKH� VDPH� FRPSXWHU�PRQLWRU��

+\SHUFRVP�XVHV�D�WHFKQLTXH�FDOOHG�DQDJO\SK��7KLV�LV�WKH�VDPH�WHFKQLTXH�XVHG�LQ�
WKH��'�PRYLHV� WKDW�ZHUH�SRSXODU� LQ� WKH�����V��7KH�WHFKQLTXH� WDNHV�DGYDQWDJH�
RI�FRORU�ILOWHULQJ��D� UHG�LPDJH�FDQ�SDVV�WKURXJK�D�UHG�ILOWHU��ZKLOH�D�EOXH�LPDJH�
LV�ILOWHUHG�RXW��DQG�D�EOXH�LPDJH�FDQ�SDVV�WKURXJK�D�EOXH�ILOWHU��ZKLOH�D�UHG�LPDJH�
LV�ILOWHUHG�RXW��<RX�FDQ�WKHUHIRUH�GLVSOD\�WZR�VHSDUDWH�LPDJHV�RQ�WKH�VDPH�VFUHHQ�
E\� FRPSRVLWLQJ� WKHLU� FRORUV� WRJHWKHU� DQG� XVLQJ� WZR� GLIIHUHQW� FRPSOHPHQWDU\�
FRORUHG� ILOWHUV�RYHU� WKH� H\HV� WR� DOORZ�RQH� LPDJH� WR�SDVV� WKURXJK� WR� HDFK� H\H��
7KH� FRPSRVLWLQJ� RSHUDWLRQ�PD\�ZRUN�ZLWK� DQ\� WZR� FRORUV�� EXW� WZR� FRPSOH�
PHQWDU\�FRORUV�DUH�QHFHVVDU\�WR�DFKLHYH�WKH�VWHUHR�HIIHFW�VLQFH�HDFK�ILOWHU�PXVW�
EH� DEOH� WR� SDVV�RQH� LPDJH� DQG� ILOWHU� RXW� WKH�RWKHU�

)LJXUH��������$�3DQRUDPLF�,PDJH
6WHUHRVFRSLF�3LFWXUHV ��



6WHUHR�*ODVVHV
7R�YLHZ�D� VWHUHR� LPDJH�� \RX�PXVW�ZHDU� D�SDLU� RI� VSHFLDO� VWHUHR�JODVVHV�ZLWK�D�
GLIIHUHQWO\�FRORUHG�ILOWHU�RYHU�HDFK�H\H��7KH�FRQYHQWLRQ�WKDW�+\SHUFRVP�XVHV�LV�
WR�SODFH� D� UHG� ILOWHU�RYHU� WKH� ULJKW� H\H� DQG� D�EOXH� ILOWHU� RYHU� WKH� OHIW� H\H��<RX�
FDQ�PDNH�\RXU�RZQ�FRORUHG�JODVVHV�E\�SODFLQJ�SLHFHV�RI�FRORUHG�DFHWDWH�RYHU�D�
SDLU� RI� FOHDU� OHQVHV��&RORUHG� DFHWDWH� LV�ZLGHO\� DYDLODEOH� DW� DUW� VXSSO\� VWRUHV��
6HYHUDO�OD\HUV�RI�FRORUHG�FHOORSKDQH�ZRUNV�WRR��EXW�LV�QRW�DV�FOHDU�DV�WKH�FRORUHG�
DFHWDWH��

+RZ�WR�8VH�WKH�6WHUHR�)HDWXUH
7R�DFWLYDWH�WKH�VWHUHR�UHQGHULQJ��VHW�WKH�VWHUHR�SDUDPHWHU�WR�D�YDOXH�JUHDWHU�WKDQ�
���7KLV�VWHUHR�SDUDPHWHU� UHIHUV� WR� WKH�DQJOH�EHWZHHQ�\RXU� WZR�H\HV� LQ� UHODWLRQ�
WR� WKH� ORRNDW� SRLQW�

7KH�VWHUHR�DQJOH� LV�PHDVXUHG�LQ�GHJUHHV��9DOXHV�EHWZHHQ�DERXW���DQG����ZRUN�
ZHOO�� 7RR� OLWWOH� VWHUHR� VHSDUDWLRQ�� DQG� WKH�GHSWKV� RI�REMHFWV� DUH�GLIILFXOW� WR�
SHUFHLYH��7RR�PXFK�VWHUHR�VHSDUDWLRQ��DQG�\RX·OO�KDYH�D�KDUG� WLPH� ¶IXVLQJ·� WKH�
WZR� LPDJHV� LQ� \RXU�PLQG� DQG� LW�ZLOO� VRRQ�JLYH� \RX�TXLWH� D�KHDGDFKH�

<RX�PD\�QRWLFH� WKDW�VRPH�SDUWV�RI� WKH� LPDJH�DSSHDU� WR�JR� LQWR� WKH�FRPSXWHU�
VFUHHQ�DQG�VRPH�SDUWV�VHHP�WR�IORDW�RXW�LQ�IURQW�RI�WKH�FRPSXWHU�VFUHHQ��7KLV�
LV� FRQWUROOHG�E\� WKH� ORRNDW� SDUDPHWHU��2EMHFWV� WKDW� DUH� IDUWKHU� DZD\� IURP� WKH�
H\H� WKDQ� WKH� ORRNDW� SRLQW� UHFHGH�EHKLQG� WKH� VFUHHQ� DQG�REMHFWV� WKDW� DUH�FORVHU�
WKDQ� WKH� ORRNDW� SRLQW� IORDW� RXW� LQ� IURQW�RI� WKH� FRPSXWHU� VFUHHQ�

)LJXUH��������6WHUHR�9LHZLQJ�*HRPHWU\

)LJXUH�������7KH�6WHUHR�9DULDEOHV�	�'HIDXOWV

VFDODU�VWHUHR� ���
YHFWRU�ORRNDW� �������!�
�� 9LHZLQJ
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&KDQJLQJ�6WHUHR�&RORUV
6RPH�SDLUV�RI�VWHUHR�JODVVHV�KDYH�WKH�EOXH�ILOWHU�RYHU�WKH�ULJKW�H\H�DQG�WKH�UHG�
ILOWHU� RYHU� WKH� OHIW� H\H�� RU� \RX�PD\�ZDQW� WR� H[SHULPHQW�ZLWK�XVLQJ� \RXU�RZQ�
FRORUHG�ILOWHUV�� VR�+\SHUFRVP�SURYLGHV�D�ZD\�WR�FKDQJH�WKH�FRORUV�XVHG�LQ�WKH�
VWHUHR� UHQGHULQJV�

$OVR��\RX�PD\�QHHG�WR�WZHDN�WKH�FRORUV�VOLJKWO\�WR�PDWFK�WKH�SKRVSKRU�FRORUV�
RI�\RXU�FRPSXWHU�PRQLWRU��3HUKDSV�\RX�MXVW�ZDQW�WR�H[SHULPHQW�ZLWK�GLIIHUHQW�
FRORUHG� ILOWHUV�� 7KHRUHWLFDOO\�� DQ\� WZR� FRPSOHPHQWDU\� FRORUV� VKRXOG�ZRUN��

3URGXFLQJ�6WHUHR�3DLUV
6RPHWLPHV�LW�LV�GHVLUDEOH�WR�SURGXFH�D�SDLU�RI�LPDJHV�WKDW�FDQ�EH�SKRWRJUDSKHG�
RII� WKH� VFUHHQ� DQG�SODFHG� LQ� D� VWHUHR�YLHZHU� WR� \LHOG� VWHUHR� LPDJHV� LQ� WUXH�
FRORU��7R�SURGXFH�D�UHQGHULQJ�IURP�WKH�ULJKW�H\H·V�SRLQW�RI�YLHZ��VHW�ULJKWBFRORU�
WR�ZKLWH� DQG� VHW� OHIWBFRORU� WR�EODFN��7R�SURGXFH� D� UHQGHULQJ� IURP� WKH� OHIW� H\H��
VHW� OHIWBFRORU� WR�ZKLWH� DQG� ULJKWBFRORU� WR�EODFN�

)LJXUH�������7KH�6WHUHR�&RORU�9DULDEOHV�	�'HIDXOWV

YHFWRU�OHIWBFRORU� �F\DQ�
YHFWRU�ULJKWBFRORU� �UHG�
6WHUHRVFRSLF�3LFWXUHV ��



�� 9LHZLQJ



&+$37(5��

5HQGHULQJ

�7KH�WHUP�UHQGHULQJ�UHIHUV�WR�WKH�SURFHVV�RI�SURGXFLQJ�DQ�LPDJH�RQ�D�FRPSXWHU�
VFUHHQ��:KHUHDV�PRGHOLQJ�FRPPDQGV�FRQWURO�ZKDW�DQ�LPDJH�FRQWDLQV��UHQGHULQJ�
FRPPDQGV�FRQWURO�KRZ�WKH�LPDJH�LV�GLVSOD\HG��IRU�H[DPSOH��D�FXEH�PD\�DSSHDU�
DV� D� VKDGHG�EORFN�RU� DV� D� JURXS�RI� FRQQHFWHG� OLQHV���7KLV� FKDSWHU�GHWDLOV�
+\SHUFRVP·V�ZLGH� YDULHW\�RI� VRSKLVWLFDWHG� UHQGHULQJ� FDSDELOLWLHV�

:LQGRZ�'LPHQVLRQV�	�3RVLWLRQ
<RX�FDQ� HDVLO\� FRQWURO� WKH�GLPHQVLRQV�RI� WKH�GUDZLQJ�ZLQGRZ��.HHS� LQ�PLQG�
WKDW� WKH� ODUJHU� WKH� LPDJH�� WKH� ORQJHU� LW� WDNHV� WR�SURGXFH�� EHFDXVH�PRUH�SL[HOV�
PXVW�EH�UHQGHUHG��)RU�OLQH�GUDZLQJV��WKH�UHQGHULQJ�WLPH�LQFUHDVHV�URXJKO\�OLQHDUO\�
ZLWK� WKH�ZLQGRZ�GLPHQVLRQV�� EHFDXVH� LI� \RX�GRXEOH� WKH�ZLQGRZ�GLPHQVLRQV��
WKHQ�GUDZLQJ� D� OLQH� UHTXLUHV�GUDZLQJ� DSSUR[LPDWHO\� WZLFH� DV�PDQ\� SL[HOV�

:KHQ�\RX�XVH�WKH�VKDGHG�UHQGHULQJ�PRGHV��GHVFULEHG�ODWHU���KRZHYHU��WKH�WLPH�
LW�WDNHV�WR�SURGXFH�DQ�LPDJH�LQFUHDVHV�OLQHDUO\�ZLWK�WKH�DUHD�RI�WKH�SLFWXUH��7KLV�
LV�EHFDXVH�WKH�WLPH�LV�URXJKO\�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�SL[HOV�LQ�WKH�LPDJH��
ZKLFK� LV� LQ� WXUQ�SURSRUWLRQDO� WR� WKH� LPDJH·V� DUHD�� ,I� \RX� GRXEOH� DQ� LPDJH·V�
KHLJKW� DQG� GRXEOH� LWV�ZLGWK�� LWV� DUHD� LV� IRXU� WLPHV� ODUJHU�� DQG� WKH� LPDJH� WDNHV�
IRXU� WLPHV� ORQJHU� WR� UHQGHU�

7KHVH�SDUDPHWHUV��DQG�RWKHUV�GLVFXVVHG� LQ�WKLV�FKDSWHU��PD\�EH�VHW� LQ� WKH�ZLWK�
VHFWLRQ�RI� D�SLFWXUH� RU�DQLP�� ,I� WKHVH�SDUDPHWHUV� DUH� QRW� H[SOLFLWO\� VHW� LQ� \RXU�
20$5� ILOHV�� WKHLU� GHIDXOW� YDOXHV� DUH�XVHG�

)LJXUH������:LQGRZ�'LPHQVLRQV�9DULDEOHV�	�'HIDXOWV

LQWHJHU�ZLGWK� �����
LQWHJHU�KHLJKW� �����
��



+\SHUFRVP�6WXGLR�XVHUV�VKRXOG�QRWH�WKDW�WKH�KHLJKW�DQG�ZLGWK�YDOXHV�WKDW�\RX�
VHW� LQ�\RXU�SURMHFW� VHWWLQJV� WDNH�SUHFHGHQFH�RYHU�ZKDWHYHU�YDOXHV� \RX�PD\� VHW�
LQ� \RXU� FRGH�� ,I� \RX·G� UDWKHU� VHW� KHLJKW� DQG�ZLGWK� LQ� \RXU� FRGH�� \RX�PXVW�
SUHYHQW�6WXGLR�IURP�SDVVLQJ�KHLJKW�DQG�ZLGWK�DV�SURJUDP�DUJXPHQWV���6HH� WKH�
+\SHUFRVP� 6WXGLR�8VHU�*XLGH� IRU�PRUH�GHWDLOV� RQ� WKLV� IHDWXUH��

7KH�GUDZLQJ�ZLQGRZ�FDQ�DOVR�EH�PRYHG�DERXW�RQ�WKH�VFUHHQ��<RX�FDQ�FHQWHU�
LW�� RU�PRYH� LW� WR� WKH� XSSHU� OHIW� KDQG� FRUQHU� RI� WKH� VFUHHQ�� LI� \RX�SUHIHU��<RX�
FDQ� HYHQ�PRYH� LW� RII� WKH� VFUHHQ� HQWLUHO\��7KH�GHIDXOW� SRVLWLRQ� �VSHFLILHG� LQ�
QDWLYHBZLQGRZV�RUHV�� LV� WKH� VFUHHQ� FHQWHU�

6FUHHQ�'LPHQVLRQV
6LQFH�FRPSXWHU�PDNHUV�KDYH�DOO�GHFLGHG�WR�PDNH�PDFKLQHV�ZLWK�GLIIHUHQW�VFUHHQ�
UHVROXWLRQV��+\SHUFRVP�PXVW�DVN� WKH�FRPSXWHU� DERXW� LWV�VFUHHQ��7KLV� OHWV� \RX�
FUHDWH�DQ�LPDJH�WKDW�WDNHV�XS�WKH�ZKROH�VFUHHQ��RU�MXVW�D�IUDFWLRQ�RI�WKH�VFUHHQ��
QR�PDWWHU�ZKDW� FRPSXWHU�GLVSOD\V� WKDW� LPDJH�

6RPH�FRPSXWHUV�KDYH�D�YDULHW\�RI�GLIIHUHQW�YLGHR�PRGHV�WR�PDNH�\RXU�OLIH�HYHQ�
PRUH� FRPSOLFDWHG��2Q� WKHVH�PDFKLQHV�� WKH� VFUHHQ�ZLGWK� DQG�KHLJKW� UHSRUWHG�
GHSHQG� XSRQ� WKH�YLGHR�PRGH� LQ�XVH��

$OWKRXJK�WKH�SURJUDP�FDQ�GHWHUPLQH�WKH�VKDSH�DQG�VL]H�RI�WKH�VFUHHQ�LQ�WHUPV�
RI� WKH�QXPEHU�RI�SL[HOV�� LW� KDV�QR�ZD\�RI� NQRZLQJ� WKH� DFWXDO�� SK\VLFDO� VKDSH�
RI� WKH� VFUHHQ��<RX�PD\�KDYH� WR� VXSSO\� WKLV� \RXUVHOI� WR� HQVXUH� LPDJHV�DUH�QRW�
VTXDVKHG�RU� VWUHWFKHG��7KLV� LQIRUPDWLRQ� LV� JLYHQ� DV� WKH� DVSHFW� UDWLR��

7KH� DVSHFW� UDWLR�RI� WKH� VFUHHQ� LV� D�PHDVXUH�RI�KRZ�HORQJDWHG� WKH� VFUHHQ� LV� LQ�
WKH�YHUWLFDO�GLUHFWLRQ��$�VN\VFUDSHU�KDV�D�KLJK�DVSHFW�UDWLR�DQG�D�VSRUWV�FDU�KDV�
D� ORZ� DVSHFW� UDWLR��7KH� DVSHFW� UDWLR�RI� D� VTXDUH� LV� H[DFWO\� ���0RVW� FRPSXWHU�
PRQLWRUV� DUH� EXLOW� VR� WKDW� WKH� UDWLR�RI� �KHLJKW���ZLGWK�� LV� DERXW� ����� RU� ������
%HFDXVH�RI�VOLJKW�GLIIHUHQFHV�DPRQJ�PDQXIDFWXUHUV��KRZHYHU��WKLV�LV�QRW�DOZD\V�
H[DFWO\� WKH� FDVH�� VR� DQ� LPDJH� WKDW� ORRNV� ILQH�RQ�RQH� FRPSXWHU�PRQLWRU�PD\�
ORRN� VOLJKWO\� VTXDVKHG�RU� VWUHWFKHG�RQ� DQRWKHU��7R� FRPSHQVDWH� IRU� WKLV��
+\SHUFRVP� OHWV� \RX� VHW� WKH� DVSHFW� UDWLR� RI� WKH� VFUHHQ� VR� WKDW� WKH�SURJUDP�
DXWRPDWLFDOO\� VTXDVKHV�RU� VWUHWFKHV� WKH� LPDJH� WR� FRPSHQVDWH� IRU� WKH�PRQLWRU��

)LJXUH������:LQGRZ�3RVLWLRQ�9DULDEOHV�	�'HIDXOWV

LQWHJHU�KBFHQWHU� �VFUHHQBZLGWK�GLY���
LQWHJHU�YBFHQWHU� �VFUHHQBKHLJKW�GLY���

)LJXUH������)XQFWLRQV�IRU�)LQGLQJ�WKH�6FUHHQ�'LPHQVLRQV

LQWHJHU�TXHVWLRQ�VFUHHQBZLGWK�
LQWHJHU�TXHVWLRQ�VFUHHQBKHLJKW�
�� 5HQGHULQJ



5
HQGHULQJ
7R�GR�WKLV��VLPSO\�PHDVXUH�WKH�KHLJKW�DQG�ZLGWK�RI�\RXU�FRPSXWHU�VFUHHQ�DQG�
XVH� WKH� �KHLJKW� ��ZLGWK�� DV� WKH� DVSHFW� UDWLR�

%DFNJURXQG�&RORU
&KDQJLQJ� WKH� EDFNJURXQG� FRORU� LV� D� VLPSOH�PDWWHU�RI� VHWWLQJ� WKH� YDULDEOH��
EDFNJURXQG��7KH�EDFNJURXQG�FRORU�FDQ�KDYH�D�SURIRXQG�HIIHFW�RQ�WKH�DSSHDUDQFH�
RI�VKDSHV�LQ�WKH�VFHQH�EHFDXVH�KLJKO\�UHIOHFWLYH�PDWHULDOV�VXFK�DV�PHWDOV�GHSHQG�
VWURQJO\� XSRQ� WKHLU� VXUURXQGLQJV�

5HQGHULQJ�0RGH
$�VLQJOH�LPDJH�PD\�WDNH�DQ\ZKHUH�IURP�D�IUDFWLRQ�RI�D�VHFRQG�WR�PDQ\�KRXUV�
RU�GD\V�IRU�D�FRPSXWHU�WR�JHQHUDWH��7KH�VSHHG�DW�ZKLFK�DQ�LPDJH�LV�JHQHUDWHG�
GHSHQGV�RQ�PDQ\� IDFWRUV� UHODWHG� WR� KRZ� UHDOLVWLF� \RX�ZDQW� WKH� LPDJH� WR� EH�
DQG� WKH� FRPSOH[LW\�RI� WKH� LPDJH��)RU� WKLV� UHDVRQ�� VHYHUDO� GLIIHUHQW� UHQGHULQJ�
PRGHV� DUH� DYDLODEOH� WKDW� YDU\�ZLGHO\� LQ� UHDOLVP�DQG� VSHHG��

,Q� DGGLWLRQ�� \RX�PD\�ZDQW� WR� XVH�GLIIHUHQW� UHQGHULQJ� WHFKQLTXHV� IRU� DHVWKHWLF�
UHDVRQV��7KH�PRVW�GHVLUDEOH�SLFWXUH�IRU�D�SDUWLFXODU�DSSOLFDWLRQ�PD\�QRW�DOZD\V�
EH� WKH�PRVW� UHDOLVWLF� RQH�� ,Q� VRPH� FDVHV�� GLIIHUHQW� UHQGHULQJ�PRGHV�PD\�EH�
PL[HG�E\� UHVHWWLQJ� WKH� UHQGHUBPRGH� YDULDEOH� DW� YDULRXV� ORFDWLRQV� LQ� D�SURJUDP�

7KH�3RLQWSORW�5HQGHULQJ�0RGH
7KLV�UHQGHULQJ�PRGH�VLPSO\�GUDZV�WKH�VFHQH�DV�D�FROOHFWLRQ�RI�SRLQWV��3RO\JRQDO�
REMHFWV� VXFK� DV� FXEHV� RU�SRO\JRQV�KDYH� D�SRLQW� DW� HDFK� YHUWH[�ZKLOH� FXUYHG�
REMHFWV� VXFK� DV� VSKHUHV� KDYH�SRLQWV� HYHQO\� VSDFHG�XSRQ� D�PHVK� DFURVV� WKHLU�

)LJXUH������6FUHHQ�$VSHFW�5DWLR�9DULDEOH

VFDODU�DVSHFWBUDWLR�

)LJXUH������7KH�%DFNJURXQG�&RORU�9DULDEOH�	�'HIDXOW

YHFWRU�EDFNJURXQG� �EODFN�

)LJXUH������7KH�5HQGHU�0RGH�7\SH��9DULDEOH�	�'HIDXOW

HQXP�UHQGHUBPRGH�LV�SRLQWSORW��ZLUHIUDPH�
KLGGHQBOLQH��VKDGHG��VKDGHGBOLQH�

UHQGHUBPRGH�W\SH�UHQGHUBPRGH�LV�VKDGHG�
%DFNJURXQG�&RORU ��



VXUIDFH��7KH�QXPEHU�RI�SRLQWV�LQ�WKH�PHVK�FDQ�EH�LQFUHDVHG�RU�GHFUHDVHG�XVLQJ�
WKH� IDFHWV� YDULDEOH��ZKLFK� LV� GHVFULEHG� LQ� WKH�7HVVHOODWLRQ� VHFWLRQ�

7KH�:LUHIUDPH�5HQGHULQJ�0RGH
7KLV�UHQGHULQJ�PRGH�SURGXFHV�D�FRPPRQ�VW\OH�RI�FRPSXWHU�JUDSKLFV�LPDJHV�LQ�
ZKLFK�REMHFWV� DUH� UHQGHUHG�E\�GUDZLQJ�RQO\� WKHLU� HGJHV��)RU� FXUYHG�REMHFWV��
+\SHUFRVP�GUDZV� D� FXUYHG� JULG�RI� VWUDLJKW� OLQHV� DFURVV� WKH� VXUIDFH� OLNH� WKH�
ORQJLWXGH�DQG�ODWLWXGH�OLQHV�WKDW�DUH�IRXQG�RQ�D�JOREH��6LQFH�\RX�DUH�RQO\�GUDZLQJ�
WKH� HGJHV� RI�REMHFWV�� \RX� FDQ� VHH� WKURXJK� WKHP��7KLV� UHQGHULQJ�PRGH�PDNHV�
REMHFWV�WHQG�WR�ORRN�OLNH�WKH\�DUH�FRQVWUXFWHG�IURP�D�VNHOHWDO�IUDPHZRUN�RI�WKLQ�
ZLUHV��KHQFH� WKH�QDPH��ZLUHIUDPH��7KH� HGJHV� WKDW� DUH�GUDZQ� DUH�GHWHUPLQHG�E\�
WKH� HGJH�PRGH� �GHVFULEHG� LQ� WKH�QH[W� VHFWLRQ�� DQG�PD\� LQFOXGH� DOO� HGJHV�� WKH�
RXWOLQH� HGJHV�� RU� MXVW� WKH� VLOKRXHWWH� HGJHV�

)LJXUH�������7KH�3RLQWSORW�5HQGHULQJ�0RGH

)LJXUH�������7KH�:LUHIUDPH�5HQGHULQJ�0RGH
�� 5HQGHULQJ



5
HQGHULQJ
7KH�+LGGHQ�/LQH�5HQGHULQJ�0RGH
7KH�KLGGHQ�OLQH�UHQGHULQJ�PRGH�LQFUHDVHV�WKH�UHDOLVP�RI�WKH�ZLUHIUDPH�UHQGHULQJ�
PRGH�E\� XVLQJ�KLGGHQ� VXUIDFH� UHPRYDO��7KLV�PHDQV� WKDW� FORVHU�REMHFWV�EORFN�
REMHFWV� WKDW� DUH� IDUWKHU� DZD\��$V� LQ� WKH�ZLUHIUDPH� UHQGHULQJ�PRGH�� WKH� HGJHV�
WKDW� DUH�GUDZQ� DUH�GHWHUPLQHG�E\� WKH� HGJH�PRGH�

7KH�6KDGHG�5HQGHULQJ�0RGH
7KLV�UHQGHULQJ�PRGH�GUDZV�WKH�VXUIDFHV�RI�REMHFWV�DV�\RX�VHH�WKHP�LQ�WKH�UHDO�
ZRUOG��&ORVHU�REMHFWV�EORFN�IDUWKHU�REMHFWV� IURP�YLHZ�DQG�VXUIDFHV�DUH� VKDGHG�
ZLWK�UHVSHFW�WR�WKH�OLJKWLQJ�LQ�WKH�VFHQH��,Q�DGGLWLRQ��VKDGRZV��UHIOHFWLRQV��WUDQV�
SDUHQF\��IRJ��DQG�RWKHU�HIIHFWV�PD\�EH�DGGHG�WR�SURYLGH�DGGLWLRQDO�UHDOLVP��7KH�
VKDGHG�PRGH� LV�+\SHUFRVP·V�GHIDXOW� UHQGHULQJ�PRGH�

)LJXUH�������7KH�+LGGHQ�/LQH�5HQGHULQJ�0RGH

)LJXUH��������7KH�6KDGHG�5HQGHULQJ�0RGH
5HQGHULQJ�0RGH ��



7KH�6KDGHG�/LQH�5HQGHULQJ�0RGH
7KLV� UHQGHULQJ�PRGH� LV� D�K\EULG�EHWZHHQ�ZLUHIUDPH� DQG� VKDGHG�PRGHV��7KH�
HGJHV�RI� DOO� WKH�REMHFWV� DUH�GUDZQ�� DV� LQ�ZLUHIUDPH�PRGH�� EXW� WKH� VXUIDFHV�RI�
WKH� REMHFWV� DUH� DOVR� GUDZQ��2EMHFWV�PD\�EH� VKDGHG� XVLQJ� DOO� RI� WKH� QRUPDO�
RSWLRQV� RI� WKH� VKDGHG�PRGH�� DV�GHVFULEHG� ODWHU� LQ� WKH�6KDGLQJ� VHFWLRQ�

(GJHV
,Q� WKH�ZLUHIUDPH� DQG� KLGGHQBOLQH� UHQGHULQJ�PRGHV��ZKHUH� RQO\� WKH� HGJHV�RI�
VKDSHV�DUH�GUDZQ��\RX�FDQ�FKRRVH�ZKLFK�HGJHV�DUH�UHQGHUHG��0RVW��'�JUDSKLFV�
V\VWHPV� UHQGHU� HYHU\� HGJH�RI� DQ� REMHFW��ZKLFK�KDV� WKH� WHQGHQF\� WR� FUHDWH�
FOXWWHUHG� DQG� FRQIXVLQJ� UHQGHULQJV��+\SHUFRVP�FDQ� ¶FOHDQ� XS·� WKH� UHQGHULQJV�
FRQVLGHUDEO\�E\�GUDZLQJ� RQO\� VHOHFWHG� HGJHV�

)LJXUH��������7KH�6KDGHG�/LQH�5HQGHULQJ�0RGH

)LJXUH�������7KH�(GJH�0RGH�7\SH��9DULDEOH��	�'HIDXOW

HQXP�HGJHV�LV�VLOKRXHWWH��RXWOLQH��DOO�
HGJHV�W\SH�HGJHV�LV�RXWOLQH�
�� 5HQGHULQJ



5
HQGHULQJ
$OO�(GJHV
,I�DOO�HGJHV�DUH�GUDZQ��REMHFWV�KDYH�DQ�DGHTXDWH�DPRXQW�RI�GHWDLO��KRZHYHU��IRU�
VRPH�FRPSOH[�REMHFWV��\RX�PD\�ILQG�WKDW�WKH�LPDJHV�DSSHDU�FOXWWHUHG�DQG�DOVR�
WKDW� VRPH�GHWDLOV�PD\�EH�REVFXUHG�E\� WKH� OLQHV�RI�RWKHU�REMHFWV�

6LOKRXHWWH�(GJHV
7KH�VLOKRXHWWH�PRGH�LV�PXFK�OHVV�FOXWWHUHG�EHFDXVH�LW�GUDZV�RQO\�WKH�VLOKRXHWWH�
HGJHV�RI�FXUYHG�REMHFWV��+RZHYHU��WKH�LPDJHV�DUH�RIWHQ�WRR�VSDUVH�WR�FRQYH\�
WKH� WKUHH�GLPHQVLRQDO� JHRPHWU\�RI� WKH� VFHQH� DFFXUDWHO\�

)LJXUH��������$OO�(GJHV

)LJXUH��������6LOKRXHWWH�(GJHV
(GJHV ��



2XWOLQH�(GJHV
2XWOLQH�PRGH�GUDZV�WKH�VLOKRXHWWH�HGJHV�MXVW�OLNH�VLOKRXHWWH�PRGH��EXW�DOVR�DGGV�
OLQHV�RQ�WKH�VXUIDFH�RI� WKH�FXUYHG�REMHFWV� DW� UHJXODU� LQWHUYDOV� WR�EHWWHU�FRQYH\�
WKH� WUXH� VKDSH� RI� WKH�REMHFW��

7HVVHOODWLRQ
+\SHUFRVP·V� UHQGHUHU� LV� FDSDEOH�RI�GUDZLQJ� D�QXPEHU�RI�EDVLF�� RU� SULPLWLYH��
VXUIDFH� W\SHV�� 6RPH�RI� WKHVH�SULPLWLYHV� DUH� VLPSOH� IODW� SULPLWLYHV�� VXFK� DV�
SRO\JRQV� DQG� WULDQJOHV��2WKHUV� DUH�PRUH� FRPSOH[� FXUYHG� VXUIDFHV� VXFK� DV�
VSKHUHV� DQG� WRULL��%HFDXVH� WKH�PDWKHPDWLFV� LQYROYHG�ZLWK� FXUYHG� VXUIDFHV� LV�
PRUH�FRPSOH[� WKDQ� WKH�PDWKHPDWLFV� IRU� IODW�VXUIDFHV�� WKH�FXUYHG� VXUIDFHV�FDQ�
EH�PRUH�TXLFNO\�UHQGHUHG�E\�EUHDNLQJ�WKHP�GRZQ�LQWR�D�PXOWLWXGH�RI�IODW�IDFHWV��
7KLV�SURFHVV� LV� DOVR� FDOOHG� WHVVHOODWLRQ��

+\SHUFRVP�XVHV� D� IHZ� WULFNV� WR�KLGH� WKH� WHVVHOODWLRQ� WR� DYRLG� \RXU�KDYLQJ� WR�
EH� FRQFHUQHG�ZLWK� WKH�PHFKDQLFV� RI� WKH� UHQGHULQJ�SURFHVV��)RU� LQVWDQFH�� WKH�
RXWOLQH�UHQGHULQJ�PRGH�GUDZV�RQO\�WKH�VLOKRXHWWH�HGJHV�DQG�WKH�LPSRUWDQW�HGJHV�
VR�ZH�GRQ·W�KDYH�WR�VHH�WKH�IDFHWV�WKDW�DUH�XVHG�LQWHUQDOO\�E\�WKH�UHQGHUHU��$OVR��
WKH� QXPEHU�RI� IDFHWV�KDV� D�GHIDXOW� YDOXH� VR� \RX� GRQ·W� QHFHVVDULO\� KDYH� WR�EH�
DZDUH� RI� LW��

+RZHYHU�� LI�\RX�QHHG�IDVWHU�UHQGHULQJ�DQG�FDQ�VDFULILFH�VRPH�TXDOLW\�RU� LI�\RX�
ZLVK�WR�SURGXFH�YHU\�KLJK�TXDOLW\�UHQGHULQJV�DQG�GRQ·W�FDUH�DV�PXFK�DERXW�WKH�
WLPH� WKDW� LW� WDNHV�� WKHQ� \RX�PXVW�EH� DEOH� WR� FRQWURO� WKH� QXPEHU�RI� IDFHWV�
SURGXFHG�E\� WKH�WHVVHOODWLRQ�SURFHVV��,I�\RX�ILQG�WKDW�GUDZLQJ� LV�WRR�VORZ��\RX�
FDQ�GHFUHDVH� WKH� QXPEHU�RI� IDFHWV�� DQG� DOWKRXJK� WKH� FXUYHG� VXUIDFHV�ZLOO� QRW�
EH�DV�VPRRWK��WKH�GUDZLQJ�ZLOO�EH�PXFK�IDVWHU��,I�\RX�DUH�LQWHUHVWHG�LQ�GUDZLQJ�
D�KLJKHU�TXDOLW\� VKDGHG� LPDJH��\RX�FDQ� LQFUHDVH� WKH�QXPEHU�RI� IDFHWV� WR�PDNH�
WKHP� VPDOOHU��&KDQJLQJ� WKH�QXPEHU�RI� IDFHWV� KDV�QR� HIIHFW� RQ� IODW� VXUIDFHV��

)LJXUH��������2XWOLQH�(GJHV
�� 5HQGHULQJ



5
HQGHULQJ
)LJXUH�������7KH�7HVVHOODWLRQ�9DULDEOH�	�'HIDXOW

LQWHJHU�IDFHWV� ���

)LJXUH��������)DFHWV� ��

)LJXUH��������)DFHWV� ��

)LJXUH��������)DFHWV� ���
7HVVHOODWLRQ ��



7KH� IDFHWV� DUH�PRUH�QRWLFHDEOH� LQ� VRPH� UHQGHULQJ�PRGHV� WKDQ� LQ�RWKHUV��)RU�
H[DPSOH��LQ�WKH�ZLUHIUDPH�PRGH��WKH�IDFHWV�DUH�PRUH�QRWLFHDEOH�ZKHQ�\RX�GUDZ�
DOO� RI� WKH� HGJHV� WKDQ� LI� \RX�GUDZ� MXVW� WKH� VLOKRXHWWH�RU�RXWOLQH� HGJHV�� ,Q� WKH�
VKDGHG�PRGHV��WKH�IDFHWV�DUH�PRUH�QRWLFHDEOH�ZKHQ�\RX�XVH�IDFH��IODW��VKDGLQJ�
WKDQ�ZKHQ� \RX�XVH� YHUWH[� �*RXUDXG��RU�SL[HO� �3KRQJ�� VKDGLQJ�� �7KH� VKDGLQJ�
PRGHV� DUH�GHVFULEHG� ODWHU� LQ� WKLV� FKDSWHU��

5D\�7UDFLQJ
5D\�WUDFLQJ�LV�D�PHWKRG�RI�UHQGHULQJ�ZLWKRXW�WHVVHOODWLRQ��,I�\RX�ZDQW�YHU\�KLJK�
TXDOLW\� LPDJHV�� \RX� FDQ� FKRRVH� WR� UHQGHU� WKH�REMHFWV� IURP� WKHLU� H[DFW�PDWKH�
PDWLFDO� VXUIDFH�GHVFULSWLRQV�� LQVWHDG�RI� WHVVHOODWLQJ� WKHP��7R�GR� VR�ZLWK� WKH�
+\SHUFRVP�V\VWHP��\RX�XVH�DQ�DOJRULWKP�WKDW� LV�NQRZQ�DV�UD\� WUDFLQJ�EHFDXVH�
LW� VLPXODWHV� WKH�EHKDYLRU�RI� OLJKW� UD\V��

7R� UD\� WUDFH� DQ� LPDJH�� VHW� WKH� IDFHWV� YDULDEOH� WR� ���7KH� RQO\� GLVDGYDQWDJH� WR�
UHQGHULQJ�WKLV�ZD\�LV�WKDW� LW�WDNHV�ORQJHU�WR�FUHDWH�DQ�LPDJH��XVH�WKLV�WHFKQLTXH�
VSDULQJO\�LQ�DQLPDWLRQV��$�FRPPRQ�SUDFWLFH�LV�WR�GR�PRVW�WHVW�UHQGHULQJV�ZLWK�
WKH� WHVVHOODWHG� VKDGLQJ� DQG� WR� XVH� WKH� KLJK�TXDOLW\� UHQGHULQJ� IRU� WKH� ILQLVKHG�
LPDJH�ZKHQ�\RX�KDYH�DOO�RI�\RXU�REMHFWV�DQG�OLJKWLQJ�VHW�XS�WKH�ZD\�\RX�ZDQW�LW�

6FDQQLQJ
:KHQ�+\SHUFRVP�XVHV�WKH�UD\�WUDFLQJ�PRGH��\RX�ZLOO�QRWLFH�WKDW�WKH�SLFWXUH�LV�
QRW�GUDZQ� LQ� WKH� VDPH�ZD\� DV� LW� LV�ZKHQ� \RX� XVH� UHJXODU� VKDGLQJ��:KHQ�
+\SHUFRVP�XVHV�WKH�UHJXODU�VKDGLQJ�DOJRULWKP��HDFK�REMHFW�LV�FUHDWHG�E\�GUDZLQJ�
HDFK�IDFHW�RI�WKH�REMHFW�VHTXHQWLDOO\��,Q�UD\�WUDFLQJ��KRZHYHU��WKHUH�DUH�QR�IDFHWV��
VR�+\SHUFRVP�GUDZV�WKH�LPDJH�E\�VFDQQLQJ�LPDJLQDU\�OLJKW�UD\V�DFURVV�WKH�REMHFW�
WR� VHH�ZKHUH� WKH\�KLW� WKH� VXUIDFH�� DQG�ZKDW� FRORU� WKH� VXUIDFH� LV� DW� WKDW� SRLQW��
+\SHUFRVP�FDQ�VFDQ�WKH�UD\V�DFURVV�WKH�HQWLUH�SLFWXUH�MXVW�DV�HDVLO\�DV�VFDQQLQJ�
WKH�UD\V�DFURVV�HDFK�REMHFW�RQH�DW�D�WLPH��7KLV�LV�ZK\�\RX�VHH�WKH�HQWLUH�SLFWXUH�
EHLQJ�GUDZQ� DOO� DW� RQFH� LQVWHDG�RI� HDFK�REMHFW� GUDZQ�RQH� DW� D� WLPH��

:KHQ� LW�XVHV�UD\�WUDFLQJ��+\SHUFRVP�ILUHV�D�UD\�RXW� LQWR� WKH�VFHQH�IURP�HYHU\�
SL[HO� RQ� WKH� VFUHHQ�� 6LQFH� LW� GRHVQ·W�PDWWHU�ZKDW�RUGHU� WKH� UD\V� DUH� ILUHG� LQ��
+\SHUFRVP�SURYLGHV�WKUHH�GLIIHUHQW�VFDQQLQJ�PRGHV��OLQHDU��RUGHUHG��DQG�UDQGRP��
$OO� WKUHH�PRGHV�SURGXFH� WKH� VDPH� LPDJH�ZKHQ� ILQLVKHG�� EXW� HDFK�GUDZV� WKH�
LPDJH� LQ� D�GLIIHUHQW�RUGHU�

)LJXUH�������7KH�6FDQQLQJ�7\SH��9DULDEOH��	�'HIDXOW

HQXP�VFDQQLQJ�LV�OLQHDU��RUGHUHG��UDQGRP�
VFDQQLQJ�W\SH�VFDQQLQJ�LV�RUGHUHG�
�� 5HQGHULQJ



5
HQGHULQJ
/LQHDU�6FDQQLQJ
,Q�OLQHDU�VFDQQLQJ��+\SHUFRVP�VWDUWV�DW�WKH�WRS�RI�WKH�VFUHHQ�DQG�ZRUNV�LWV�ZD\�
VORZO\�GRZQ�WR�WKH�ERWWRP��FRPSOHWHO\�GUDZLQJ�HYHU\WKLQJ�LQ�WKH�UHJLRQ�RI�WKH�
VFUHHQ� WKDW� LW·V�ZRUNLQJ�RQ�� EHIRUH�PRYLQJ�RQ� WR� WKH�QH[W��

7KH�SUREOHP�ZLWK�GUDZLQJ�WKH�LPDJH�WKLV�ZD\�LV�WKDW�\RX�GRQ·W�JHW�D�JRRG�LGHD�
RI�ZKDW� WKH� LPDJH�ZLOO� ORRN� OLNH�XQWLO� LW·V� DOPRVW� FRPSOHWHO\� ILQLVKHG��$OVR�� LI�
\RX�KDYH�D�PLVWDNH�LQ�WKH�SLFWXUH�� OLNH�WKH�ZURQJ�FRORU�RU�WZR�LQWHUSHQHWUDWLQJ�
REMHFWV�� IRU�H[DPSOH�� \RX�ZRQ·W� VHH� WKH�PLVWDNH�XQWLO� WKH� UHQGHUHU�JHWV� WR� WKDW�
SDUW� RI� WKH� LPDJH��ZKLFK�� LI� \RX� DUH� YHU\� XQOXFN\��PD\�QRW�EH�XQWLO� WKH� HQG�

:DWFKLQJ� WKH� LPDJH�EHLQJ�FUHDWHG� LQ� WKLV�ZD\�FDQ�EH�D� OLWWOH� OLNH�ZDWFKLQJ� WKH�
JUDVV�JURZ��,I�\RX�GRQ·W�ZDQW�WR�ZDWFK�WKH�LPDJH�EHLQJ�FUHDWHG��KRZHYHU��WKHQ�
WKLV�PRGH�LV�SUHIHUDEOH�EHFDXVH�LW�LV�VOLJKWO\�IDVWHU�WKDQ�WKH�RWKHU�WZR�VFDQQLQJ�
PRGHV�

2UGHUHG�6FDQQLQJ
7KLV� UHQGHULQJ�PRGH� LV�PXFK�PRUH� IXQ� WR�ZDWFK�EHFDXVH� LW� VFDQV� WKH� OLJKW�
UD\V�DFURVV�WKH�LPDJH�LQ�D�JULG�ZKLFK�EHFRPHV�SURJUHVVLYHO\�ILQHU�DV�WKH�SLFWXUH�
JHWV� FORVHU� WR�EHLQJ� ILQLVKHG��7KLV� HQDEOHV�\RX� WR� JHW� D�JHQHUDO� LGHD�RI�ZKDW�
WKH� LPDJH�ZLOO� ORRN� OLNH� YHU\� VRRQ��ZLWK� WKH� ILQHU�GHWDLOV� EHLQJ� ILOOHG� LQ� ODWHU�

5DQGRP�6FDQQLQJ
7KLV�PRGH�LV�PXFK�OLNH�WKH�RUGHUHG�PRGH��H[FHSW�WKDW� LQVWHDG�RI�VFDQQLQJ�WKH�
LPDJH� LQ� D�SURJUHVVLYHO\� ILQHU� JULG�� LW� VFDQV� WKH� LPDJH� LQ� D� JHQHUDOO\� UDQGRP�
SDWWHUQ��VR�LW�ORRNV�OLNH�WKH�UD\V�DUH�EHLQJ�VFDWWHUHG�UDQGRPO\�DFURVV�WKH�LPDJH��
7KLV�KDV�WKH�HIIHFW�RI�PDNLQJ�WKH�LPDJH�VHHP�WR�¶GLVVROYH·�LQWR�YLHZ��7KLV�PRGH�
LV� VOLJKWO\� VORZHU� WKDQ� RUGHUHG�� EXW� LW� LV� IXQ� WR�ZDWFK�

$�1RWH�$ERXW�5D\�7UDFLQJ��9R[HOV
:KHQ�XVLQJ�UD\�WUDFLQJ��LI�WKH�GRXEOH�EXIIHU�LV�QRW�HQDEOHG��VR�\RX�FDQ�VHH�WKH�
GUDZLQJ� WDNLQJ�SODFH�� \RX�ZLOO� QRWLFH� WKDW� WKH�SURJUDP� ILUVW� GUDZV� DQ�RXWOLQH�
YLHZ�RI� WKH�REMHFW�DQG�WKHQ�SURFHHGV�WR�GUDZ� ORWV�RI�ER[HV�DURXQG�WKH�REMHFW�
ZLWK� WKH�ER[HV�JHWWLQJ�SURJUHVVLYHO\� VPDOOHU��7KHVH�ER[HV�DUH�FDOOHG�YR[HOV� DQG�
DUH�XVHG� LQWHUQDOO\�E\� WKH�SURJUDP� WR� VSHHG�XS� WKH� UD\� WUDFLQJ�SURFHVV�

6KDGLQJ
,Q� UHDO� OLIH��ZKHQ� \RX� ORRN� DW� WKH� VXUIDFH�RI� DQ�REMHFW�� WKH� FRORU� WKDW� \RX� VHH�
QRUPDOO\� FKDQJHV� FRQWLQXRXVO\� DFURVV� WKH� VXUIDFH��7KHUH�PD\�EH� VKDUS�GLVFRQ�
WLQXLWLHV�DQG�WKHUH�PD\�EH�YHU\�JUDGXDO�FKDQJHV��EXW�QRUPDOO\�� WKH�FRORU�RI�WKH�
REMHFW� QHYHU� VWD\V� H[DFWO\� WKH� VDPH� DV� \RXU� H\HV�PRYH� DFURVV� LWV� VXUIDFH��
6KDGLQJ ��



7KH�FRPSXWHU�KDV�WR�SHUIRUP�D�QXPEHU�RI�PDWKHPDWLFDO�FRPSXWDWLRQV�WR�ILQG�
ZKDW�WKH�FRORU�LV�DW�DQ\�JLYHQ�SRLQW�RQ�WKH�REMHFW��%HFDXVH�WKHUH�DUH�DQ�LQILQLWH�
QXPEHU�RI�SRLQWV�RQ� DQ\� VXUIDFH�� \RX� FDQ·W� HYHU� NQRZ�H[DFWO\�ZKDW� WKH� FRORU�
RI� WKH�REMHFW� LV� DW� HYHU\� SRLQW� RQ� LWV� VXUIDFH�

,QVWHDG��+\SHUFRVP�KDV�WR�DVN�ZKDW�WKH�FRORU�LV�DW�YDULRXV�SODFHV��DQG�KRZ�WKLV�
LV�GRQH�LV�FRQWUROOHG�E\�WKH�YDULDEOH�FDOOHG�VKDGLQJ��7KH�VKDGLQJ�PRGH�GHWHUPLQHV�
KRZ�RIWHQ�+\SHUFRVP�SHUIRUPV�WKH�VKDGLQJ�FDOFXODWLRQV��:KHQ�LW�HYDOXDWHV�WKH�
OLJKWLQJ�PRGHO�PRUH�RIWHQ��\RX�JHW�PRUH�DFFXUDWH�VKDGLQJ�DW�WKH�FRVW�RI�D�VORZHU�
UHQGHULQJ� WLPH��7KH� WKUHH� GLIIHUHQW� VKDGLQJ�PRGHV� DUH� IDFH�� YHUWH[�� DQG�SL[HO�

)DFH�6KDGLQJ
:KHQ�\RX� XVH� IDFH� VKDGLQJ��+\SHUFRVP�FRPSXWHV� WKH� FRORU� DW� HDFK� IDFHW�E\�
VDPSOLQJ� LW� DW� RQH�YHUWH[� DQG� WKHQ�XVLQJ� WKDW� FRORU� IRU� WKH� HQWLUH� IDFHW�� ,Q�
FRPSXWHU�JUDSKLFV�WKLV�LV�DOVR�NQRZQ�DV� IODW�VKDGLQJ�EHFDXVH�LW�PDNHV�HDFK�IDFHW�
ORRNV� IODW�

9HUWH[�6KDGLQJ
:KHQ�XVLQJ� IDFH� VKDGLQJ�� \RX�PD\� ILQG� WKDW� HYHQ�ZKHQ� \RX�PDNH� WKH� IDFHWV�
YHU\� WLQ\�� WKH\� DUH� VWLOO� YLVLEOH��7KLV� LV� EHFDXVH� WKH� H\H� LV� YHU\� VHQVLWLYH� WR� WKH�
VKDUS�FKDQJHV� LQ�FRORU�WKDW�RFFXU�DFURVV� WKH�SRO\JRQ�ERXQGDULHV��7R�HOLPLQDWH�
WKH�VKDUS�GLVFRQWLQXLWLHV� LQ� WKH�VKDGLQJ�� \RX�FDQ�XVH�YHUWH[� VKDGLQJ�� D� WHFKQLTXH�
WKDW�FRPSXWHV�WKH�OLJKWLQJ�DW�HDFK�YHUWH[�DQG�EOHQGV��RU� LQWHUSRODWHV��WKH�FRORU�
DFURVV� WKH� IDFHW��7KLV� JLYHV� WKH� IDFHW� WKH� DSSHDUDQFH�RI�EHLQJ� FXUYHG�� ,Q�

)LJXUH�������7KH�6KDGLQJ�7\SH��9DULDEOH��	�'HIDXOW

HQXP�VKDGLQJ�LV�IDFH��YHUWH[��SL[HO�
VKDGLQJ�W\SH�VKDGLQJ�LV�YHUWH[�

)LJXUH��������)DFH�6KDGLQJ
�� 5HQGHULQJ



5
HQGHULQJ
FRPSXWHU� JUDSKLFV� WKLV� WHFKQLTXH� LV� DOVR� NQRZQ� DV�*RXUDXG� VKDGLQJ�� DIWHU� WKH�
)UHQFK�PDWKHPDWLFLDQ��+HQUL�*RXUDXG�

3L[HO�6KDGLQJ
:KLOH�YHUWH[�VKDGLQJ�WHQGV�WR�ZRUN�H[WUHPHO\�ZHOO�ZKHQ�WKH�FRORU�RI�DQ�REMHFW�
FKDQJHV� VPRRWKO\� DFURVV� LWV� VXUIDFH�� LW� LV� OHVV� HIIHFWLYH�RQ� REMHFWV� WKDW� DUH�
WH[WXUHG�RU�YHU\�UHIOHFWLYH��)RU� WKHVH�NLQGV�RI�VXUIDFHV�� VDPSOLQJ�WKH�FRORU�DW�
HYHU\�YHUWH[� LVQ·W� JRRG�HQRXJK�EHFDXVH� WKH�FRORU�RI� WKH� VXUIDFH�PD\�FKDQJH�
UDGLFDOO\� LQ�EHWZHHQ�WKH�YHUWLFHV��,Q� WKHVH�FDVHV� LW·V�EHVW� WR�VDPSOH�WKH�VKDGLQJ�
DW�HYHU\�SL[HO��7KH�SL[HO� VKDGLQJ� WHFKQLTXH��DOVR�NQRZQ�LQ�FRPSXWHU�JUDSKLFV�DV�
3KRQJ�VKDGLQJ��UHFRPSXWHV�WKH�FRORU�IRU�HDFK�WLQ\�GRW�RQ�WKH�VXUIDFH�RI�WKH�REMHFW�

6LQFH�DQ�REMHFW�W\SLFDOO\�KDV�RQO\�D�IHZ�KXQGUHG�YHUWLFHV��DQG�D�FRPSXWHU�VFUHHQ�
W\SLFDOO\�KDV�DURXQG�D�PLOOLRQ�SL[HOV�� WKH� WHFKQLTXH�FDQ�EH�FRQVLGHUDEO\�VORZHU�
WKDQ�YHUWH[� VKDGLQJ�� DQG� LV� D� SRRU� FKRLFH� IRU� LQWHUDFWLYH� DSSOHWV�

)LJXUH��������9HUWH[�6KDGLQJ

)LJXUH��������3L[HO�6KDGLQJ
6KDGLQJ ��



1RWH� WKDW� DOWKRXJK� WKH�SL[HO� VKDGLQJ� WHFKQLTXH�RIWHQ� ORRNV�DOPRVW� DV�JRRG�DV�
UHQGHULQJ� WKH� H[DFW� VXUIDFH�GHVFULSWLRQ�� LW� VWLOO� XVHV� WKH�XQGHUO\LQJ� WHVVHOODWLRQ�
RI� WKH�REMHFWV��ZKLFK� LV� YLVLEOH� LQ� WKH� VHJPHQWHG� VLOKRXHWWH�RI� FXUYHG�REMHFWV��
,I�+\SHUFRVP�ZHUH� UHQGHULQJ� IURP� WKH� H[DFW� VXUIDFH�GHVFULSWLRQ� �UD\� WUDFLQJ���
WKHVH� VLOKRXHWWHV�ZRXOG� EH�SHUIHFWO\� VPRRWK�

)HDWXUH�$EVWUDFWLRQ
2IWHQ��ZKHQ� \RX� DUH� UHQGHULQJ� VFHQHV�ZLWK� D� ORW� RI�G\QDPLF� UDQJH�� \RX� ILQG�
WKDW�D�ODUJH�DPRXQW�RI�WLPH�LV�VSHQW�GUDZLQJ�WLQ\�OLWWOH�GHWDLOV�WKDW�\RX�FDQ�EDUHO\�
VHH�� EHFDXVH� WKH\� RFFXS\�RQO\� D� IHZ�SL[HOV� RQ� WKH� VFUHHQ�� ,I� WKH�REMHFW� RQO\�
RFFXSLHV� D� IHZ�SL[HOV� RQ� WKH� VFUHHQ�� WKHQ� LW� LV� D�ZDVWH�RI� WLPH� WR� JR� WKURXJK�
DOO� WKH�PDWKHPDWLFDO� RSHUDWLRQV�QHFHVVDU\� WR�GUDZ� WKH� FRPSOHWH� REMHFW��:KHQ�
WKH�REMHFW� LV�YHU\�VPDOO�� LW�PD\�VXIILFH�WR�VXEVWLWXWH�D�YHU\�VLPSOH�REMHFW��OLNH�D�
ER[�� IRU� WKH�PRUH� FRPSOLFDWHG�REMHFW�� 7KLV� LV� FDOOHG� IHDWXUH� DEVWUDFWLRQ�

7KH�YDULDEOH�PLQBIHDWXUHBVL]H��VSHFLILHG�DV�D�IUDFWLRQ�RI�WKH�ILHOG�RI�YLHZ��LV�WKH�
VL]H�RQ�WKH�VFUHHQ�EHORZ�ZKLFK�WKH�REMHFW�ZLOO�DSSHDU�DV�LWV�ERXQGLQJ�ER[��)RU�
H[DPSOH�� LI�\RX�ZDQW�REMHFWV�ZKLFK�RFFXS\�OHVV�WKDQ������RI�WKH�ILHOG�RI�YLHZ�
WR�EH�GUDZQ� DV� VLPSOH�ER[HV�� WKHQ� VHW�PLQBIHDWXUHBVL]H� � ����� ,I� \RX� VHW�
PLQBIHDWXUHBVL]H� WR� D� YDOXH� WKDW� LV� IDLUO\� ODUJH�� OLNH� ���� WKHQ� \RX� FDQ� HDVLO\� VHH�
WKH� REMHFWV� WXUQ� LQWR�ER[HV�ZKHQ� WKH\� GURS�EHORZ� WKH�PLQLPXP�VL]H��ZKLFK�
FDQ�EH�GLVWUDFWLQJ��7KH� IHDWXUH� DEVWUDFWLRQ� FDSDELOLW\� LV� GLVDEOHG� HQWLUHO\�ZKHQ�
PLQBIHDWXUHBVL]H� LV� VHW� WR���

&RDUVH�5D\�7UDFLQJ
<RX�FDQ�XVH�IHDWXUH�DEVWUDFWLRQ� LQ� UD\� WUDFLQJ�PRGH�WR�FDXVH� WKH�UD\� WUDFHU� WR�
UD\�WUDFH�WKH�LPDJH�FRDUVHO\��GUDZLQJ�WKH�LPDJH�DV�DQ�DUUD\�RI�UHFWDQJXODU�EORFNV�
RI�D�FHUWDLQ� VL]H�� LQVWHDG�RI� WUDFLQJ�D�UD\�IRU�HYHU\�SL[HO�RQ� WKH�VFUHHQ��7KLV� LV�
XVHIXO� IRU�SURGXFLQJ� UD\� WUDFHG� DQLPDWLRQV� WKDW� DUH� FDSDEOH� RI� UXQQLQJ� LQ� UHDO�
WLPH��1R�FRPSXWHU� LV�IDVW�HQRXJK�WR�SURGXFH�LPDJHV�DW�DQLPDWLRQ�UDWHV�ZKHUH�
D� UD\� LV� FDVW� DW� HYHU\�SL[HO�

,I�\RX�VHW�PLQBIHDWXUHBVL]H�WR�������WKHQ�WKH�UHFWDQJOHV�WKDW�FRPSRVH�WKH�LPDJH�
DUH� URXJKO\� �����RI� WKH� VL]H�RI� WKH� LPDJH� DV�PHDVXUHG�DFURVV� WKH�GLDJRQDO� RI�
WKH� LPDJH�

)LJXUH�������7KH�)HDWXUH�$EVWUDFWLRQ�9DULDEOH�	�'HIDXOW

VFDODU�PLQBIHDWXUHBVL]H� ���
�� 5HQGHULQJ



5
HQGHULQJ
$QWLDOLDVLQJ
%HFDXVH�WKH�FRPSXWHU�VFUHHQ�LV�FRPSRVHG�RI�D�JULG�RI�GLVFUHWH�GRWV��RU�SL[HOV��
WKH� UHQGHULQJ� SURFHVV� FDXVHV� FHUWDLQ� DUWLIDFWV�ZKLFK� DUH� FROOHFWLYHO\� NQRZQ� DV�
DOLDVLQJ��<RX� FDQ� VHH� DQ� H[DPSOH� RI� DOLDVLQJ�ZKHQ� \RX�GUDZ� D� VWUDLJKW� OLQH�RU�
DQ�REMHFW�ZLWK�PDQ\� VWUDLJKW� HGJHV��8QOHVV� WKHVH� OLQHV� DUH� FRPSOHWHO\� YHUWLFDO�
RU�KRUL]RQWDO�� WKH�FRPSXWHU� VKRZV�D� VHULHV�RI� VWDLU� VWHSV��NQRZQ�DV� WKH� MDJJLHV��
0HWKRGV� IRU� HOLPLQDWLQJ� WKH� MDJJLHV� DUH� NQRZQ� DV� DQWLDOLDVLQJ��

7KH�MDJJLHV�FDQ�QHYHU�EH�FRPSOHWHO\�HOLPLQDWHG�EHFDXVH�WKHUH�LV�QR�SHUIHFW�ZD\�
WR�UHSUHVHQW�D�GLDJRQDO�OLQH�RQ�D�JULG�ZLWK�RQO\�YHUWLFDO�DQG�KRUL]RQWDO�HOHPHQWV��
7KH� VWDLU�VWHS� HIIHFW� FDQ�EH� OHVVHQHG�� KRZHYHU�� E\� EOHQGLQJ� WKH� OLQHV� VR� WKDW�
SL[HOV�WKDW�DUH�FORVHU�WR�WKH�OLQH�DUH�DIIHFWHG�PRUH�E\�WKH�FRORU�RI�WKH�OLQH��7R�
HQDEOH� DQWLDOLDVHG� OLQH�GUDZLQJ�� VHW�DQWLDOLDVLQJ� WR� WUXH�

)LJXUH�������7KH�$QWLDOLDVLQJ�9DULDEOH�	�'HIDXOW

ERROHDQ�DQWLDOLDVLQJ�LV�IDOVH�

)LJXUH��������&ORVH�XS�RI�/LQHV�6KRZLQJ�µ-DJJLHV¶

)LJXUH��������&ORVH�XS�RI�$QWLDOLDVHG�/LQHV
$QWLDOLDVLQJ ��



6XSHUVDPSOLQJ
:KHQ�\RX�DUH�FUHDWLQJ�OLQH�GUDZLQJV�RI�REMHFWV��DQWLDOLDVLQJ�LV�IDLUO\�HDV\�EHFDXVH�
WKH�OLQHV�DUH�D�XQLIRUP�VKDSH�DQG�FRORU��:KHQ�\RX�DUH�FRPSXWLQJ�WKH�DQWLDOLDVLQJ�
IRU�PDWHULDO�LPDJHV��KRZHYHU��WKH�DQWLDOLDVLQJ�SUREOHP�EHFRPHV�PRUH�FRPSOH[��

7KH�FRORU�RI�D�VKDSH·V�VXUIDFH�PD\�FKDQJH�DQ\ZKHUH�RQ�WKH�VXUIDFH�EHFDXVH�RI�
VXUIDFH� WH[WXUHV� DQG� WKH� HIIHFWV�RI� WKH� VXUURXQGLQJ� HQYLURQPHQW�� ,W� LV� QRW�
SRVVLEOH�WR�FRPSXWH�ZKDW�WKH�H[DFW�FRQWULEXWLRQ�RI�VXUIDFH�FRORU�ZLOO�EH�WR�HDFK�
SL[HO�� ,QVWHDG��+\SHUFRVP�PXVW� VDPSOH� WKH�SL[HO� DW� D� QXPEHU� RI�SODFHV� WR�
GHWHUPLQH�ZKDW�PD\�EH�D�JRRG�DSSUR[LPDWH�DYHUDJH�VXUIDFH�FRORU�DW�WKH�SL[HO��
,W� FDQ�QHYHU� NQRZ�H[DFWO\�ZKDW� WKH�SUHFLVH� FRORU� IRU� WKDW� SL[HO� LV� EHFDXVH� LW�
ZRXOG� KDYH� WR� VDPSOH� LW� DQ� LQILQLWH�QXPEHU�RI� WLPHV�� ,Q�SUDFWLFH�� KRZHYHU��
VDPSOLQJ� D� IL[HG� QXPEHU�RI� WLPHV�SURYLGHV� D� JRRG� HQRXJK� DSSUR[LPDWLRQ� WR�
WKH� H[DFW� SL[HO� FRORU� WR� \LHOG� JRRG� UHVXOWV��<RX� FDQ� FKDQJH� WKH� QXPEHU�RI�
VDPSOHV�SHU�SL[HO� E\� VHWWLQJ� WKH� YDULDEOH�� VXSHUVDPSOLQJ��7KH� VXSHUVDPSOLQJ�
DOJRULWKP� LV� RQO\�XVHG� IRU� VKDGHG� LPDJHV�

.HHS� LQ�PLQG� WKDW� WKH� DPRXQW�RI� WLPH� WKDW� LW� WDNHV� WR� FUHDWH� WKH� LPDJH� LV�
SURSRUWLRQDO� WR� WKH�QXPEHU�RI� VDPSOHV�� ,I� \RX� WDNH� ��� VDPSOHV�SHU�SL[HO�� WKH�
LPDJH�ZLOO� WDNH� ��� WLPHV� ORQJHU� WR� FRPSXWH� WKDQ� DQ� LPDJH�ZLWK� QR� VXSHUVDP�
SOLQJ��6XSHUVDPSOLQJ�FDQ�HDVLO\�PDNH�LPDJHV�WDNH�DQ�LPSUDFWLFDO�DPRXQW�RI�WLPH�
WR� FUHDWH�

)LJXUH�������7KH�6XSHUVDPSOLQJ�9DULDEOH�	�'HIDXOW

LQWHJHU�VXSHUVDPSOLQJ� ����
�� 5HQGHULQJ



5
HQGHULQJ
)LJXUH��������1R�$QWLDOLDVLQJ

)LJXUH��������6XSHUVDPSOLQJ� ���6DPSOHV���3L[HO

)LJXUH��������6XSHUVDPSOLQJ� ����6DPSOHV���3L[HO
6XSHUVDPSOLQJ ��



6KDGRZV
6KDGRZV�DUH�D�FRPPRQ��HYHU\GD\�SKHQRPHQRQ��\HW�WKH\�DUH�RIWHQ�RPLWWHG�IURP�
FRPSXWHU� JUDSKLFV�EHFDXVH� WKH\� DUH� UHODWLYHO\�KDUG� WR� FRPSXWH��:LWK� WKH�
+\SHUFRVP�V\VWHP�\RX�FDQ�HQDEOH�WKHP�E\�VHWWLQJ�WKH�VKDGRZV�YDULDEOH�WR�WUXH�

7KH�VKDGRZV�WKDW�DUH�FDVW�E\�WKH�GLVWDQW��SRLQW��DQG�VSRW�OLJKW�VRXUFHV�DUH�VKDUS�
EHFDXVH� WKHVH� DUH�SRLQW� OLJKW� VRXUFHV��PHDQLQJ� WKDW� WKH� OLJKW� VRXUFHV� DUH� LQILQ�
LWHVLPDOO\�VPDOO��,Q�WKH�UHDO�ZRUOG��VKDGRZV�DUH�RIWHQ�IX]]\�EHFDXVH�OLJKW�LV�FDVW�
E\� OLJKWV� WKDW� DUHQ·W� VR� WLQ\� LQ� VL]H�� OLNH� IOXRUHVFHQW� OLJKW�EXOEV��

5HIOHFWLRQV
,I� WKH�VXUIDFH�RI�DQ�REMHFW� LV�GHILQHG�E\�D�PDWHULDO� VXFK�DV�PHWDO� WKDW�FDOOV� IRU�
UHIOHFWLRQV��WKHQ�\RX�FDQ�HQDEOH�WKH�REMHFW� WR�UHIOHFW�E\�WXUQLQJ�UHIOHFWLRQV�RQ��
,I� QR�PDWHULDO� W\SH� LV� VSHFLILHG�� WKHQ� \RX� VHH� QR� UHIOHFWLRQV��

5HIUDFWLRQV
5HIUDFWLRQ�GHVFULEHV� WKH�ZD\� WKDW� OLJKW� LV� EHQW� DV� LW� SDVVHV� WKURXJK� D� VXUIDFH��
+\SHUFRVP·V� UHIUDFWLRQ� YDULDEOH� WXUQV� RQ� WUDQVSDUHQF\��ZKLFK� DOORZV� OLJKW� WR�
SDVV� WKURXJK�VXUIDFHV�� ,I� WKH�VXUIDFH�RI�DQ�REMHFW� LV�GHILQHG�E\�D�PDWHULDO� WKDW�
FDOOV� IRU� UHIUDFWLRQ�� VXFK� DV� D� WUDQVSDUHQW� RU� JODVV� VKDGHU�� WKHQ� WKH� UHIUDFWLRQ�
HIIHFW� LV� XVHG�� ,I� WKH�REMHFW� KDV�QR�PDWHULDO� DVVLJQHG�� WKHQ� \RX� GRQ·W� JHW� WKH�
WUDQVSDUHQF\� HIIHFW�� �

)LJXUH�������7KH�6KDGRZV�9DULDEOH�	�'HIDXOW

ERROHDQ�VKDGRZV�LV�IDOVH�

)LJXUH�������7KH�5HIOHFWLRQV�9DULDEOH

ERROHDQ�UHIOHFWLRQV�LV�IDOVH�

)LJXUH�������7KH�5HIUDFWLRQV�9DULDEOH

ERROHDQ�UHIUDFWLRQV�LV�IDOVH�
�� 5HQGHULQJ



5
HQGHULQJ
� �

)LJXUH��������1R�6KDGRZV��5HIOHFWLRQV��RU�5HIUDFWLRQ

)LJXUH��������8VLQJ�6KDGRZV��5HIOHFWLRQV��DQG�5HIUDFWLRQV
5HIUDFWLRQV ��



)RJ
3LFWXUHV� WKDW� GHSLFW� RXWGRRU� VFHQHV�RIWHQ�EHQHILW� JUHDWO\� IURP� WKH� DGGLWLRQ�RI�
MXVW� D� WRXFK� RI� IRJ��(YHQ� RQ� D� FOHDU�GD\�� WKH� DWPRVSKHUH� FRQWDLQV� D� FHUWDLQ�
DPRXQW�RI�GXVW�DQG�ZDWHU�YDSRU�WKDW�WHQG�WR�REVFXUH�GLVWDQW�REMHFWV��7KH�ZRUOG�
LQ� WKH� FRPSXWHU� LV� VR�SHUIHFWO\� FOHDU�� WKDW� XQOHVV� \RX� VSHFLILFDOO\� DGG� D� WRXFK�
RI� IRJ�� SLFWXUHV� WKDW� DUH� VXSSRVHG� WR�GHSLFW� WKH�RXWGRRUV� ORRN� IDNH��

:LWKRXW� IRJ�� IUDFWDO�PRXQWDLQ� ODQGVFDSHV� ORRN� OLNH� WKH\� DUH� VLWWLQJ�RQ� D� WDEOH�
WRS� LQVWHDG�RI� VWUHWFKLQJ� IRU�PLOHV� LQ� WKH�GLVWDQFH��7KH� IRJ� WHOOV� \RX� WKDW� WKH�
REMHFWV� DUH� IDU� DZD\�� WKLV� LV� NQRZQ� DV�GHSWK� FXHLQJ�� ,I� \RX� DUH� UHQGHULQJ�%LJ�
%HQ�� \RX� FRXOG�PDNH� D� WKLFN� IRJ��<RX� FDQ� HYHQ�PDNH� FRORUHG� IRJ�

7KH�FRORU�RI�WKH�IRJ�LV�GHWHUPLQHG�E\� WKH�EDFNJURXQG�FRORU��7KH�WKLFNQHVV�RI�
WKH� IRJ� LV� GHWHUPLQHG�E\� WKH� IRJBIDFWRU�YDULDEOH��7KH� IRJBIDFWRU� LV� WKH�GLVWDQFH�
DW�ZKLFK�DQ�REMHFW�LV�KDOIZD\�REVFXUHG�E\�IRJ��$W�WKLV�GLVWDQFH��WKH�FRORU�RI�DQ�
REMHFW� LV�D�PL[WXUH�RI�KDOI�WKH�FRORU� WKH�REMHFW�ZRXOG�EH�LI� WKHUH�ZHUH�QR�IRJ��
DQG�KDOI�WKH�EDFNJURXQG��IRJ��FRORU��,I�\RX�VHW�WKH�IRJ�IDFWRU�WR�����REMHFWV����
XQLWV� DZD\�DUH�KDOIZD\� IRJJ\��REMHFWV� IDUWKHU� DZD\�DUH�YHU\� IRJJ\�� DQG�REMHFWV�
FORVHU�KDYH�YHU\� OLWWOH� IRJ� DWWHQXDWLRQ��7R� FUHDWH� D� JHQWOH�KD]H�RQ� WKLV� VDPH�
VFHQH�� \RX�PLJKW� VHW� IRJBIDFWRU� WR������ 6HWWLQJ� IRJBIDFWRU� WR��� HOLPLQDWHV� IRJ�
FRPSOHWHO\�

)LJXUH�������7KH�)RJ�9DULDEOHV�	�'HIDXOWV

VFDODU�IRJBIDFWRU� ���
YHFWRU�EDFNJURXQG� �EODFN�

)LJXUH��������)RJ�3K\VLFV

1.0

0.5

0.5

1.0

0RGHUDWH�)RJ

+HDY\�)RJ

FRORU
VDWXUDWLRQ

FRORU
VDWXUDWLRQ

IRJ�IDFWRU GLVWDQFH

IRJ�IDFWRU GLVWDQFH
�� 5HQGHULQJ



5
HQGHULQJ
)LJXUH��������$�*HQWOH�)RJ

)LJXUH��������$�+HDY\�)RJ
)RJ ��



�� 5HQGHULQJ



&+$37(5��

$QLPDWLRQ

$QLPDWLRQ� LV�� OLWHUDOO\�� WKH�SURFHVV�RI�EULQJLQJ� VRPHWKLQJ� WR� OLIH��7R�EULQJ�
LPDJHU\� WR� OLIH�� \RX�PXVW�PDNH� LW� G\QDPLF�� WKDW� LV�� JLYH� LW� WKH� FKDUDFWHULVWLF�
SURSHUW\� RI� OLIH�� WKH� DELOLW\� WR� FKDQJH�RYHU� WLPH��

<RX�FDQ�FUHDWH� WKH� LOOXVLRQ�RI�DQ�DQLPDWHG� LPDJH�E\�SUHVHQWLQJ�D� VHTXHQFH�RI�
SLFWXUHV� LQ�TXLFN� VXFFHVVLRQ�� ,I� HDFK� LPDJH� LV� RQO\� VOLJKWO\�GLIIHUHQW� IURP� WKH�
SUHYLRXV�RQH�DQG�WKH� WLPH�EHWZHHQ�HDFK� LPDJH� LV� VKRUW��RQ� WKH�RUGHU�RI������
RI� D� VHFRQG�� WKHQ� WKH�EUDLQ� ILOOV� LQ� WKH� WLQ\� JDSV�EHWZHHQ� WKH� LPDJHV� DQG� \RX�
SHUFHLYH� D� FRQWLQXRXV�� IOXLG� DQLPDWLRQ��7KLV� LV� WKH� XQGHUO\LQJ�SULQFLSOH�RI� DOO�
IRUPV�RI� DQLPDWLRQ�� LQFOXGLQJ�PRWLRQ�SLFWXUHV�� WHOHYLVLRQ�� YLGHR�� DQG�6DWXUGD\�
PRUQLQJ� FDUWRRQV�� ,W� LV� DOVR�KRZ�+\SHUFRVP�DQLPDWLRQ�ZRUNV�

7KH�3ULQFLSOHV�RI�$QLPDWLRQ

$FFHSWDEOH�)UDPH�5DWHV
)OXLG� DQLPDWLRQ�GLVSOD\V� DW� D� UDWH�RI� DURXQG���� IUDPHV�SHU� VHFRQG��9LGHRWDSH�
DQG�WHOHYLVLRQ�DUH�VKRZQ�DW����IUDPHV�SHU�VHFRQG��)LOP�SURMHFWRUV�WUDGLWLRQDOO\�
SUHVHQW� D� VOLJKWO\� ORZHU� IUDPH� UDWH�RI� ��� IUDPHV�SHU� VHFRQG�� 6RPH� VSHFLDO�
SURMHFWRU�V\VWHPV��VXFK�DV�,0$;��SUHVHQW����IUDPHV�SHU�VHFRQG�ZKLFK�UHTXLUHV�
VSHFLDO� SURMHFWRUV� DQG� ILOP��(YHQ� DW� ��� IUDPHV� SHU� VHFRQG�� WKH�QXPEHU�RI�
LQGLYLGXDO�IUDPHV�UHTXLUHG�IRU�D�VKRUW�DQLPDWLRQ�DGGV�XS�SUHWW\�TXLFNO\��VR�\RX�
FDQ�VRPHWLPHV�WU\�WR�JHW�E\�ZLWK�D�ORZHU�IUDPH�UDWH��,I�WKHUH�LV�QRW�PXFK�UDSLG�
FKDQJH� LQ� WKH� DQLPDWLRQ�� D� ORZHU� IUDPH� UDWH�PD\� EH� DFFHSWDEOH��%HORZ�DERXW�
���IUDPHV�SHU�VHFRQG�� WKRXJK�� WKH�H\H�FDQ�GHWHFW� WKH�FKDQJHV�EHWZHHQ�IUDPHV�
DQG�WKH�UHVXOWLQJ�DQLPDWLRQ�PD\�DSSHDU�WR�EH�MHUN\�LQVWHDG�RI�VPRRWK�DQG�IOXLG�
��



$QLPDWLRQ�6SHHG
0DQ\�FRPSXWHUV�DUH�QRW�\HW�FDSDEOH�RI�DQLPDWLRQ�VSHHGV�WKDW�PDWFK�ZKDW�\RX�
VHH�RQ� WHOHYLVLRQ� RU� LQ� WKH�PRYLHV��7KH� UXOH�RI� WKXPE� LV� WKDW� \RX� FDQ�KDYH�
LPDJH�TXDOLW\�RU�\RX�FDQ�KDYH�VSHHG��EXW�QRW�ERWK��,I�\RX�ILQG�WKDW�WKH�DQLPDWLRQ�
VSHHG�LV�WRR�VORZ��\RX�FDQ�WDNH�D�QXPEHU�RI�VWHSV�WR�VDFULILFH� LPDJH�TXDOLW\�LQ�
KRSHV�RI�DWWDLQLQJ�HQRXJK�VSHHG�WR�GR�WKH�MRE��:KHQ�\RX·UH�FUHDWLQJ�DQLPDWLRQV�
WR�EH�SODFHG�RQ� WKH�ZHE�� HYHQ� DQ� DQLPDWLRQ� WKDW� UXQV� VPRRWKO\�RQ� \RXU�
FRPSXWHU�PD\� UHTXLUH� D� UHGXFWLRQ� LQ�FRPSOH[LW\� LQ�RUGHU� WR� UXQ� VPRRWKO\�RQ�
RWKHU� FRPSXWHUV� DV�ZHOO�

5HDO�7LPH�$QLPDWLRQ
,I� \RX�ZLVK� WR� FUHDWH� UHDO�WLPH� DQLPDWLRQV�� \RX� DUH� DOPRVW� FHUWDLQO\� OLPLWHG� WR�
OLQH�GUDZLQJ�RU� VLPSOH� VKDGHG� UHQGHULQJV��0DQ\� FRPSXWHUV� DUH� VWLOO� LQFDSDEOH�
RI�SURGXFLQJ�VKDGHG�LPDJHV�DW�DQ�DFFHSWDEOH�UDWH�DQG�QR�FRPSXWHUV�DUH�FDSDEOH�
RI�SURGXFLQJ�KLJK�TXDOLW\�VKDGHG� LPDJHV�ZLWK�VKDGRZV�DQG� UHIOHFWLRQV�DW� LQWHU�
DFWLYH� UDWHV��

/LQH�GUDZLQJ� LV�DOZD\V�IDVWHU� WKDW�VKDGHG�UHQGHULQJ��<RX�FDQ�DOVR� LQFUHDVH� WKH�
GUDZLQJ� VSHHG� E\� UHGXFLQJ� WKH�QXPEHU�RI� IDFHWV�� ,I� \RXU�REMHFWV�KDYH� ORWV�RI�
OLWWOH�SDUWV�WKDW�GRQ·W�QHHG�WR�EH�GUDZQ�LQ�IXOO�GHWDLO�XQOHVV�WKH\�DUH�YHU\�FORVH��
WKHQ� \RX� FDQ� UDLVH� WKH�PLQBIHDWXUHBVL]H�ZKLFK� WHOOV�+\SHUFRVP� WR�GUDZ� VPDOO�
REMHFWV� DV� WKHLU� ERXQGLQJ�ER[HV� LQVWHDG�RI�GUDZLQJ� WKHP� LQ� IXOO� GHWDLO��

+LJK�4XDOLW\�$QLPDWLRQ
,I�\RX�ZLVK�WR�FUHDWH�KLJK�TXDOLW\�DQLPDWLRQV��D�FRPPRQ�WHFKQLTXH�LV�WR�SURGXFH�
D�TXLFN��ORZ�TXDOLW\�DQLPDWLRQ�ILUVW�WR�FKHFN�WKH�FDPHUD�DQG�REMHFW�PRYHPHQWV��
DQG� VRPHWLPHV� WKH� VKDGLQJ�� EHIRUH� JRLQJ�RQ� WR� LQYHVW� D� ODUJH� DPRXQW�RI�
FRPSXWHU� WLPH�RQ� D� ILQLVKHG�SURGXFW�� ,I� \RX·UH� SURGXFLQJ� VKDGHG� LPDJHV�� WKH�
PRUH�IHDWXUHV�WKDW�\RX�HQDEOH��WKH�VORZHU�WKH�UHQGHULQJ�EHFRPHV��7KH�VKDGRZV��
UHIOHFWLRQV��DQG�UHIUDFWLRQV� LQ�SDUWLFXODU�VORZ�WKLQJV�GRZQ�EHFDXVH�WKH\�XVH�UD\�
WUDFLQJ�WR�VLPXODWH�OLJKW�UD\�EHKDYLRU��)DFH�VKDGLQJ�LV�IDVWHU�WKDQ�YHUWH[�VKDGLQJ��
DQG�ERWK�IDFH�DQG�YHUWH[�VKDGLQJ�DUH�IDVWHU�WKDQ�SL[HO�VKDGLQJ��7KH�VORZHVW�EXW�
PRVW� UHDOLVWLF� VKDGLQJ�PRGH� LV� UD\� WUDFLQJ� �XVHG�ZKHQ� IDFHWV� � ����

$QLPDWLRQ�ZLWK�WKH�+\SHUFRVP�6\VWHP
:KHQ�\RX�DQLPDWH�LPDJHV�ZLWK�+\SHUFRVP��\RX�FUHDWH�D�VHULHV�RI�SLFWXUHV�WKDW�
GLVSOD\� LQ� UDSLG� VXFFHVVLRQ��<RX� FRXOG� FUHDWH� D� VHULHV� RI� LQGLYLGXDO�� VOLJKWO\�
GLIIHULQJ�SLFWXUHV�DQG�UXQ�WKHP�LQ�RUGHU��RU�\RX�FDQ�XVH�+\SHUFRVP·V�PRGHOLQJ�
DQG� UHQGHULQJ�FRPPDQGV� WR� FKDQJH� DQ�H[LVWLQJ� LPDJH��)RU�H[DPSOH�� WR�FUHDWH�
DQ� DQLPDWLRQ�RI� D� URWDWLQJ� VSKHUH�� \RX� FDQ� FUHDWH� WKH� VSKHUH�� WKHQ� UHSHDWHGO\�
XVH� WKH� URWDWH� WUDQVIRUPDWLRQ� WR� URWDWH� WKH� LPDJH� E\� D� OLWWOH� ELW� DW� D� WLPH�

:KHQ�\RX�DQLPDWH�LPDJHV�\RX�FDQ�FKDQJH�DOO�NLQGV�RI�WKLQJV��)RU�H[DPSOH�\RX�
FDQ�
�� $QLPDWLRQ



$
QLP

DWLRQ
� $QLPDWH� VKDSHV� RU� OLJKW� VRXUFHV�XVLQJ� WUDQVIRUPDWLRQ� FRPPDQGV� VXFK� DV�
PRYH�� URWDWH�� VNHZ�� HWF�

� 0RYH� DURXQG� D� VKDSH�E\� FKDQJLQJ� WKH� FDPHUD�SRVLWLRQLQJ�YDULDEOHV�H\H��
ORRNDW�DQG� UROO�

� =RRP� LQ� DQG�RXW� RQ� D� VFHQH�E\� FKDQJLQJ� WKH� ILHOGBRIBYLHZ� YDULDEOH�

8QOLNH�VRPH�JUDSKLFV�DQLPDWLRQ�SDFNDJHV��+\SHUFRVP�GRHV�QRW�LQFOXGH�D�VHULHV�
RI�FDQQHG�DQLPDWLRQ�FRPPDQGV�OLNH�WXUQ�RU� IOLS��:KLOH�WKHVH�FRPPDQGV�FDQ�EH�
XVHIXO�ZKHQ�\RX� ILUVW� VWDUW� WR�ZRUN�ZLWK�DQLPDWLRQV�� VRRQHU�RU� ODWHU� WKH\� OLPLW�
\RXU� FUHDWLYLW\�� ,QVWHDG��+\SHUFRVP�DQLPDWLRQV� UHTXLUH� \RX� WR�GR� VRPH�
SURJUDPPLQJ��<RX�FDQ�SURGXFH�HIIHFWLYH�DQLPDWLRQV�ZLWK�RQO\�D�PLQLPXP�RI�
SURJUDPPLQJ��RU�\RX�FDQ�PDNH�\RXU�DQLPDWLRQV�DV�FRPSOH[�DV�\RX� OLNH��XVLQJ�
+\SHUFRVP·V�20$5�SURJUDPPLQJ�ODQJXDJH��7KLV�DSSURDFK��ZKLOH�LQLWLDOO\�D�ELW�
KDUGHU� WR� OHDUQ�� XOWLPDWHO\� \LHOGV� DQLPDWLRQV� WKDW� DUH� IDU� ULFKHU� WKDQ� WKRVH�
DYDLODEOH�ZLWK� RWKHU� SDFNDJHV�

$QLPV
+\SHUFRVP�DQLPDWLRQV�PDNH�XVH�RI�DQ�20$5�SURFHGXUH�NQRZQ�DV�DQ�DQLP��
$Q�DQLP�LV�D�VHFWLRQ�RI�FRGH�WKDW�JHQHUDWHV�D�VHTXHQFH�RI�SLFWXUHV��,QVLGH�DQ�
DQLP�LV�D�ORRSLQJ�VWDWHPHQW�WKDW�WHOOV�WKH�FRPSXWHU�WR�FUHDWH�SLFWXUHV�UHSHDWHGO\��
(DFK� SLFWXUH�GLIIHUV� VOLJKWO\� IURP� WKH�RQH�EHIRUH� LW� �EHFDXVH� \RX� VSHFLI\�
GLIIHUHQW� SDUDPHWHUV�RU� FRQGLWLRQV���<RX� FDQ� GR� WKLV� E\�XVLQJ� D� IRU� ORRS� WR�
FUHDWH� D� IL[HG�QXPEHU� RI� IUDPHV�� RU�E\�XVLQJ� D�ZKLOH� ORRS� WR� FUHDWH�SLFWXUHV�
FRQWLQXRXVO\�ZKLOH� D� FHUWDLQ� FRQGLWLRQ� LV� WUXH�

$Q�DQLP�LV�MXVW�OLNH�D�YHUE�SURFHGXUH�H[FHSW�WKDW�LW�LV�DOORZHG�WR�FDOO�SLFWXUHV��
7KH� JUDSKLFDO� SURFHGXUHV� �DQLPV�� SLFWXUHV�� DQG� VKDSHV��PD\� FDOO� WKH�QRQ�
JUDSKLFDO� SURFHGXUHV� �YHUEV� DQG�TXHVWLRQV�� EXW�QRW� YLFH� YHUVD��1RWH�� DQ� DQLP�
FDQQRW�GLUHFWO\�FDOO�D�VKDSH��LQ�RUGHU�WR�XVH�D�VKDSH��DQ�DQLP�PXVW�FDOO�D�SLFWXUH�
WKDW� FDOOV� WKDW� VKDSH��

'RXEOH�%XIIHULQJ
,I� \RX� DUH� FUHDWLQJ� VWLOO� SLFWXUHV�� \RX�XVXDOO\�ZDQW� WR�EH� DEOH� WR�ZDWFK� WKH�
FRPSXWHU� GUDZ� WKH�SLFWXUH��:DWFKLQJ� WKH� FRPSXWHU�GUDZ� OHWV� \RX� WUDFN� WKH�
SURJUHVV�RI�WKH�UHQGHULQJ��DQG�JLYHV�\RX�VRPH�LGHD�RI�KRZ�ORQJ�LW�ZLOO� WDNH�WR�
FRPSOHWH�� ,W·V� DOVR� FRQYHQLHQW�EHFDXVH� LI� \RX� VHH� VRPHWKLQJ� \RX�GRQ·W� OLNH³
IRU�H[DPSOH��DQ�REMHFW�WKDW·V�WKH�ZURQJ�FRORU³\RX�FDQ�VWRS�WKH�UHQGHULQJ�DQG�
IL[� WKH�SUREOHP� LQVWHDG�RI�ZDLWLQJ� IRU� WKH� LPDJH� WR�EH� FRPSOHWHG��

:KHQ�\RX�GR�UHDO�WLPH�DQLPDWLRQ��KRZHYHU��WKH�VLWXDWLRQ�LV�GLIIHUHQW��<RX�GRQ·W�
UHDOO\�ZDQW� WR� VHH� WKH� FRPSXWHU�GUDZ�HDFK�SLFWXUH�� \RX�RQO\�ZDQW� WR� VHH� WKH�
ILQLVKHG�LPDJHV��7R�PDNH�WKLV�SRVVLEOH��+\SHUFRVP�XVHV�D�WHFKQLTXH�FDOOHG�GRXEOH�
EXIIHULQJ��
$QLPDWLRQ�ZLWK�WKH�+\SHUFRVP�6\VWHP ��



'RXEOH�EXIIHULQJ�PHDQV� WKDW� WKHUH� DUH� WZR�EXIIHUV� WR�KROG� WKH� LPDJHV��2QH�
EXIIHU� LV� IRU�YLHZLQJ�DQG�WKH�RWKHU�RQH� LV� IRU�GUDZLQJ��7KH�IURQW�EXIIHU�KROGV�
WKH�LPDJH�WKDW�\RX�VHH�RQ�WKH�VFUHHQ�DQG�DOZD\V�KROGV�D�FRPSOHWHG�LPDJH��7KH�
EDFN�EXIIHU� LV�ZKHUH� WKH� FRPSXWHU� VWRUHV� WKH� LPDJH� WKDW� LW� LV� EXV\�GUDZLQJ��
:KHQ�WKH�FRPSXWHU�LV�ILQLVKHG�UHQGHULQJ�WKH�LPDJH��LW�VZDSV�WKH�EXIIHUV�VR�\RX�
VHH� WKH� QHZO\� FRPSOHWHG� LPDJH��

(QDEOH� WKLV�SURFHVV�E\�VHWWLQJ� WKH�GRXEOHBEXIIHU�YDULDEOH�WR� WUXH��)RU�YHU\�VORZ�
DQLPDWLRQV�� \RX�PD\� VWLOO�ZLVK� WR� XVH� VLQJOH�EXIIHULQJ� VR� \RX� FDQ�ZDWFK� WKH�
LPDJHV� EHLQJ� FUHDWHG�

3DUDPHWHU�%DVHG�$QLPDWLRQ
7KH�SDUDPHWHUV�ZLWK�ZKLFK� D� VKDSH� LV� FUHDWHG� GHILQH� D� SDUWLFXODU� LQVWDQFH� RI�
WKDW� REMHFW��:KHQ�REMHFWV� DUH� DQLPDWHG�� WKH�REMHFWV� LQ� WKH� VFHQH� DQG�RU� WKH�
UHODWLRQVKLS�EHWZHHQ�REMHFWV�LQ�WKH�VFHQH�PXVW�FKDQJH�IRU�WKH�LPDJHV�WR�FKDQJH��
7KHUHIRUH�� WKH� DQLPDWLRQ� LV� WKH� UHVXOW� RI� WKH� FKDQJLQJ�SDUDPHWHUV��

)RU�H[DPSOH��\RX�PLJKW�PRGHO�D�FDU�ZKHUH�WKH�URWDWLRQ�RI�LWV�ZKHHOV�LV�D�IXQFWLRQ�
RI�D�GLVWDQFH�SDUDPHWHU�WKDW�WHOOV�KRZ�IDU�WKH�FDU�KDV�PRYHG��:KHQ�WKH�GLVWDQFH�
SDUDPHWHU� LV� FKDQJHG�� WKH�ZKHHOV� WXUQ��7R� DQLPDWH� WKH� FDU�� \RX�QHHG� D� ORRS�
WKDW� UHSHDWHGO\� FDOOV� D� SLFWXUH� FRQWDLQLQJ� WKH� FDU�� DQG� WKH� SLFWXUH�PXVW� SDVV� D�
FKDQJLQJ�GLVWDQFH�SDUDPHWHU�WR�WKH�FDU�WR�PDNH�WKH�ZKHHOV�FKDQJH�IURP�IUDPH�
WR� IUDPH��

$QRWKHU�H[DPSOH�LV�D�WLPH�SDUDPHWHU�WKDW�UHJXODWHV�WKH�FKDQJHV�LQ�WKH�DQLPDWLRQ��
7KH�DQLPDWLRQ�LV�D�VLPSOH�ORRS�LQFUHPHQWLQJ�WKH�WLPH�SDUDPHWHU�WKDW�LV�SDVVHG�
WR� WKH� SLFWXUH��7KH� SLFWXUH� GHILQHV�ZKHUH�REMHFWV� DUH� LQ� WHUPV�RI� WKH� WLPH�
SDUDPHWHU��7R�PDNH� WKH� DQLPDWLRQ� UXQ�PRUH� VORZO\� DQG� VPRRWKO\�� \RX�PDNH�
WKH� WLPH�SDUDPHWHU� LQFUHDVH�E\� VPDOOHU� LQFUHPHQWV�

)LJXUH������7KH�'RXEOH�%XIIHU�9DULDEOH�	�'HIDXOW

ERROHDQ�GRXEOHBEXIIHU�LV�IDOVH�
�� $QLPDWLRQ



$
QLP

DWLRQ
$QLPDWLRQ�([DPSOHV
7KH�IROORZLQJ�OLVWLQJV�GHPRQVWUDWH�VRPH�+\SHUFRVP�DQLPDWLRQV��7KH�ILUVW�RQH��
ODEHOHG�$QLPDWLQJ� WKH�(\H�/RFDWLRQ��SURGXFHV�D� URWDWLQJ�JREOHW� WKDW�PRYHV�
LQ� DQG� RXW

/LVWLQJ������$QLPDWLQJ�WKH�(\H�/RFDWLRQ

GR�URWDWLQJBJODVV�

LQFOXGH���G�RUHV��

VKDSH�JREOHW�LV
K\SHUERORLG��ZLWK

HQG�� ��������!��HQG�� ��������!�
UDGLXV�� ����UDGLXV�� ����

HQG�
K\SHUERORLG��ZLWK

HQG�� ��������!��HQG�� �������!�
UDGLXV�� �����UDGLXV�� ���

HQG�
K\SHUERORLG��ZLWK

HQG�� ��������!��HQG�� �������!�
UDGLXV�� ����UDGLXV�� ����

HQG�

ULQJ�ZLWK
FHQWHU� �������!��QRUPDO� �������!�
LQQHUBUDGLXV� �����RXWHUBUDGLXV� ���

HQG� ���ULP

F\OLQGHU�ZLWK
HQG�� �������!��HQG�� ��������!��UDGLXV� ���

HQG� ���EDVH�RI�JREOHW

GLVN�ZLWK
FHQWHU� �������!��QRUPDO� �������!��UDGLXV� ���

HQG� ���ERWWRP�RI�JREOHW
HQG� ���JREOHW

SLFWXUH�JODVVBSLFWXUH�ZLWK
ILHOGBRIBYLHZ� ����
ORRNDW� ���������!�

LV
GLVWDQWBOLJKW�IURP��������!�
JREOHW�ZLWK�FRORU� �OLJKW�RUDQJH��HQG�

HQG� ���JODVVBSLFWXUH
$QLPDWLRQ�ZLWK�WKH�+\SHUFRVP�6\VWHP ��



7KH� IROORZLQJ� DQLPDWLRQ� VKRZV� D� ULQJHG�SODQHW� OLNH� 6DWXUQ� RUELWLQJ� DURXQG� D�
VXQ�� YLHZHG� IURP� WKH�SRLQW�RI� YLHZ�RI� DQRWKHU� RUELWLQJ� SODQHW�

DQLP�URWDWLQJBJODVV�ZLWK
GRXEOHBEXIIHU�LV�RQ�

LV
VFDODU�DQJOH� ���
VFDODU�[��\��]�

ZKLOH�WUXH�GR
���H\H�URWDWHV�DURXQG�JODVV�LQ�DQ�HOOLSVH
[� �VLQ�DQJOH�
���
\� �FRV�DQJOH�
��������
]� ���

JODVVBSLFWXUH�ZLWK�
H\H� ��[�\�]!�
UROO� �DQJOH�

HQG�

DQJOH� �LWVHOI�����
HQG�

HQG� ���URWDWLQJBJODVV

/LVWLQJ������2UELWLQJ�3ODQHW�

GR�PRYLQJBVRODUBV\VWHP�

LQFOXGH���G�RUHV��

VKDSH�VDWXUQ�LV
VSKHUH�ZLWK�FRORU� �DTXD��HQG�
ULQJ�ZLWK

LQQHUBUDGLXV� ������RXWHUBUDGLXV� ���
QRUPDO� ����������!����FRORU� �\HOORZ�

HQG�
HQG� ���VDWXUQ

SLFWXUH�VRODUBV\VWHP
YHFWRU�ORFDWLRQ���ORFDWLRQ���ORFDWLRQ��

ZLWK
H\H� �ORFDWLRQ��
ORRNDW� �ORFDWLRQ��
ILHOGBRIBYLHZ� �����
DPELHQW� �ZKLWH�
����

LV
VSKHUH�ZLWK�PDWHULDO�LV�FRQVWDQWBFRORU�\HOORZ��PDJQLI\�E\�����PRYH�WR�ORFDWLRQ���HQG� ���VWDU
SRLQWBOLJKW�ZLWK�EULJKWQHVV� ����PRYH�WR�ORFDWLRQ���HQG� ���VWDU�OLJKW
VDWXUQ�ZLWK�PRYH�WR�ORFDWLRQ���HQG� ���SODQHW

HQG� ���VRODUBV\VWHP

/LVWLQJ������$QLPDWLQJ�WKH�(\H�/RFDWLRQ��&RQWLQXHG�
��� $QLPDWLRQ



$
QLP

DWLRQ
DQLP�PRYLQJBVRODUBV\VWHP�ZLWK
GRXEOHBEXIIHU�LV�RQ�

LV
YHFWRU�Y��DFFHOHUDWLRQ�
VFDODU�N� ����� ���FKDQJH�WKLV�WR�DGMXVW�RUELW�VSHHG
YHFWRU�VWDUBORFDWLRQ�� ��������!��VWDUBYHORFLW\�� ���������!�
YHFWRU�VWDUBORFDWLRQ�� ��������!��VWDUBYHORFLW\�� ���������!�
YHFWRU�VWDUBORFDWLRQ�� ���������!��VWDUBYHORFLW\�� ��������!�

ZKLOH�WUXH�GR
���FRPSXWH�VWDU�DQG�SODQHW�DWWUDFWLRQ�WR�HDFK�RWKHU
Y� �VWDUBORFDWLRQ����VWDUBORFDWLRQ��
DFFHOHUDWLRQ� �Y�
��N����Y�GRW�Y���
VWDUBYHORFLW\�� �LWVHOI����DFFHOHUDWLRQ�������
VWDUBYHORFLW\�� �LWVHOI���DFFHOHUDWLRQ�

���FRPSXWH�WKLUG�SDUW\
V�DWWUDFWLRQ�WR�VWDU
Y� �VWDUBORFDWLRQ����VWDUBORFDWLRQ��
DFFHOHUDWLRQ� �Y�
��N����Y�GRW�Y���
VWDUBYHORFLW\�� �LWVHOI���DFFHOHUDWLRQ�

VWDUBORFDWLRQ�� �LWVHOI���VWDUBYHORFLW\��
VWDUBORFDWLRQ�� �LWVHOI���VWDUBYHORFLW\��
VWDUBORFDWLRQ�� �LWVHOI���VWDUBYHORFLW\��

VRODUBV\VWHP�VWDUBORFDWLRQ��VWDUBORFDWLRQ��VWDUBORFDWLRQ�� ���GUDZ�SLFWXUH
HQG�

HQG� ���PRYLQJBVRODUBV\VWHP

/LVWLQJ������2UELWLQJ�3ODQHW���&RQWLQXHG�
$QLPDWLRQ�ZLWK�WKH�+\SHUFRVP�6\VWHP ���



0RXVH�&RQWUROOHG�$QLPV
7KH�DQLPDWLRQV�FUHDWHG�LQ�WKH�H[DPSOHV�DERYH�SOD\�RXW�OLNH�PRYLHV��HYHU\�WLPH�
WKH\�DUH�UXQ�WKH\�IROORZ�WKH�H[DFW�VDPH�SDWWHUQ��$�PRUH�SRZHUIXO�DQG�LQWHUHVWLQJ�
DQLPDWLRQ�ZRXOG�DOORZ�WKH�XVHU�WR�FRQWURO�LW�VRPHKRZ��8VLQJ�20$5��\RX�FDQ�
SURJUDP� LQWR� \RXU� DQLPDWLRQV� D� OLPLWOHVV� UDQJH� RI� LQWHUDFWLYLW\�

7KH� HDVLHVW�ZD\� WR� WXUQ� D� VWDWLF� �'� LPDJH� LQWR� DQ� LQWHUDFWLYH� DQLPDWLRQ� LV� WR�
XVH� D�PRXVH�FRQWUROOHG� DQLP��0RVW� VKDSHV� RU�SLFWXUHV� \RX�GHILQH� FDQ� VLPSO\�EH�
¶SOXJJHG� LQ·� WR� RQH� RI� WKH�PRXVH�FRQWUROOHG� DQLPV� WR� HQDEOH� WKUHH� GLIIHUHQW�
XVHIXO�LQWHUDFWLRQV��+RZ�\RX�FDQ�FRQWURO�WKH�LQWHUDFWLRQV�GHSHQGV�RQ�KRZ�PDQ\�
EXWWRQV� \RXU�PRXVH�KDV�

:LWK� D� WZR�EXWWRQ�PRXVH�� \RX� FDQ� DOVR�XVH� WKH� FRQWUROV� VSHFLILHG� IRU� D�RQH�
EXWWRQ�PRXVH�� DQG�ZLWK� D� WKUHH�EXWWRQ�PRXVH�� \RX� FDQ� DOVR� XVH� WKH� FRQWUROV�
VSHFLILHG�IRU�D�RQH�RU�WZR�EXWWRQ�PRXVH��:KHQ�XVLQJ�RQH�EXWWRQ�FRQWUROV��\RX�
FDQ�XVH� WKH�$OW�2SWLRQ� NH\� LQ�SODFH�RI� WKH�&RQWURO� NH\�

0RXVH�FRQWUROOHG� DQLPV� DXWRPDWLFDOO\� WXUQ� WKH� GRXEOH�EXIIHU�RQ� DQG� DOVR�
LPSOHPHQW�WKH�+\SHUFRVP�SURFHGXUH�FDOOHG�FKHFNBNH\V��7KLV�PHDQV�WKDW�ZKHQ�

7DEOH������,QWHUDFWLRQV�3URYLGHG�E\�0RXVH�&RQWUROOHG�$QLPV

,QWHUDFWLRQ 2Q�D�RQH�EXWWRQ�
PRXVH��KROG�

GRZQ�

2Q�D�WZR�EXWWRQ�
PRXVH��KROG�

GRZQ�

2Q�D�WKUHH�
EXWWRQ�PRXVH��
KROG�GRZQ�

6SLQ²5RWDWHV�
WKH�VKDSH�RU�
SLFWXUH�DERXW�WKH�
RULJLQ�

PRXVH�EXWWRQ OHIW�PRXVH�
EXWWRQ

OHIW�PRXVH�
EXWWRQ

3DQ²3DQV�WKH�
FDPHUD�DURXQG�

&RQWURO���PRXVH�
EXWWRQ

ULJKW�PRXVH
EXWWRQ

ULJKW�PRXVH
EXWWRQ

=RRP²0RYHV�
WKH�H\H�IRUZDUG�
DQG�EDFNZDUGV�

&RQWURO���6KLIW���
PRXVH�EXWWRQ

ERWK�PRXVH
EXWWRQV

PLGGOH�PRXVH
EXWWRQV
��� $QLPDWLRQ



$
QLP

DWLRQ
XVLQJ� D�PRXVH�FRQWUROOHG� DQLP��SUHVVLQJ�YDULRXV� VSHFLDO� NH\V�ZLOO� FKDQJH�
UHQGHULQJ�SDUDPHWHUV�

7KHUH� DUH� WZR�EDVLF�PRXVH�FRQWUROOHG� DQLPV�

� PRXVHBFRQWUROOHGBVKDSH�WDNHV�D�VKDSH�DV�LWV�SDUDPHWHU��,W�DOVR�DGGV�OLJKWLQJ�
IRU� \RX��7KH� OLJKWLQJ� VRXUFH� LV� VWDWLRQDU\� LQ�ZRUOG� FRRUGLQDWHV�� HYHQ� DV�
WKH� VKDSH� LV� VSXQ� DURXQG�

� PRXVHBFRQWUROOHGBSLFWXUH� WDNHV�D�SLFWXUH�DV� LWV�SDUDPHWHU� DQG�KDV�QR�DGGHG�
OLJKWLQJ�� ,I� \RX�ZDQW� D� OLJKWHG� VFHQH�� \RX�PXVW� DGG� OLJKW� \RXUVHOI� LQ� \RXU�
SLFWXUH�GHILQLWLRQ��$GGHG� OLJKWLQJ� VRXUFHV�ZLOO�PRYH�ZLWK� UHVSHFW� WR� WKH�
REMHFWV� LQ� WKH�SLFWXUH�� VR� WKH� VDPH� VLGH� RI�REMHFWV�ZLOO� DOZD\V�EH� OLW� XS�

%RWK�PRXVHBFRQWUROOHGBVKDSH�DQG�PRXVHBFRQWUROOHGBSLFWXUH�DUH�GHILQHG�LQ�WKH�ILOH�
DQLPV�RUHV��ZKLFK� LV� QRW� LQFOXGHG� DXWRPDWLFDOO\�ZLWK��G�RUHV�� VR� LQ�RUGHU� WR�
XVH�D�PRXVH�FRQWUROOHG�DQLP��\RX�PXVW�LQFOXGH�DQLPV�RUHV�LQ�\RXU�20$5�ILOH�

7DEOH������6SHFLDO�.H\V�:KHQ�8VLQJ�D�0RXVH�&RQWUROOHG�$QLP

.H\ (IIHFW

S FKDQJHV�UHQGHUBPRGH�WR�SRLQWSORW

Z FKDQJHV�UHQGHUBPRGH�WR�ZLUHIUDPH

K FKDQJHV�UHQGHUBPRGH�WR�KLGGHQBOLQH

V FKDQJHV�UHQGHUBPRGH�WR�VKDGHG

O FKDQJHV�HGJHV�WR�VLOKRXHWWH

R FKDQJHV�HGJHV�WR�REMHFW

D FKDQJHV�HGJHV�WR�DOO

I FKDQJHV�VKDGLQJ�WR�IDFH

Y FKDQJHV�VKDGLQJ�WR�YHUWH[

� WXUQV�RQ�RII�VWHUHR�YLHZ��VHWV�VWHUHR�WR���RU���
0RXVH�&RQWUROOHG�$QLPV ���



7KH� IROORZLQJ� WZR�H[DPSOH� OLVWLQJV�GHPRQVWUDWH�KRZ� WR�XVH�PRXVH�FRQWUROOHG�
DQLPV�

0RGLILDEOH�6KDSHV�	�3LFWXUHV
,I�D�VKDSH�RU�SLFWXUH�KDV�SDUDPHWHUV�� WKDW�PHDQV� WKDW�HYHU\� WLPH�WKDW�VKDSH�RU�
SLFWXUH�LV�XVHG��LW�PD\�KDYH�D�GLIIHUHQW�GHILQLWLRQ��)RU�H[DPSOH��D�VSKHUH��ZKLFK�
KDV�SDUDPHWHUV�VXFK�DV�FHQWHU�DQG�UDGLXV��FDQ�EH�JLYHQ�D�UDGLXV�RI�DQ\�VL]H�ZKHQ�
LW� LV� XVHG��:H� WKHUHIRUH� FDOO� VXFK� VKDSHV� DQG�SLFWXUHV�PRGLILDEOH�

$�PRXVH�FRQWUROOHG� DQLP�FDQQRW� DFFHSW� D�PRGLILDEOH� VKDSH�RU�SLFWXUH� DV� LWV�
SDUDPHWHU� EHFDXVH� LW� QHHGV� VRPHWKLQJ�ZLWK� D� FRQVWDQW�GHILQLWLRQ�� ,Q�RUGHU� WR�
XVH� D�PRXVH�FRQWUROOHG� DQLP�ZLWK� D�PRGLILDEOH� VKDSH�RU�SLFWXUH�� \RX�QHHG� WR�
HQFDSVXODWH�WKH�VKDSH�RU�SLFWXUH�LQVLGH�DQRWKHU�RQH�WKDW�GRHVQ·W�WDNH�DQ\�SDUDP�
HWHUV�

/LVWLQJ������8VLQJ�PRXVHBFRQWUROOHGBVKDSH

GR�LQWHUDFWLYHBEDOO�

LQFOXGH���G�RUHV��
LQFOXGH��DQLPV�RUHV�� ��


��DQLPV�RUHV��PXVW�EH�LQFOXGHG�WR�XVH�D�PRXVH�FRQWUROOHG�DQLP��




VKDSH�EDOO�LV
�����VSKHUH�ZLWK�FRORU� �RUDQJH��HQG�
HQG�

DQLP�LQWHUDFWLYHBEDOO�LV ���1R�QHHG�WR�VHW�GRXEOHBEXIIHU��PRXVHBFRQWUROOHGBVKDSH�GRHV�LW�IRU�\RX�
PRXVHBFRQWUROOHGBVKDSH�EDOO�

HQG�

/LVWLQJ������8VLQJ�PRXVHBFRQWUROOHGBSLFWXUH

GR�LQWHUDFWLYHBEDOOV�

LQFOXGH���G�RUHV��
LQFOXGH��DQLPV�RUHV�� ��


��DQLPV�RUHV��PXVW�EH�LQFOXGHG�WR�XVH�D�PRXVH�FRQWUROOHG�DQLP��




VKDSH�EDOO�LV
VSKHUH�ZLWK�FRORU� �RUDQJH��HQG�

HQG�

SLFWXUH�EDOOV�LV
GLVWDQWBOLJKW�IURP��������!�
EDOO�
EDOO�ZLWK�PRYH�WR��������!��HQG�
EDOO�ZLWK�PRYH�WR���������!��HQG�

HQG�

DQLP�LQWHUDFWLYHBEDOOV�LV ���1R�QHHG�WR�VHW�GRXEOHBEXIIHU��PRXVHBFRQWUROOHGBSLFWXUH�GRHV�LW�IRU�\RX�
PRXVHBFRQWUROOHGBSLFWXUH�EDOOV�

HQG�
��� $QLPDWLRQ



$
QLP

DWLRQ
6XSSRVH� \RX�GHILQH� D� VKDSH� OLNH� WKLV�

<RX� FDQQRW� WKHQ�GR� WKH� IROORZLQJ��

EHFDXVH�EDOO� LV�PRGLILDEOH�� 6LPLODUO\�� \RX� FDQ
W� VD\�

EHFDXVH� VSKHUH� LV�PRGLILDEOH� �LW� WDNHV�SDUDPHWHUV� VXFK� DV� FHQWHU� DQG
UDGLXV���%XW�� \RX� FDQ� SXW�EDOO� LQ� D�QRQ�PRGLILDEOH� VKDSH�� DQG� WKHQ�XVH� WKDW�

,W
V� RND\�� WKHQ�� WR� VD\�

2U�� \RX� FRXOG�SXW�EDOO� LQ� D�QRQ�PRGLILDEOH�SLFWXUH�

DQG� WKHQ� VD\�

VKDSH�EDOO�ZLWK ���7KH�XVH�RI�ZLWK�UHYHDOV�WKDW�WKLV�VKDSH�WDNHV�SDUDPHWHUV
���DQG�LV�WKHUHIRUH�PRGLILDEOH�

VFDODU�VSLQ� ���
LV

VSKHUH�ZLWK
FRORU� �ZKLWH�
URWDWH�E\�VSLQ�DURXQG�������!�

HQG�
HQG�

PRXVHBFRQWUROOHGBVKDSH�EDOO� ���FDXVHV�HUURU

PRXVHBFRQWUROOHGBVKDSH�VSKHUH�

VKDSH�QRQBPRGLILDEOHBEDOO�LV ���QRWH��QR�SDUDPHWHUV
EDOO�ZLWK�VSLQ� ����

HQG�

PRXVHBFRQWUROOHGBVKDSH�QRQBPRGLILDEOHBEDOO�

SLFWXUH�QRQBPRGLILDEOHBSLFWXUH�LV ���DJDLQ��QR�SDUDPHWHUV
EDOO�
GLVWDQWBOLJKW�IURP��������!�

HQG�

PRXVHBFRQWUROOHGBSLFWXUH�QRQBPRGLILDEOHBSLFWXUH�
0RXVH�&RQWUROOHG�$QLPV ���



&XVWRPL]LQJ�0RXVH�&RQWUROV
,I�\RX�ZDQW� WR�FXVWRPL]H�KRZ�\RXU�DQLPDWLRQV�UHVSRQG�WR�D�PRXVH��\RX�QHHG�
SURFHGXUHV� WKDW� FDQ� WHOO� \RX�ZKHUH� WKH� FXUVRU� LV� DQG�ZKHWKHU�PRXVH�EXWWRQV�
DUH�EHLQJ�SUHVVHG��7KH�GHWDLOV�RI�KRZ�WKH�DQLPDWLRQ�UHVSRQGV�WR�WKH�PRXVH�DUH�
WKHQ� HQWLUHO\� XS� WR� \RX� WR�SURJUDP��

+\SHUFRVP�SURYLGHV�WKUHH�GLIIHUHQW�SURFHGXUHV�IRU�JHWWLQJ�GDWD�IURP�WKH�PRXVH�

� JHWBPRXVH� UHWXUQV� WKH� ORFDWLRQ�RI� WKH�PRXVH� FXUVRU�RQ� WKH� VFUHHQ�

� PRXVHBGRZQ� LQGLFDWHV�ZKHWKHU� D�PRXVH�EXWWRQ� LV� SUHVVHG�GRZQ�RU�QRW�

� JHWBFOLFN� UHWXUQV� LQIRUPDWLRQ� DERXW� LQGLYLGXDO�PRXVH� FOLFNV�

7KH� IROORZLQJ� VHFWLRQV�GHVFULEH� WKHVH� SURFHGXUHV� LQ�PRUH� GHWDLO�

&XUVRU�/RFDWLRQ
7KH�TXHVWLRQ�SURFHGXUH��JHWBPRXVH��UHWXUQV�D�YHFWRU�WKDW�FRQWDLQV�WKH�ORFDWLRQ�
RI� WKH�PRXVH� FXUVRU� UHODWLYH� WR� WKH� FHQWHU� RI� WKH� YLHZLQJ�ZLQGRZ��7KH� [�
FRPSRQHQW�RI� WKH� YHFWRU� LQGLFDWHV� WKH�KRUL]RQWDO� SRVLWLRQ�RI� WKH� FXUVRU�� DQG�
WKH�\�FRPSRQHQW�LQGLFDWHV�WKH�YHUWLFDO�SRVLWLRQ��,I�WKH�FXUVRU�LV�SRVLWLRQHG�RYHU�
WKH� XSSHU� OHIW� FRUQHU�RI� WKH� YLHZLQJ�ZLQGRZ��JHWBPRXVH� UHWXUQV������� �!�� ,I�
WKH�FXUVRU�LV�SRVLWLRQHG�RYHU�WKH�ORZHU�ULJKW�FRUQHU��JHWBPRXVH�UHWXUQV��������!�

7KH� FRPSRQHQWV�RI� WKH� YHFWRU�PD\�EH� H[WUDFWHG�XVLQJ� WKH�GRW� RSHUDWRU��7KH�
WKLUG� FRPSRQHQW�RI� WKH� YHFWRU� LV�PHDQLQJOHVV� VLQFH�PRVW�PLFH�RQO\�KDYH� WZR�
GHJUHHV�RI� IUHHGRP�� ,I� \RX�ZDQW� WKH�PRXVH� ORFDWLRQ� LQ�RWKHU�XQLWV�� VXFK� DV�
UHODWLYH�WR�WKH�VFUHHQ�GLPHQVLRQV�RU�LQ�WKH�UDQJH�RI����WR�����WKHQ�\RX�FDQ�ZULWH�
\RXU�RZQ� IXQFWLRQV� WR� FRQYHUW� WKH� FRRUGLQDWHV�

&XUVRU�ORFDWLRQ�FDQ�EH�XVHG�WR�DGMXVW�DQ\�QXPEHU�RI�VFHQH�DWWULEXWHV��<RX�FRXOG�
URWDWH�D�VFHQH��FKDQJH�YLHZLQJ�SDUDPHWHUV��RU�HYHQ�FKDQJH�DQ�REMHFW·V�FRORU��,Q�
WKH�H[DPSOH�EHORZ��FKDQJLQJ� WKH�FXUVRU·V�KRUL]RQWDO� ORFDWLRQ�URWDWHV� DQ�REMHFW�
DERXW�WKH�=�D[LV��DQG�FKDQJLQJ�WKH�FXUVRU·V�YHUWLFDO�ORFDWLRQ�URWDWHV�LW�DERXW�WKH�
;�D[LV�

)LJXUH������7KH�&XUVRU�/RFDWLRQ�3URFHGXUH

YHFWRU�TXHVWLRQ�JHWBPRXVH�
��� $QLPDWLRQ



$
QLP

DWLRQ
7KH�0RXVH�%XWWRQ
$QRWKHU�XVHIXO� SURFHGXUH� LV� WKH�PRXVHBGRZQ� TXHVWLRQ��ZKLFK� WDNHV� D�PRXVH�
EXWWRQ�QXPEHU�DV� LWV�SDUDPHWHU��DQG�WKHQ�FKHFNV�ZKHWKHU� WKH�FRUUHVSRQGLQJ�
EXWWRQ�LV�SUHVVHG��,I�WKH�EXWWRQ�LV�SUHVVHG��PRXVHBGRZQ�DQVZHUV�WUXH��RWKHUZLVH�
LW� DQVZHUV� IDOVH�

7KH�EXWWRQ�RQ�D�RQH�EXWWRQ�PRXVH�LV�EXWWRQ����ZKLFK�LV�WKH�GHIDXOW�EXWWRQ�IRU�
PRXVHBGRZQ��2Q�D�WZR�RU�WKUHH�EXWWRQ�PRXVH��WKH�OHIW�EXWWRQ�LV�EXWWRQ����DQG�
WKH� ULJKW� EXWWRQ� LV� EXWWRQ� ���2Q� D� WKUHH�EXWWRQ�PRXVH�� WKH�PLGGOH� EXWWRQ� LV�
EXWWRQ���

/LVWLQJ������8VLQJ�JHWBPRXVH�WR�5RWDWH�DQ�2EMHFW

GR�WKLQJBDQLP�

LQFOXGH���G�RUHV��

VKDSH�WKLQJ�LV
EORFN�
F\OLQGHU�ZLWK�HQG�� ����������!��HQG�� ���������!��UDGLXV� �����HQG�

HQG� ���WKLQJ

SLFWXUH�WKLQJBSLFWXUH�ZLWK
H\H� ��������!�

LV
VFDODU�[� �JHWBPRXVH�GRW�������!� ���KRUL]RQWDO�PRXVH�ORFDWLRQ
VFDODU�\� �JHWBPRXVH�GRW�������!� ���YHUWLFDO�PRXVH�ORFDWLRQ

GLVWDQWBOLJKW�IURP��������!�
WKLQJ�ZLWK

URWDWH�E\�\�
������DURXQG�������!� ���XVH�YHUWLFDO�ORFDWLRQ�WR�URWDWH�DERXW�;�D[LV
URWDWH�E\�[�
�����DURXQG�������!� ���XVH�KRUL]RQWDO�ORFDWLRQ�WR�URWDWH�DERXW�=�D[LV

HQG�
HQG� ���WKLQJBSLFWXUH

DQLP�WKLQJBDQLP�ZLWK
GRXEOHBEXIIHU�LV�RQ�

LV
ZKLOH�WUXH�GR�WKLQJBSLFWXUH��HQG�

HQG� ���WKLQJBDQLP

)LJXUH������7KH�0RXVH�%XWWRQ�3URFHGXUH

ERROHDQ�TXHVWLRQ�PRXVHBGRZQ
EXWWRQ�LQWHJHU�QXPEHU� ���

HQG�
&XVWRPL]LQJ�0RXVH�&RQWUROV ���



,I� \RX·UH�XVLQJ� D� RQH� RU� WZR�EXWWRQ�PRXVH�� WKHQ�PRXVHBGRZQ� EXWWRQ� ��ZLOO�
DOZD\V� DQVZHU� IDOVH� EHFDXVH�QR�EXWWRQ��� H[LVWV� IRU� \RXU� V\VWHP�

7DEOH������0RXVH�%XWWRQ�1XPEHUV�IRU�'LIIHUHQW�0RXVH�7\SHV

%XWWRQ�
1XPEHU

2QH�%XWWRQ�0RXVH 7ZR�%XWWRQ�0RXVH 7KUHH�%XWWRQ�
0RXVH

� PRXVH�EXWWRQ OHIW�PRXVH�EXWWRQ OHIW�PRXVH�EXWWRQ

� ² ² PLGGOH�PRXVH�
EXWWRQ

� ² ULJKW�PRXVH�EXWWRQ ULJKW�PRXVH�EXWWRQ

/LVWLQJ������8VLQJ�JHWBPRXVH�DQG�PRXVHBGRZQ�WR�5RWDWH�DQG�0RYH�DQ�2EMHFW �

GR�WKLQJBDQLP�

LQFOXGH���G�RUHV��

VKDSH�WKLQJ�LV
EORFN�
F\OLQGHU�ZLWK

HQG�� ����������!�
HQG�� ���������!�
UDGLXV� ����

HQG�
HQG� ���WKLQJ

SLFWXUH�WKLQJBSLFWXUH
YHFWRU�ORFDWLRQ��RULHQWDWLRQ�

ZLWK
H\H� ��������!�

LV
GLVWDQWBOLJKW�IURP��������!�
WKLQJ�ZLWK

URWDWH�E\��RULHQWDWLRQ�GRW�������!��DURXQG��������!�
URWDWH�E\��RULHQWDWLRQ�GRW�������!��DURXQG�������!�
PRYH�WR�ORFDWLRQ�

HQG�
HQG� ���WKLQJBSLFWXUH
��� $QLPDWLRQ



$
QLP

DWLRQ
0RXVH�&OLFNV
7KH�PRXVHBGRZQ�SURFHGXUH� LV�XVHIXO� IRU� LQWHUDFWLRQV� WKDW� UHTXLUH� WKH�XVHU� WR�
SUHVV� DQG�KROG�GRZQ� D�PRXVH�EXWWRQ�� DV� LQ� WKH� H[DPSOH� OLVWLQJ� DERYH��
+RZHYHU��PRXVHBGRZQ�LV�QRW�YHU\�XVHIXO�IRU�LQWHUDFWLRQV�WKDW�UHTXLUH�WKH�XVHU�
WR� FOLFN� RU�GRXEOH�FOLFN� D�PRXVH�EXWWRQ�

7KLV� LV� EHFDXVH�PRXVHBGRZQ� RQO\�FKHFNV� WKH� FXUUHQW� VWDWH�RI� WKH�PRXVH�� ,I� WKH�
DQLPDWLRQ� IUDPH� UDWH� LV� VORZ�� WKHQ�PRXVHBGRZQ�PLJKW� FKHFN� WKH�PRXVH� WRR�
LQIUHTXHQWO\� DQG�PLJKW�PLVV� D� FOLFN�� ,I� WKH� IUDPH� UDWH� LV� YHU\� IDVW�� WKHQ�
PRXVHBGRZQ� FRXOG� FKHFN� WKH�PRXVH� WRR� IUHTXHQWO\�� DQG�PLJKW� UHSRUW� VHYHUDO�
FOLFNV�ZKHQ� WKH�XVHU�KDV� DFWXDOO\�RQO\� FOLFNHG�RQFH�

$QRWKHU� VLJQLILFDQW� SUREOHP�ZLWK�PRXVHBGRZQ� LV� WKDW�� EHFDXVH� LW� RQO\� FKHFNV�
WKH�FXUUHQW�PRXVH�VWDWH�� LW�FDQ�QHYHU�WHOO�\RX�H[DFWO\�ZKHQ�DQG�ZKHUH�D�PRXVH�
EXWWRQ�ZDV�SUHVVHG�RU� UHOHDVHG�� ,I� WKH� H[DPSOH� DQLPDWLRQ� DERYH�ZDV� UXQQLQJ�
YHU\�VORZO\��\RX�FRXOG�GUDJ�\RXU�PRXVH�DFURVV�WKH�JUDSKLFV�ZLQGRZ�YHU\�TXLFNO\��
DQG�PRXVHBGRZQ�PLJKW�QRW�GHWHFW�WKDW�WKH�PRXVH�ZDV�SUHVVHG�DW�DOO��RU��LW�PLJKW�
GHWHFW�WKDW�WKH�EXWWRQ�ZDV�SUHVVHG�RQFH��EXW�WKH�ORFDWLRQV�WKDW�JHWBPRXVH�ZRXOG�
UHWXUQ�ZRXOG�QRW�DFFXUDWHO\�UHIOHFW�WKH�ORFDWLRQV�RI�ZKHUH�WKH�PRXVH�ZDV�DFWXDOO\�
SUHVVHG�

,QVWHDG�RI�XVLQJ�PRXVHBGRZQ�WR�GHWHFW�PRXVH�FOLFNV�WKHQ��\RX�VKRXOG�JHQHUDOO\�
XVH�JHWBFOLFN��D�SURFHGXUH�WKDW�OHWV�\RX�NQRZ�DFFXUDWHO\�ZKHWKHU�WKH�PRXVH�KDV�

DQLP�WKLQJBDQLP�ZLWK
GRXEOHBEXIIHU�LV�RQ�

LV
YHFWRU�ROGBPRXVH��QHZBPRXVH��GHOWD�
YHFWRU�RULHQWDWLRQ� �������!��ORFDWLRQ� �������!�
VFDODU�G[��G\�

ROGBPRXVH� �JHWBPRXVH�
ZKLOH�WUXH�GR

QHZBPRXVH� �JHWBPRXVH��
GHOWD� �QHZBPRXVH���ROGBPRXVH��
ROGBPRXVH� �QHZBPRXVH�
G[� �GHOWD�GRW�������!��
G\� �GHOWD�GRW�������!�

LI�PRXVHBGRZQ�EXWWRQ���WKHQ
���LI�EXWWRQ�QXPEHU���LV�GRZQ��PRYH�REMHFW
ORFDWLRQ� �ORFDWLRQ����G[���G\!�
���

HOVH
���,I�EXWWRQ�QXPEHU���LV�QRW�GRZQ�URWDWH�REMHFW
RULHQWDWLRQ� �RULHQWDWLRQ����G\���G[!�
�����

HQG�

WKLQJBSLFWXUH�ORFDWLRQ�RULHQWDWLRQ�
HQG�

HQG� ���WKLQJBDQLP

/LVWLQJ������8VLQJ�JHWBPRXVH�DQG�PRXVHBGRZQ�WR�5RWDWH�DQG�0RYH�DQ�2EMHFW�
&XVWRPL]LQJ�0RXVH�&RQWUROV ���



EHHQ�FOLFNHG�RU�QRW��DQG�DOVR�WHOOV�\RX�ZKHUH�WKH�FOLFN�RFFXUUHG�DQG�ZKDW�NLQG�
RI� FOLFN�ZDV�PDGH�� D�GRZQ� FOLFN� �SUHVVLQJ� WKH�EXWWRQ� GRZQ��� D� GRXEOH� FOLFN�
�SUHVVLQJ�WKH�EXWWRQ�WZLFH�LQ�TXLFN�VXFFHVVLRQ���RU�DQ�XS�FOLFN��OHWWLQJ�WKH�EXWWRQ�
XS� DIWHU� LW� KDV� EHHQ�SUHVVHG� GRZQ��

7KH�0RXVH�(YHQW�4XHXH
7R�XQGHUVWDQG�KRZ�JHWBFOLFN�ZRUNV��DQG�WR�EH�DEOH�WR�XVH�LW�SURSHUO\��\RX�VKRXOG�
ILUVW� XQGHUVWDQG� WKH� FRQFHSW� RI� D�PRXVH�HYHQW� TXHXH��:KHQHYHU� WKH�PRXVH� LV�
FOLFNHG�� WKH� FRPSXWHU� HQWHUV� DQ� HYHQW� LQWR� LWV�PRXVH�HYHQW�TXHXH��7KLV� TXHXH�
ZRUNV� OLNH� D� WLFNHW� OLQH� RU� D� FRQYH\RU� EHOW��1HZ� LWHPV� DUH�SODFHG� DW� WKH� HQG��
DQG� LWHPV� DW� WKH� IURQW� DUH� VHUYLFHG� DQG� UHPRYHG�

7R� ¶VHUYLFH� DQG� UHPRYH·� DQ� HYHQW� IURP� WKH�PRXVH�HYHQW�TXHXH�� \RX� XVH� WKH�
JHWBFOLFN�SURFHGXUH��:KHQ�JHWBFOLFN�LV�FDOOHG��LW�UHPRYHV�DQ�HYHQW�IURP�WKH�HYHQW�
TXHXH� DQG� UHWXUQV� YDULRXV� LQIRUPDWLRQ� DERXW� WKH� HYHQW��7KH� HYHQW� WKDW� LV�
UHPRYHG� LV� DOZD\V� WKH� ROGHVW� HYHQW� WKDW� KDV� QRW� \HW� EHHQ�KDQGOHG�� EHFDXVH� WKH�
PRVW� UHFHQW� HYHQW� LV� DOZD\V�SODFHG� DW� WKH� HQG�RI� WKH� TXHXH�

)RU�H[DPSOH�� LPDJLQH�\RX·UH�UXQQLQJ�DQ�DQLPDWLRQ�WKDW�FDOOV�JHWBFOLFN�RQFH�SHU�
IUDPH��%HWZHHQ�WZR�FDOOV�WR�JHWBFOLFN��\RX�GRXEOH�FOLFN�RQ�WKH�JUDSKLFV�ZLQGRZ��
%\�GRXEOH�FOLFNLQJ��\RX�HQWHU�IRXU�HYHQWV�LQWR�WKH�PRXVH�HYHQW�TXHXH��WKH�LQLWLDO�
GRZQ�FOLFN�� WKH�IROORZLQJ�XS�FOLFN�� WKH� VHFRQG�GRZQ�FOLFN� �ZKLFK� LV� WDEEHG�DV�
D�GRXEOH� FOLFN��� DQG� WKH� ILQDO� XS� FOLFN��7KH� LQLWLDO� GRZQ�FOLFN� LV� WKH� ROGHVW� RI�
WKH� IRXU� HYHQWV�� DQG� WKH� ILQDO� XS� FOLFN� LV� WKH�PRVW� UHFHQW�
7KH�QH[W� FDOO� WR�JHWBFOLFN� WKHQ� DQVZHUV�GRZQ�� EHFDXVH� WKH�ROGHVW� HYHQW� LQ� WKH�
TXHXH� LV� \RXU� LQLWLDO� GRZQ�FOLFN��)ROORZLQJ� FDOOV� WR�JHWBFOLFN� DQVZHU�XS�� WKHQ�
GRXEOHBFOLFN�� WKHQ�XS� DJDLQ��5HPDLQLQJ� FDOOV� WR�JHWBFOLFN�� DVVXPLQJ� \RX�GR�QRW�
FOLFN�DQ\�PRUH�DIWHU�\RXU�ILUVW�GRXEOH�FOLFN��DOO�DQVZHU�QRQH�EHFDXVH� WKH�TXHXH�
LV� HPSW\�

8VLQJ�JHWBFOLFN
7KH�JHWBFOLFN�SURFHGXUH�KDV�D�QXPEHU�RI�XVHIXO�RSWLRQDO�UHWXUQ�SDUDPHWHUV��7KH�
EXWWRQ�SDUDPHWHU� LQGLFDWHV�ZKLFK�PRXVH�EXWWRQ�ZDV� FOLFNHG��7KH� ORFDWLRQ�
SDUDPHWHU� LQGLFDWHV�ZKHUH� WKH� FXUVRU�ZDV�ZKHQ� WKH� FOLFN� RFFXUUHG�� XVLQJ� WKH�
VDPH�IRUPDW�DV�WKH�JHWBPRXVH�UHWXUQ�YDOXH��7KH�ERROHDQ�SDUDPHWHUV³VKLIW��DOW��

)LJXUH������7KH�0RXVH�&OLFN�7\SH�	�3URFHGXUH

HQXP�FOLFN�LV�GRZQ��GRXEOHBFOLFN��XS�

FOLFN�W\SH�TXHVWLRQ�JHWBFOLFN
UHWXUQ�ZLWK

LQWHJHU�EXWWRQ�
YHFWRU�ORFDWLRQ�
ERROHDQ�VKLIW�
ERROHDQ�DOW�
ERROHDQ�FRQWURO�
ERROHDQ�FDSVBORFN�

HQG�
��� $QLPDWLRQ



$
QLP

DWLRQ
FRQWURO��DQG�FDSVBORFN³LQGLFDWH�ZKLFK�RI�WKH�FRUUHVSRQGLQJ�PRGLILHU�NH\V�ZHUH�
SUHVVHG�ZKHQ�WKH�FOLFN�RFFXUUHG��ZLWK�DOW�FRUUHVSRQGLQJ�WR�WKH�2SWLRQ�NH\�RQ�
0DFLQWRVK�NH\ERDUGV��

:KHQ�\RX�FDOO�JHWBFOLFN��\RX�FDQ�XVH�DQ\�FRPELQDWLRQ�RI�WKH�UHWXUQ�SDUDPHWHUV��
DQG�\RX�QHHGQ·W�XVH�DQ\�DW�DOO�LI�WKH\�DUHQ·W�QHHGHG��7KH�V\QWD[�IRU�XVLQJ�JHWBFOLFN�
DQG� LWV� SDUDPHWHUV� LV� GHPRQVWUDWHG� LQ� WKH� IROORZLQJ� OLVWLQJ�

7KH�OLVWLQJ�SURGXFHV�D�VSLQQLQJ�PHWDOOLF�F\OLQGHU��<RX�FDQ�FKDQJH�WKH�FRORU�RI�
WKH� JURXQG�EHORZ� WKH� F\OLQGHU�E\� FOLFNLQJ�RQ� LW�� RU� FKDQJH� WKH� VN\·V� FRORU�E\�
FOLFNLQJ� RQ� LW�� 7R� FKDQJH� WKH� F\OLQGHU·V� FRORU�� SUHVV� 6KLIW� DQG� FOLFN� DQ\ZKHUH��
<RX� FDQ� DOVR� WXUQ� IRJ� RQ� DQG�RII� E\�SUHVVLQJ�&RQWURO�ZKLOH� FOLFNLQJ�

/LVWLQJ������8VLQJ�JHWBFOLFN�WR�&KDQJH�&RORUV�LQ�D�6FHQH�

GR�FRORUBSLFNHU�

LQFOXGH���G�RUHV��

FRORU�W\SH�FRORUV>�����@� �>�GDUN�UHG���GDUN�JUHHQ���GDUN�EOXH��UHG�JUHHQ�EOXH�\HOORZ�F\DQ�PDJHQWD
EODFN�FKDUFRDO�JUH\�ZKLWH�VN\BEOXH�ROLYH�JROG�UXVW�HJJSODQW�ODYHQGHU@�

SLFWXUH�FRORUBVFDSH�LV
VWDWLF�LQWHJHU�VN\BFRORU� ���� ���'HIDXOW�VN\�FRORU�LV�����VN\�EOXH�
VWDWLF�LQWHJHU�JURXQGBFRORU� ��� ���'HIDXOW�JURXQG�FRORU�LV����GDUN�JUHHQ�
VWDWLF�LQWHJHU�WKLQJBFRORU� ���� ���'HIDXOW�F\OLQGHU�FRORU�LV�����JROG�
VWDWLF�LQWHJHU�W� ��� ���7KLV�YDULDEOH�LV�WKH�DPRXQW�RI�WKH�

���F\OLQGHU¶V�VSLQ�
LQWHJHU�EXWWRQ�
YHFWRU�FOLFNBORF�
ERROHDQ�VKLIW��FWUO�

���


�6\QWD[�IRU�XVLQJ�RSWLRQDO�UHWXUQ�SDUDPHWHUV��



��
FOLFN�W\SH�FOLFN�LV

�JHWBFOLFN�UHWXUQ�ZLWK
FOLFNBORF� �ORFDWLRQ�
VWDWLF�VKLIW�LV�VKLIW� ����VWDWLF�VKLIW��LV�WKH�YDULDEOH���VKLIW��LV�WKH�SDUDPHWHU�
FWUO�LV�FRQWURO��� ���1RWH��QR�HQG�NH\ZRUG�EHFDXVH�WKH�SURFHGXUH�FDOO�LV

���DQ�H[SUHVVLRQ��QRW�D�VWDWHPHQW�

LI�FOLFN�LV�GRZQ�RU�FOLFN�LV�GRXEOHBFOLFN�WKHQ
LI�FWUO�WKHQ ���,I�&RQWURO�LV�SUHVVHG��WRJJOH�IRJBIDFWRU�

LI�IRJBIDFWRU� ���WKHQ�IRJBIDFWRU� �����
HOVH�IRJBIDFWRU� ���
HQG�

HOVH
LI�VKLIW�WKHQ�WKLQJBFRORU� ��LWVHOI������PRG��QXP�FRORUV�� ���&KDQJH�F\OLQGHU¶V�FRORU�
HOVHLI�FOLFNBORF�\�!���WKHQ�VN\BFRORU� ��LWVHOI������PRG��QXP�FRORUV���

���&KDQJH�VN\¶V�FRORU�
HOVH�JURXQGBFRORU� ��LWVHOI������PRG��QXP�FRORUV�� ���&KDQJH�JURXQG¶V�FRORU�
HQG�

HQG�
HQG�
&XVWRPL]LQJ�0RXVH�&RQWUROV ���



&XVWRPL]LQJ�.H\ERDUG�&RQWUROV
<RX�FDQ� DOVR�XVH� WKH� NH\ERDUG� WR� FRQWURO� DQLPDWLRQV��7KH�EXLOW�LQ� ,�2�
SURFHGXUH�� UHDG�� LV� XQVXLWDEOH� IRU� DQLPDWLRQV�EHFDXVH� LW�ZDLWV� IRU� WKH� XVHU� WR�
HQWHU�GDWD�DQG�WKHQ�SUHVV�(QWHU�RU�5HWXUQ��:KDW�\RX�QHHG�LQVWHDG�LV�D�NH\ERDUG�
SURFHGXUH�WKDW�UHSRUWV�WKH�LQVWDQWDQHRXV�VWDWH�RI�WKH�NH\ERDUG�ZLWKRXW�ZDLWLQJ�
IRU� WKH�(QWHU�NH\��)RU� WKLV�SXUSRVH��+\SHUFRVP�SURYLGHV� WZR�NH\ERDUG�SURFH�
GXUHV��JHWBNH\�DQG�NH\BGRZQ��WKDW�IXQFWLRQ�OLNH�WKH�PRXVH�SURFHGXUHV�JHWBFOLFN�
DQG�PRXVHBGRZQ��

EDFNJURXQG� �FRORUV>VN\BFRORU@� ���6HW�WKH��VN\¶V��FRORU�
GLVWDQWBOLJKW�IURP���������!�

VSKHUH�ZLWK
YPD[� ���
VFDOH�E\����DORQJ�������!�
PDJQLI\�E\�����
FRORU� �FRORUV>JURXQGBFRORU@� ���6HW�WKH�JURXQG¶V�FRORU�

HQG� ���JURXQG

F\OLQGHU�ZLWK
VFDOH�E\���DORQJ�������!�
PDJQLI\�E\���
URWDWH�E\�W�DURXQG�������!�
PDWHULDO�LV�PHWDO�FRORUHG�FRORUV>WKLQJBFRORU@� ���6HW�WKH�F\OLQGHU¶V�PHWDO�FRORU�

HQG� ���VSLQQLQJ�F\OLQGHU

W� �LWVHOI����� ���7KLV�LQFUHPHQWV�WKH�F\OLQGHU¶V�VSLQ�
HQG� ���FRORUBVFDSH

DQLP�FRORUBSLFNHU�ZLWK
GRXEOHBEXIIHU�LV�RQ�
H\H� ���������!�

LV
ZKLOH�WUXH�GR

FRORUBVFDSH�
HQG�

HQG� ���FRORUBSLFNHU

)LJXUH������7KH�.H\ERDUG�3URFHGXUHV

LQWHJHU�TXHVWLRQ�JHWBNH\
UHWXUQ�ZLWK

ERROHDQ�VKLIW�
ERROHDQ�DOW�
ERROHDQ�FRQWURO�

HQG�

ERROHDQ�TXHVWLRQ�NH\BGRZQ
LQWHJHU�NH\�

HQG�

/LVWLQJ������8VLQJ�JHWBFOLFN�WR�&KDQJH�&RORUV�LQ�D�6FHQH���&RQWLQXHG�
��� $QLPDWLRQ



$
QLP

DWLRQ
-XVW� DV�JHWBFOLFN�SURYLGHV� LQIRUPDWLRQ� DERXW� HYHQWV� LQ� WKH�PRXVH�HYHQW�TXHXH��
JHWBNH\�SURYLGHV� LQIRUPDWLRQ�DERXW�HYHQWV� LQ� WKH�NH\ERDUG�HYHQW�TXHXH��(DFK�
WLPH�\RX�VWULNH�D�NH\�RQ�\RXU�NH\ERDUG��\RXU�FRPSXWHU� WDNHV�QRWH�E\�HQWHULQJ�
DQ� HYHQW� LQ� WKH� NH\ERDUG�HYHQW�TXHXH��:KHQ�JHWBNH\� LV� FDOOHG�� LW� UHPRYHV� WKH�
ROGHVW�HYHQW�UHPDLQLQJ�LQ�WKH�TXHXH�DQG�UHWXUQV�LQIRUPDWLRQ�DERXW�LW��7KH�LQWHJHU�
WKDW�JHWBNH\� UHWXUQV� LV� WKH�NH\FRGH�RI� WKH� NH\� WKDW�ZDV� VWUXFN��.H\FRGHV� DUH�
VLPLODU� WR�PRXVH�EXWWRQ�QXPEHUV�� WKHUH� LV�D�GLIIHUHQW�NH\FRGH�IRU�HDFK�RI� WKH�
EXWWRQV�RQ� WKH� NH\ERDUG�

,Q�DGGLWLRQ�WR�UHWXUQLQJ�D�NH\FRGH��JHWBNH\�DOVR�KDV�RSWLRQDO�UHWXUQ�SDUDPHWHUV�
WKDW� LQGLFDWH�ZKHWKHU� D�PRGLILHU� NH\³6KLIW��$OW�2SWLRQ��&RQWURO�� RU�&DSV�
/RFN³ZDV�SUHVVHG�GRZQ�ZKHQ� D� NH\�ZDV� VWUXFN��7KHUH� LV� QR� FDSVBORFN�
SDUDPHWHU�� ,QVWHDG�� WKH�VKLIW�SDUDPHWHU� LV� DGMXVWHG�DFFRUGLQJO\�� LI�&DSV�/RFN� LV�
GRZQ�DQG�D�OHWWHU�NH\�LV�VWUXFN��WKHQ�VKLIW�ZLOO�EH�WUXH��RWKHUZLVH��WKH�&DSV�/RFN�
NH\� KDV�QR� HIIHFW�

7KH�VHFRQG�NH\ERDUG�SURFHGXUH��NH\BGRZQ��ZRUNV�YHU\�PXFK�OLNH�PRXVHBGRZQ��
,W�WDNHV�D�NH\FRGH�DV�LWV�SDUDPHWHU��DQG�WKHQ�FKHFNV�ZKHWKHU�WKH�FRUUHVSRQGLQJ�
NH\�LV�SUHVVHG��,I�WKDW�NH\�LV�SUHVVHG��NH\BGRZQ�DQVZHUV�WUXH��RWKHUZLVH�LW�DQVZHUV�
IDOVH�

&RQYHUWLQJ�%HWZHHQ�&KDUDFWHUV�DQG�.H\FRGHV
6LQFH�DOO�FRPSXWHUV�KDYH�GLIIHUHQW�NH\ERDUGV��D�FHUWDLQ�NH\�PD\�KDYH�GLIIHUHQW�
NH\FRGHV�RQ�GLIIHUHQW�FRPSXWHUV��RU�PD\�QRW�HYHQ�H[LVW�RQ�FHUWDLQ�FRPSXWHUV��
2Q� D�0DFLQWRVK�� IRU� H[DPSOH�� WKH� NH\FRGH� IRU� WKH�$�NH\� LV� ���ZKHUHDV�RQ� D�
81,;�PDFKLQH�� LW� LV� ���� ,I� \RX�ZHUH� WR� XVH�RQO\� \RXU� V\VWHP·V� NH\FRGHV� WR�
UHIHU� WR� NH\V�� WKHQ� \RXU� SURJUDPV�ZRXOG� QRW�EH� SRUWDEOH�EHWZHHQ�GLIIHUHQW�
PDNHV�RI� FRPSXWHUV�

/LVWLQJ������3URJUDP�WR�5HSRUW�WKH�.H\FRGH�RI�$Q\�.H\�7KDW�,V�6WUXFN

GR�JHWBNH\FRGHV�

LQFOXGH���G�RUHV��

DQLP�JHWBNH\FRGHV�LV
SLFWXUH�EODQN�LV
HQG�

ZKLOH�WUXH�GR
LQWHJHU�N� �JHWBNH\�

EODQN� ���JHWBNH\�UHTXLUHV�DQ�RSHQ�JUDSKLFV�ZLQGRZ�
LI�N��!���WKHQ ���,I�VRPH�NH\�ZDV�VWUXFN��WKHQ�ZULWH�WKH�NH\FRGH�

ZULWH��NH\FRGH� ����N����
HQG�

HQG�
HQG� ���JHWBNH\FRGHV
&XVWRPL]LQJ�.H\ERDUG�&RQWUROV ���



7R� HQVXUH� WKDW� \RXU�20$5�FRGH� LV� SRUWDEOH��+\SHUFRVP�SURYLGHV� LWV� RZQ�
LQWHUPHGLDU\�NH\FRGH��<RX�FDQ�XVH�WKH�SURFHGXUHV�NH\BWRBFKDU�DQG�FKDUBWRBNH\�
WR� FRQYHUW� EHWZHHQ� FKDUDFWHUV� DQG� WKH�+\SHUFRVP�NH\FRGH��7KHQ�� WKH�
+\SHUFRVP�V\VWHP�FDQ�KDQGOH�WKH�FRQYHUVLRQ�EHWZHHQ�WKH�+\SHUFRVP�NH\FRGH�
DQG�V\VWHP�GHSHQGHQW�NH\FRGH�LQWHUQDOO\��7KXV��\RXU�20$5�FRGH�QHYHU�KDV�WR�
WDNH� LQWR� DFFRXQW� V\VWHP�GHSHQGHQW� NH\FRGHV�

7KH�TXHVWLRQ�FKDUBWRBNH\� WDNHV� D�FKDUDFWHU�SDUDPHWHU� DQG� UHWXUQV� LWV�NH\FRGH��
7KH�TXHVWLRQ�NH\BWRBFKDU� WDNHV� D� NH\FRGH� DQG� UHWXUQV� LWV� FRUUHVSRQGLQJ�
FKDUDFWHU��,I�\RX�VHW�LWV�VKLIW�SDUDPHWHU�WR�WUXH��NH\BWRBFKDU�UHWXUQV�WKH�FKDUDFWHU�
WKDW� FRUUHVSRQGV� WR� D� VKLIWHG�NH\�

1RWH� WKDW� WKHUH�DUH�PDQ\�VSHFLDO�NH\V�RQ�D�NH\ERDUG��VXFK�DV�)��RU�3DJH�8S��
WKDW� GR�QRW� FRUUHVSRQG� WR� DQ\�SULQWDEOH� FKDUDFWHU� DQG� FDQQRW� WKHUHIRUH�EH�
FRQYHUWHG� WR� FKDUV�� )RU� WKLV� UHDVRQ�� WKH� FRQYHUVLRQ�SURFHGXUHV�RQO\�ZRUN� IRU�
WKH� OHWWHU�� QXPEHU�� DQG� V\PERO� NH\V�� DQG� IRU� FHUWDLQ� VSHFLDO� NH\V� VXFK� DV� WKH�
6SDFH��7DE��DQG�(QWHU�NH\V��,I�\RX�QHHG�WR�NQRZ�WKH�NH\FRGH�RI�D�VSHFLDO�NH\�
VXFK� DV�)��� WKHQ� \RX� FDQ� ORRN� LQ� WKH� UHVRXUFH� ILOH��NH\FRGH�RUHV��ZKHUH� \RX�
FDQ� ILQG� WKH� FRQYHUVLRQ�SURFHGXUH�GHILQLWLRQV� WRJHWKHU�ZLWK�GRFXPHQWHG�
FRQYHUVLRQ� WDEOHV�

)LJXUH������&KDUDFWHU�.H\FRGH�&RQYHUVLRQ�3URFHGXUHV

FKDU�TXHVWLRQ�NH\BWRBFKDU
LQWHJHU�NH\�

ZLWK
ERROHDQ�VKLIW�LV�IDOVH�

HQG�

LQWHJHU�TXHVWLRQ�FKDUBWRBNH\
FKDU�F�

HQG�

/LVWLQJ������3URJUDP�WR�5HSRUW�WKH�&RUUHVSRQGLQJ�&KDUDFWHU�RI�$Q\�.H\�7KDW�,V�6WUXFN

GR�ZULWHBFKDUV�

LQFOXGH���G�RUHV��

DQLP�ZULWHBFKDUV�LV
SLFWXUH�EODQN�LV�HQG�

ZKLOH�WUXH�GR
ERROHDQ�VKLIW�
LQWHJHU�N� ��JHWBNH\�UHWXUQ�ZLWK�VWDWLF�VKLIW�LV�VKLIW���
FKDU�F�LV��NH\BWRBFKDU�N�ZLWK�VKLIW�LV�VWDWLF�VKLIW���

EODQN� ���JHWBNH\�UHTXLUHV�DQ�RSHQ�JUDSKLFV�ZLQGRZ�
LI�N��!���WKHQ ���,I�VRPH�NH\�ZDV�VWUXFN��WKHQ�ZULWH�LWV�FRUUHVSRQGLQJ�FKDUDFWHU�

ZULWH��\RX�W\SHG����F����
HQG�

HQG�
HQG� ���ZULWHBFKDUV
��� $QLPDWLRQ



$
QLP

DWLRQ
7KH�IROORZLQJ�H[DPSOH�XVHV�VRPH�DGYDQFHG�SURJUDPPLQJ�WHFKQLTXHV�WR�FUHDWH�
D� URERW� WKDW� \RX� FDQ� FRQWURO�ZLWK� \RXU� NH\ERDUG� DQG� DOVR�PDQLSXODWH� XVLQJ� D�
PRXVH�FRQWUROOHG� DQLP��

/LVWLQJ�������$�.H\ERDUG�&RQWUROOHG�5RERW�

GR�LQWHUDFWLYHBURERW�

LQFOXGH���G�RUHV��
LQFOXGH��DQLPV�RUHV�� ����DQLPV�RUHV��PXVW�EH�LQFOXGHG�WR�XVH�D�PRXVH�FRQWUROOHG�DQLP�

VKDSH�URERW�ZLWK
VFDODU�EDVHBURWDWLRQ� ����DUP�BDQJOH� ����DUP�BDQJOH� ���

LV
VKDSH�EDVH�LV

F\OLQGHU�ZLWK�HQG�� �������!��HQG�� ��������!��UDGLXV� ����HQG�
FRQH�ZLWK

HQG�� ��������!��UDGLXV�� ���
HQG�� ��������!��UDGLXV�� ����

HQG�
VSKHUH�ZLWK

PDWHULDO�LV�SODVWLF�FRORUHG�ZKLWH�
FHQWHU� ��������!��UDGLXV� ����

HQG�
HQG� ���EDVH

VKDSH�DUP
VFDODU�DQJOH�

LV
F\OLQGHU�ZLWK�HQG�� �������!��HQG�� �������!��UDGLXV� �����HQG�
F\OLQGHU�ZLWK�HQG�� ���������!��HQG�� ��������!��UDGLXV� �����HQG�
F\OLQGHU�ZLWK

HQG�� �������!��HQG�� �������!��UDGLXV� ����
URWDWH�E\�DQJOH�DURXQG�������!��PRYH�WR�������!�

HQG�
HQG� ���DUP

EDVH�ZLWK�PDWHULDO�LV�SODVWLF�FRORUHG�UHG��HQG�
DUP�DUP�BDQJOH�ZLWK

PDWHULDO�LV�SODVWLF�FRORUHG�EOXH�
PRYH�WR��������!�
URWDWH�E\�DUP�BDQJOH�DURXQG�������!�
URWDWH�E\�EDVHBURWDWLRQ�DURXQG�������!�
PRYH�WR��������!�

HQG�
HQG� ���URERW

DQLP�LQWHUDFWLYHBURERW�ZLWK
H\H� ��������!�
ORRNDW� �������!�

LV
LQWHJHU�DQJOH�BNH\� �FKDUBWRBNH\��M�� ��DQJOH��URWDWHV�DUP�DURXQG�EDVH�
LQWHJHU�UHYHUVHBDQJOH�BNH\� �FKDUBWRBNH\��X��
LQWHJHU�DQJOH�BNH\� �FKDUBWRBNH\��N�� ��DQJOH��UDLVHV�DUP�XS�DQG�GRZQ�
LQWHJHU�UHYHUVHBDQJOH�BNH\� �FKDUBWRBNH\��L��
LQWHJHU�DQJOH�BNH\� �FKDUBWRBNH\��O�� ��DQJOH��EHQGV�µHOERZ�¶
LQWHJHU�UHYHUVHBDQJOH�BNH\� �FKDUBWRBNH\��R��
VFDODU�DQJOH�� �����DQJOH�� �����DQJOH�� ����
&XVWRPL]LQJ�.H\ERDUG�&RQWUROV ���



7KH�7LPH�3URFHGXUH
8VH�WKH�TXHVWLRQ�SURFHGXUH��JHWBWLPH��WR�DWWDLQ�WKH�WLPH�IURP�WKH�V\VWHP�FORFN��
7KLV�PD\�EH�XVHIXO� WR� UHJXODWH� WKH� VSHHG�RI� UHDO�WLPH� DQLPDWLRQV� VR� WKDW� WKH\�
UXQ�FRQVLVWHQWO\�RQ�GLIIHUHQW�PDFKLQHV��7KH�WLPH�TXHVWLRQ�UHWXUQV�D�YHFWRU�WKDW�
FRQWDLQV� WKH� KRXUV��PLQXWHV�� DQG� VHFRQGV� DV� IORDWLQJ�SRLQW� YDOXHV�

7KH�UHVROXWLRQ�RI�WKH�WLPH�TXHVWLRQ�LV�V\VWHP�GHSHQGHQW�EHFDXVH�WKH�UHVROXWLRQ�
RI� V\VWHP�FORFNV�GLIIHU��8VXDOO\� LW� LV� DFFXUDWH� WR� �����RI� D� VHFRQG�

1RWH�WKDW�WKH�KRXUV��PLQXWHV�DQG�VHFRQGV�DUH�VFDODU��IORDWLQJ�SRLQW��YDOXHV��7KLV�
PHDQV�WKDW�LI�LW�LV������DP��IRU�H[DPSOH��WKH�QXPEHU�RI�KRXUV�FRXOG�EH�UHSRUWHG�
DV�����KRXUV��+RZHYHU��RQ� VRPH�V\VWHPV�� WKH�KRXUV� DQG�PLQXWHV�DUH� UHSRUWHG�
DV�LQWHJUDO�YDOXHV��DQG�RQO\�WKH�VHFRQGV�DUH�JLYHQ�IUDFWLRQDO�SUHFLVLRQ��7KLV�PHDQV�
WKDW�LI�\RX�ZHUH�WR�XVH�JHWBWLPH�WR�GUDZ�DQ�DQLPDWHG�UHDO�WLPH�FORFN��WKH�KRXU�
DQG�PLQXWH�KDQGV�PLJKW�PRYH�VPRRWKO\�RU�LQ�VWHSV��GHSHQGLQJ�RQ�\RXU�V\VWHP�
DQG�RQ�\RXU� LPSOHPHQWDWLRQ��,I�\RX�ZDQWHG�WR�HQVXUH� WKDW� WKH�KDQGV�PRYH� LQ�
VWHSV� WR�PDNH� WKH�FORFN� ¶WLFN·��\RX�ZRXOG�KDYH� WR� URXQG�RU� WUXQFDWH� IUDFWLRQDO�
YDOXHV� LQWR� LQWHJHUV�

YHUE�FKHFNBURERWBNH\V�LV
LI�NH\BGRZQ�DQJOH�BNH\�WKHQ

DQJOH�� �DQJOH������
HOVHLI�NH\BGRZQ�UHYHUVHBDQJOH�BNH\�WKHQ

DQJOH�� �DQJOH������
HOVHLI�NH\BGRZQ�DQJOH�BNH\�WKHQ

DQJOH�� �DQJOH������
HOVHLI�NH\BGRZQ�UHYHUVHBDQJOH�BNH\�WKHQ

DQJOH�� �DQJOH������
HOVHLI�NH\BGRZQ�DQJOH�BNH\�WKHQ

DQJOH�� �DQJOH������
HOVHLI�NH\BGRZQ�UHYHUVHBDQJOH�BNH\�WKHQ

DQJOH�� �DQJOH������
HQG�

HQG� ���FKHFNBURERWBNH\V

SLFWXUH�VFHQH�LV
GLVWDQWBOLJKW�IURP���������!�
URERW�ZLWK

EDVHBURWDWLRQ� �DQJOH���DUP�BDQJOH� �DQJOH���DUP�BDQJOH� �DQJOH��
HQG�

HQG� ���VFHQH

���1RZ��WKH�NH\ZRUG�GRLQJ�FDQ�EH�XVHG�WR�UXQ�FKHFNBURERWBNH\V
���ZKLOH�XVLQJ�D�PRXVH�FRQWUROOHG�DQLP�
PRXVHBFRQWUROOHGBSLFWXUH�VFHQH�GRLQJ�FKHFNBURERWBNH\V�

HQG� ���LQWHUDFWLYHBURERW

)LJXUH������7KH�7LPH�3URFHGXUH

YHFWRU�TXHVWLRQ�JHWBWLPH�

/LVWLQJ�������$�.H\ERDUG�&RQWUROOHG�5RERW���&RQWLQXHG�
��� $QLPDWLRQ



$
QLP

DWLRQ
/LVWLQJ�������7LPH�&RQWUROOHG�&ORFN�$QLPDWLRQ�

GR�FORFNBDQLP�

LQFOXGH���G�RUHV��
LQFOXGH��WLPH�RUHV�� ���


��WLPH�RUHV��PXVW�EH�LQFOXGHG�WR�XVH�WKH�JHWBWLPH�SURFHGXUH�



LQFOXGH��DQLPV�RUHV��

VKDSH�FORFNBIDFH�LV
GLVN�ZLWK�QRUPDO� �������!��HQG�
F\OLQGHU�ZLWK�HQG�� �������!��HQG�� ���������!��UDGLXV� ������HQG�

���KRXU�PDUNV�
IRU�LQWHJHU�FRXQW� �������GR

EORFN�ZLWK
PDJQLI\�E\�����VFDOH�E\����DORQJ�������!�
PRYH�WR��������!�
URWDWH�E\�FRXQW�
����������DURXQG�������!�
PDWHULDO�LV�FKDON�FRORUHG�JUH\�

HQG�
HQG�

HQG� ���FORFNBIDFH

VKDSH�FORFN�ZLWK
YHFWRU�WLPH� �������!�

LV
VFDODU�KRXUV� �WLPH�[��PLQXWHV� �WLPH�\��VHFRQGV� �WLPH�]�

���FORFNBERG\
WRUXV�ZLWK

LQQHUBUDGLXV� ������RXWHUBUDGLXV� ������QRUPDO� �������!�
PDWHULDO�LV�JROGHQ�

HQG�
FORFNBIDFH�ZLWK�PDWHULDO�LV�SODVWLF�FRORUHG�ZKLWH��HQG�

���KDQGV
WULDQJOH���������!��������!��������!�ZLWK�

URWDWH�E\�KRXUV������
�����DURXQG�������!��PRYH�WR���������!��
FRORU� �PDJHQWD�

HQG� ���KRXU�KDQG
WULDQJOH����������!���������!��������!�ZLWK�

URWDWH�E\�PLQXWHV������
�����DURXQG�������!��PRYH�WR����������!��
FRORU� �EOXH�

HQG� ���PLQXWH�KDQG
WULDQJOH�����������!����������!��������!�ZLWK�

URWDWH�E\�VHFRQGV������
�����DURXQG�������!��PRYH�WR���������!��
FRORU� �UHG�

HQG� ���VHFRQG�KDQG
HQG� ���FORFN

SLFWXUH�FORFNBSLFWXUH�LV
GLVWDQWBOLJKW�IURP����������!��
FORFN�ZLWK�WLPH� �JHWBWLPH��HQG��

HQG� ���FORFNBSLFWXUH

DQLP�FORFNBDQLP�ZLWK
H\H� ��������!�

LV
PRXVHBFRQWUROOHGBSLFWXUH�FORFNBSLFWXUH�

HQG� ���FORFNBDQLP
7KH�7LPH�3URFHGXUH ���



��� $QLPDWLRQ



*ORVVDU\
$
$JJUHJDWH�6KDSH
$Q� DJJUHJDWH� VKDSH� LV� D� VKDSH� WKDW� LV
GHILQHG�E\� WKH�XVHU� WR�EH�FRPSRVHG�RI
D� QXPEHU� RI� SULPLWLYH� VKDSHV� RU� RWKHU
DJJUHJDWH� VKDSHV�� 3ULPLWLYH� VKDSHV� DUH
WKH� EXLOW�LQ� VKDSHV� WKDW� DUH� QRW� XVHU�
GHILQHG� DQG� FDQ� QRW�EH� FKDQJHG�

$OLDVLQJ
$Q� DUWLIDFW� UHVXOWLQJ� IURP� WKH� IDFW� WKDW
LPDJHV�DUH�UHSUHVHQWHG�E\�FRPSXWHUV�DV
D�JULG�RI�SL[HO�YDOXHV��,GHDOO\��HDFK�SL[HO
YDOXH�VKRXOG�UHSUHVHQW�WKH�H[DFW�DYHUDJH
LQWHQVLW\� RI� DOO� RI� WKH� FRORUV� WKDW� OLH� LQ
WKH� SL[HO�� +RZHYHU�� FRPSXWHU� JUDSKLFV
W\SLFDOO\�RQO\�VDPSOH�DQ�LPDJH�RQFH�SHU
SL[HO��VR�QRWLFHDEOH�DUWLIDFWV�RIWHQ�RFFXU�
6XFK� DUWLIDFWV� DUH� FDOOHG�DOLDVLQJ�

2QH� FRPPRQ� DUWLIDFW� LV� D� VWDLUFDVH
HIIHFW�� RIWHQ� FDOOHG� WKH� MDJJLHV�� WKDW� LV
QRWLFHDEOH� DORQJ� GLDJRQDO� OLQHV� DQG
HGJHV��$QRWKHU� DUWLIDFW� RFFXUV�ZKHQ� DQ
LPDJH� KDV� D� UHSHWLWLRXV� SDWWHUQ� WKDW� LV
ILQHU�WKDQ�WKH�JULG�RI�SL[HOV�WKDW�DUH�XVHG
WR�UHSUHVHQW� LW��,Q�WKLV�FDVH��WKH�GLVFUHWH

VDPSOLQJ�DW�SL[HOV� FDXVHV� ODUJH��REYLRXV
SDWWHUQV�WR�EH�YLVLEOH�EHFDXVH�RI�D�VSDWLDO
UHVRQDQFH�WKDW�RFFXUV�EHWZHHQ�WKH�SL[HO
JULG� DQG� WKH�SDWWHUQ� LQ� WKH� LPDJH�

$PELHQW�/LJKW
$PELHQW� OLJKW� LV� WKH� GLIIXVH�� VFDWWHUHG
OLJKW�WKDW�FRPHV�IURP�DOO�GLUHFWLRQV�DQG
LOOXPLQDWHV� VKDSHV� UHJDUGOHVV� RI� WKH
RULHQWDWLRQ�RU�ORFDWLRQ�RI�WKHLU�VXUIDFHV�
$PELHQW�OLJKW�LV�WKH�UHDVRQ�WKDW�VXUIDFHV
LQ� VKDGRZ� DUH� QRW� SHUIHFWO\� GDUN�
6XUIDFHV� UHFHLYH� OLJKW� VFDWWHUHG� E\� DOO
RWKHU� QHDUE\� VKDSHV� DQG� WKH\�
WKHPVHOYHV��VFDWWHU�OLJKW�WR�FRQWULEXWH�WR
WKH� DPELHQW� OLJKWLQJ�RI�RWKHU� VKDSHV�
2XWHU� VSDFH� LV� D� VHWWLQJ� ZKHUH� WKHUH� LV
YHU\� OLWWOH� DPELHQW� OLJKW� EHFDXVH� WKHUH
DUH� IHZ� QHDUE\� VKDSHV� DQG� QR
DWPRVSKHUH� WR� VFDWWHU� OLJKW�� :KHQ� \RX
ORRN� DW� WKH� PRRQ�� WKH� GDUN� VLGH� RIWHQ
DSSHDUV� FRPSOHWHO\� EODFN� EHFDXVH� WKH
RQO\� RWKHU� VXEVWDQWLDO� VKDSH� DURXQG� WR
VFDWWHU�WKH�VXQ·V�OLJKW�EDFN�WR�WKH�PRRQ
LV� WKH�(DUWK�

$QDJO\SK
7KH� DQDJO\SK� WHFKQLTXH� LV� XVHG� WR
SUHVHQW� VWHUHR� LPDJHV� E\� FRPSRVLWLQJ
*ORVVDU\ ���



WZR� FRPSOLPHQWDU\�FRORUHG� LPDJHV� DQG
XVLQJ� FRORUHG� ILOWHUV� RYHU� WKH� H\HV� WR
VHSDUDWH� WKHP�� 7KLV� WHFKQLTXH� ZDV
SRSXODU�LQ�WKH�PRYLHV�RI�WKH�����V��7KH
�'� HIIHFW� LV� DFKLHYHG� E\� SUHVHQWLQJ� D
VOLJKWO\�GLIIHUHQW� LPDJH� WR� WKH� ULJKW� DQG
OHIW� H\HV�� 7ZR� JUH\�VFDOH� LPDJHV� DUH
WLQWHG� E\� WZR� FRPSOLPHQWDU\� FRORUV�
FRPPRQO\� EOXH� DQG� UHG�� DQG� WKHQ
FRPELQHG�VR�WKH\�RYHUODS�RQ�WKH�VFUHHQ�
7KHQ�� WKH� LPDJHV� DUH� VHSDUDWHG� DJDLQ
ZLWK� FRORUHG� JODVVHV� VR� HDFK� H\H� VHHV
MXVW� RQH� RI� WKH� LPDJHV�� 7KLV� WHFKQLTXH
GRHV�KDYH�GUDZEDFNV�� LW� FDQQRW�SUHVHQW
�'�LPDJHV�LQ�IXOO�FRORU��DQG�GLIIHUHQWO\�
FRORUHG� ILOWHUV� WHQG� WR� FDXVH� H\HVWUDLQ�

$UJXPHQW
,Q� D� PDWKHPDWLFDO� VHQVH�� DUJXPHQWV� DUH
WKH� YDOXHV� SDVVHG� LQWR� D� IXQFWLRQ�� )RU
H[DPSOH�� LQ� WKH� IXQFWLRQ� FDOO�� VLQ� �����
WKH� DUJXPHQW� RI� WKH� IXQFWLRQ� LV� ���� ,Q
20$5�� DUJXPHQWV� WR� SURFHGXUHV� DUH
W\SLFDOO\� FDOOHG� SDUDPHWHUV�� 3URJUDP
DUJXPHQWV�DUH� WKH� WH[W�FRPPDQGV�SDVVHG
LQWR�D�SURJUDP�IURP�D�FRPPDQG�OLQH�RU
+70/� FRGH�

%
%XPS�0DSSLQJ
%XPS� PDSSLQJ� LV� D� WHFKQLTXH� WKDW� LV
XVHG�WR�PRGLI\�D�VXUIDFH·V�SURSHUWLHV� LQ
VXFK� D� ZD\� DV� WR�PDNH� LW� ORRN� EXPS\�
,QVWHDG� RI� DFWXDOO\� FKDQJLQJ� WKH
JHRPHWU\� RI� D� VXUIDFH�� KRZHYHU�� EXPS
PDSSLQJ� ZRUNV� E\� SHUWXUELQJ� WKH
HIIHFWLYH� QRUPDOV� RI� WKH� VXUIDFH��:KHQ
VKDGLQJ� LV� FDOFXODWHG� IRU� WKH� VXUIDFH�
WKHQ��WKH�SHUWXUEHG�QRUPDOV�DUH�XVHG�WR
FDOFXODWH� UHIOHFWDQFH� LQVWHDG� RI� DFWXDO
QRUPDOV�� 7KLV� KDV� WKH� HIIHFW� RI�PDNLQJ
D� VXUIDFH� VKDGH� DV� LI� LW� ZHUH� EXPS\
ZLWKRXW� DFWXDOO\� FKDQJLQJ� WKH� VKDSH� RI
WKH� XQGHUO\LQJ�REMHFW�

&
&RQFDYH
$� FORVHG� WZR� RU� WKUHH�GLPHQVLRQDO
VKDSH�KDV�WKH�SURSHUW\�RI�EHLQJ�FRQFDYH
LI�D�OLQH�FDQ�SDVV�WKURXJK�WKH�VKDSH�DQG
LQWHUVHFW� LW� LQ� PRUH� WKDQ� WZR� SRLQWV�
&RQFDYH�VKDSHV�FDQ�EH�VDLG�WR�¶FXUYH�LQ
RQ� WKHPVHOYHV�·� $Q\� VKDSH� ZLWK� DQ
LQGHQWDWLRQ� LV� FRQFDYH�� )RU� H[DPSOH�� D
WZR�GLPHQVLRQDO� PRRQ� VKDSH� LV
FRQFDYH��$� WRUXV� DQG� D� ERZO� VKDSH� DUH
FRQFDYH� VKDSHV�� 6KDSHV� WKDW� DUH� QRW
FRQFDYH� DUH�� E\�GHILQLWLRQ�� FRQYH[�

&RQYH[
$� FRQYH[� VKDSH� LV� DQ\� FORVHG� WZR� RU
WKUHH�� GLPHQVLRQDO� VKDSH� WKDW� QHYHU
FXUYHV� LQ� RQ� LWVHOI� RU� KDV� DQ\� LQGHQWD�
WLRQV�� ,I�D� OLQH�SDVVHV� WKURXJK�D�FRQYH[
VKDSH�� WKHQ� LW� ZLOO� DOZD\V� LQWHUVHFW� WKH
VKDSH� LQ� H[DFWO\� WZR� SRLQWV�� ([DPSOHV
RI� FRQYH[� VKDSHV� DUH� FLUFOHV�� VSKHUHV
DQG� FXEHV�� $� PLUURU� ZKRVH� VXUIDFH
EXOJHV� RXW� VOLJKWO\� LV� FDOOHG� D� FRQYH[
PLUURU��6KDSHV� WKDW� DUH�QRW� FRQYH[�DUH�
E\�GHILQLWLRQ�� FRQFDYH�

&RRUGLQDWHV
&RRUGLQDWHV� DUH� D� VHW� RI� QXPEHUV� WKDW
XQLTXHO\� VSHFLI\� D� SRLQW·V� ORFDWLRQ� LQ
VSDFH� UHODWLYH� WR� D� FHUWDLQ� IUDPH� RI
UHIHUHQFH�� 7KH� IUDPH� RI� UHIHUHQFH� LV
FDOOHG� WKH� FRRUGLQDWH� V\VWHP� DQG� PD\� EH
WKRXJKW� RI� DV� D� VHW� RI� RUWKRJRQDO� D[HV
WKDW�FRPH�WRJHWKHU�DW�D�SRLQW�FDOOHG�WKH
RULJLQ�� (DFK� FRRUGLQDWH� LQGLFDWHV� WKH
GLVWDQFH�EHWZHHQ� D�SDUWLFXODU�SRLQW� DQG
WKH� RULJLQ� DORQJ� RQH� RI� WKH� D[HV�� 7KH
QXPEHU� RI� D[HV� DQG� WKH� QXPEHU� RI
FRRUGLQDWHV� DUH� GHWHUPLQHG� E\� WKH
QXPEHU�RI� GLPHQVLRQV�
��� *ORVVDU\



&URVV�3URGXFW
7KH� FURVV� SURGXFW� LV� D� PDWKHPDWLFDO
RSHUDWLRQ� WKDW� LV� GHILQHG� EHWZHHQ� WZR
WKUHH��GLPHQVLRQDO�YHFWRUV��7KH�UHVXOW�LV
D� QHZ� YHFWRU� WKDW� LV� SHUSHQGLFXODU� WR
ERWK� RI� WKH� RWKHU� WZR� YHFWRUV�� 7KH
OHQJWK��PDJQLWXGH��RI�WKH�FURVV�SURGXFW
LV�HTXDO�WR�WKH�SURGXFW�RI�WKH�OHQJWKV�RI
WKH� WZR� RSHUDQGV� WLPHV� WKH� VLQH� RI� WKH
DQJOH�EHWZHHQ�WKHP��7KH�FURVV�SURGXFW
LV� VRPHWLPHV� FDOOHG� WKH� YHFWRU� SURGXFW
EHFDXVH�WKH�UHVXOW�LV�D�YHFWRU��7KH�FURVV
SURGXFW� LV� FDOFXODWHG� DV� IROORZV�

YHFWRU����D�E�F�
YHFWRU����G�H�I�

YHFWRU��FURVV�YHFWRU�� ��L�M�N�
ZKHUH
L� ��E�I�����H�F�
M� ��F�G�����D�I�
N� ��D�H�����E�G�

'
'RW�3URGXFW
7KH� GRW� SURGXFW� LV� D� PDWKHPDWLFDO
RSHUDWLRQ�WKDW�LV�GHILQHG�IRU�WZR�YHFWRUV
RI� DQ\� GLPHQVLRQ�� 7KH� UHVXOW� RI� D� GRW
SURGXFW� LV� DOZD\V� D� VFDODU�� VR� WKH� GRW
SURGXFW� LV� VRPHWLPHV� FDOOHG� WKH� VFDODU
SURGXFW�� *HRPHWULFDOO\�� WKH� OHQJWK� RI
WKH�GRW�SURGXFW� LV� HTXDO� WR� WKH�SURGXFW
RI�WKH�PDJQLWXGHV�RI�WKH�RSHUDQGV�WLPHV
WKH� FRVLQH� RI� WKH� DQJOH� EHWZHHQ� WKHP�
7KH� GRW�SURGXFW� RI� D� YHFWRU�ZLWK� LWVHOI
LV�WKHUHIRUH�HTXDO�WR�VTXDUH�RI�LWV�OHQJWK�
7R� FRPSXWH� WKH� GRW� SURGXFW�� \RX
FRPSXWH� WKH� SURGXFW� RI� HDFK
FRPSRQHQW�RI�RQH�YHFWRU�DQG�WKH�FRUUH�
VSRQGLQJ� FRPSRQHQW� RI� WKH� RWKHU
YHFWRU� DQG� VXP� WKHP� DOO� WRJHWKHU�� )RU
WZR� WKUHH�GLPHQVLRQDO� YHFWRUV�� \RX
FRPSXWH� WKH�'RW�3URGXFW� DV� IROORZV�

YHFWRU��������X��X��X��
YHFWRU��������Y��Y��Y��

YHFWRU��GRW�YHFWRU�� 
�X��
�Y������X��
�Y������X��
�Y��

'RXEOH�%XIIHU
'RXEOH� EXIIHULQJ� LV� D� WHFKQLTXH� WKDW
HQDEOHV� DQLPDWLRQV� WR�EH�GLVSOD\HG�DV� D
VPRRWKO\� FKDQJLQJ� VHTXHQFH� RI
FRPSOHWHG� LPDJHV�� :LWKRXW� WKH� GRXEOH
EXIIHU��\RX�ZRXOG�VHH�HDFK�LPDJH�LQ�WKH
VHTXHQFH�DV� WKH�FRPSXWHU� LV�GUDZLQJ� LW�
,I� WKH� LPDJHV� WDNH� D� QRWLFHDEOH� DPRXQW
RI� WLPH� WR� GUDZ�� WKHQ� \RX� FRXOG�ZDWFK
HDFK� LPDJH�EHLQJ�FUHDWHG��,I� WKH� LPDJHV
FDQ� EH� UDSLGO\� GUDZQ�� WKHQ� \RX� ZRXOG
VHH� D� IOLFNHULQJ� DV� WKH� VFUHHQ� LV� FOHDUHG
DQG� HDFK�QHZ� LPDJH� LV� TXLFNO\� FUHDWHG�

7KH� GRXEOH� EXIIHU� WHFKQLTXH� HOLPLQDWHV
WKHVH�GLVWUDFWLQJ�HIIHFWV�DQG�HQDEOHV�\RX
WR�GLVSOD\�RQO\�WKH�ILQLVKHG�LPDJH�RQ�WKH
VFUHHQ�� 7KH� LPDJH� WKDW� \RX� VHH� RQ� WKH
VFUHHQ� LV� DFWXDOO\� KHOG� LQ� D� EORFN� RI
PHPRU\�NQRZQ�DV�WKH�IURQW�EXIIHU��:KLOH
\RX� YLHZ� WKH� IURQW� EXIIHU�� WKH� QH[W
LPDJH� LQ� WKH� VHTXHQFH� LV� DVVHPEOHG� E\
WKH�FRPSXWHU�LQ�D�VHFRQG��KLGGHQ�EXIIHU
WKDW� LV� FDOOHG� WKH� EDFN� EXIIHU��:KHQ� WKDW
LPDJH� LV� FRPSOHWH�� WKH� IURQW� DQG� EDFN
EXIIHUV�DUH�TXLFNO\�VZDSSHG�VR�WKDW�\RX
FDQ� VHH� WKH� QHZ� LPDJH� LQ� WKH� IURQW
EXIIHU�DQG�\RX�FDQ�FOHDU�WKH�EDFN�EXIIHU
IRU� WKH�QH[W� LPDJH�

(
(GJH
$Q� HGJH� LV� WKH� OLQH� WKDW� MRLQV� WZR
YHUWLFHV� WRJHWKHU� DQG� WKH� SODFH� ZKHUH
WZR� IDFHV� FRPH� WRJHWKHU�� $OO� RI� WKH
HGJHV� RI� SRO\JRQV� DQG� RWKHU� IDFHWHG
SULPLWLYHV� VXFK� DV� WULDQJOHV� DQG�PHVKHV
DUH�GHILQHG�WR�EH�VWUDLJKW� OLQHV� LQ�WKUHH�
GLPHQVLRQDO� VSDFH�� ,I� WZR� VKDSHV
LQWHUVHFW��WKHQ�QHZ�HGJHV�ZLOO�EH�IRUPHG
ZKHUH�WKH\�LQWHUVHFW��,I�\RXU�PRGHOV�DUH
DOO� UHSUHVHQWHG� DV� IDFHWHG� SRO\KHGUD�
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WKHQ� DOO� HGJHV�ZLOO� EH� VWUDLJKW� OLQHV� DQG
WKHUHIRUH�DOO�RI�WKH�VLOKRXHWWH�HGJHV�DQG
LQWHUVHFWLRQ� HGJHV� ZLOO� DOVR� EH� VWUDLJKW
OLQHV�� ,I� XQIDFHWHG� PRGHOV� VXFK� DV
VSKHUHV�DQG�F\OLQGHUV�DUH�XVHG��WKHQ�WKH
VLOKRXHWWH� HGJHV� DQG� LQWHUVHFWLRQ� HGJHV
ZLOO� EH� FXUYHV�� :KHWKHU� WKH� HGJHV
DSSHDU� DV� VWUDLJKW� OLQHV� RQ� WKH� VFUHHQ
GHSHQGV� XSRQ� WKH� SURMHFWLRQ� WKDW� LV
XVHG�

([WUXVLRQ
$Q� H[WUXVLRQ� LV� D� VKDSH� WKDW� LV� FUHDWHG
E\� PRYLQJ� D� WZR�GLPHQVLRQDO� VKDSH
WKURXJK� D� SDWK� LQ� VSDFH�� 7KH� WKUHH�
GLPHQVLRQDO�VKDSH�WKDW�UHVXOWV�LV�NQRZQ
DV� DQ� H[WUXVLRQ� DIWHU� WKH� IDEULFDWLRQ
SURFHVV� ZKHUH� PDWHULDO� LV� IRUFHG� RXW
WKURXJK�D�VSHFLDOO\�VKDSHG�KROH�LQ�D�GLH�
([WUXVLRQV� DUH� FRPPRQO\� XVHG� WR
SURGXFH� �'� OHWWHUV� IRU� ORJRV�

)
)DFHW
)DFHWV� DUH� SRO\JRQDO� IDFHV� WKDW� FDQ� EH
XVHG�WR�UHSUHVHQW�WKH�VXUIDFHV�RI�VKDSHV�
&XUYHG� VXUIDFHV� FDQ� QRW� EH� SHUIHFWO\
UHSUHVHQWHG� E\� WKH� IODW� IDFHWV� EXW� PD\
RQO\� EH� DSSUR[LPDWHG�� 7KH� UHDVRQ� WKDW
IDFHWV� DUH� XVHG� WR� UHSUHVHQW� FXUYHG
VXUIDFHV�LV�EHFDXVH�WKH�PDWKHPDWLFV�WKDW
DUH�XVHG�LV�VLPSOHU��OLQHDU�HTXDWLRQV��DQG
IDVWHU�WR�VROYH�WKDQ�WKH�PDWKHPDWLFV�IRU
SHUIHFWO\� FXUYHG� VXUIDFHV�

)LHOG�2I�9LHZ
7KH� ILHOG� RI� YLHZ� LV� D�PHDVXUH� RI� KRZ
PXFK�RI�\RXU�VXUURXQGLQJV�\RX�FDQ�VHH
DW� RQFH�� 8VXDOO\�� WKH� ILHOG� RI� YLHZ� LV
UHSUHVHQWHG�DV�DQ�DQJOH�DFURVV�\RXU�ILHOG
RI� YLVLRQ�� )RU� H[DPSOH�� WKH� YROXPH� RI
VSDFH� WKDW� \RX� FDQ� VHH� ZLWK� RQH� H\H
IRUPV�D�FRQH�H[WHQGLQJ�RXW�LQILQLWHO\�IDU
LQWR� VSDFH� ZLWK� \RXU� H\H� DW� WKH� DSH[�

7KH� ILHOG� RI� YLHZ� LV� WKH� DQJOH� EHWZHHQ
WZR� RSSRVLWH� VLGHV� RI� WKH� FRQH�� ,Q� D
FDPHUD� RU� FRPSXWHU� JUDSKLF�� WKH� ILHOG
RI� YLHZ� LV� XVXDOO\� PRUH� RI� D� S\UDPLG
VKDSH�� VR� WKH� ILHOG� RI� YLHZ� LV�PHDVXUHG
DV� WKH�DQJOH�EHWZHHQ�RSSRVLWH� HGJHV�RI
WKH� S\UDPLG�� 7KH� H[DFW� VKDSH� RI� WKH
YLHZLQJ� UHJLRQ� GHSHQGV� XSRQ� WKH
SURMHFWLRQ� WKDW� LV� XVHG�

)ODW�6KDGLQJ
)ODW� VKDGLQJ� KDV� WZR� UHODWHG� PHDQLQJV
LQ� FRPSXWHU� JUDSKLFV� WKDW� DUH� RIWHQ
FRQIXVHG��7KH� ILUVW�PHDQLQJ� UHIHUV� WR� D
UHQGHULQJ� WHFKQLTXH�� DOVR� FDOOHG� IDFH
VKDGLQJ�� ZKHUHE\� WKH� UHQGHUHU� GHSLFWV
VXUIDFHV� DV� D� FROOHFWLRQ� RI� IDFHWV�ZKHUH
HDFK� IDFHW� LV� D� FRQVWDQW� FRORU�� 7KH
VHFRQG� PHDQLQJ� KDV� WR� GR� ZLWK� WKH
OLJKWLQJ� PRGHO� WKDW� LV� XVHG� LQ� WKH
VKDGLQJ� FDOFXODWLRQV� DQG� PHDQV� WKDW� D
GLIIXVH��/DPEHUWLDQ� OLJKWLQJ�PRGHO� LV� LQ
XVH�� ZKLFK� JLYHV� WKH� VXUIDFHV� D� GXOO�
FKDON\� DSSHDUDQFH�

)RFDO�3RLQW
7KH� IRFDO� SRLQW� LV� WKH� SUHFLVH� ORFDWLRQ
ZKHUH� WKH� OLJKW� IURP� WKH� RXWVLGH
XQLYHUVH� LV� EURXJKW� WRJHWKHU� WR� D� SRLQW
E\� D� OHQV� RU� PLUURU� WR� IRUP� DQ� LPDJH�
$IWHU�FRPLQJ�WRJHWKHU�DW�WKH�IRFDO�SRLQW�
WKH� OLJKW� GLYHUJHV� RQWR� D� UHFRUGLQJ
PHGLXP�VXFK�DV�ILOP�LQ�D�FDPHUD�RU�WKH
UHWLQD� LQ�WKH�H\H��7KH�OHQV� LQ�WKH�PRGHO
XVHG� E\� FRPSXWHU� JUDSKLFV� LV� D� SRLQW�
OLNH�LQ�D�SLQKROH�FDPHUD��VR�WKH�ORFDWLRQ
RI� WKH� H\H� LV� HIIHFWLYHO\� WKH� IRFDO� SRLQW
RI� WKH� OHQV�

)UDFWDO
$�IUDFWDO�LV�D�VKDSH�WKDW�KDV�WKH�SURSHUW\
RI�VHOI�VLPLODULW\��PHDQLQJ�WKDW�LW�UHYHDOV
WKH� VDPH� JHQHUDO� SDWWHUQ� DW� DOO� VFDOHV�
7KH� IUDFWDO� VKDSH� FRQWDLQV� WLQ\� FRSLHV
RI� LWVHOI� DQG� WKRVH� FRSLHV� HDFK� FRQWDLQ
WLQLHU� FRSLHV� RI� WKH� VDPH� VKDSH� DG
��� *ORVVDU\



LQILQLWXP�� ,I� \RX� PDJQLI\� D� SRUWLRQ� RI
WKH�IUDFWDO��WKHQ�\RX�VHH�WKH�VDPH�VKDSH
QR�PDWWHU�KRZ�PXFK�PDJQLILFDWLRQ�\RX
XVH��$�IDPRXV�H[DPSOH�RI�IUDFWDOV�LV�WKH
0DQGOHEURW� VHW�� DQ� H[TXLVLWHO\� LQWULFDWH
WZR�GLPHQVLRQDO� PDWKHPDWLFDO� VKDSH�
7KUHH�GLPHQVLRQDO� VKDSHV� FDQ� EH
IUDFWDOV� DV�ZHOO�

*
*OREDO�,OOXPLQDWLRQ
*OREDO� LOOXPLQDWLRQ� LV� D� QDPH� IRU� DOO
WHFKQLTXHV�WKDW�DUH�XVHG�WR�FRPSXWH�WKH
DSSHDUDQFH�RI�D�VKDSH�E\�ORRNLQJ�DW�WKH
HIIHFWV� RI� LWV� VXUURXQGLQJV�� 7KHUH� DUH� D
QXPEHU� RI� ZD\V� WKDW� WKH� HQYLURQPHQW
RI� D� VKDSH� FDQ� FKDQJH� LWV� DSSHDUDQFH�
DQG� DOO� FRPH� XQGHU� WKH� WRSLF� RI� JOREDO
LOOXPLQDWLRQ��

2QH� ZD\� LV� WKURXJK� UHIOHFWLRQ� DQG
UHIUDFWLRQ��6KLQ\�VKDSHV�WKDW�UHIOHFW�WKHLU
VXUURXQGLQJV� DQG� WUDQVSDUHQW� VKDSHV
WKDW� WUDQVPLW� OLJKW� IURP� WKHLU
VXUURXQGLQJV� FDQ� EH� VLPXODWHG� E\� WKH
SURFHVV�RI�UD\�WUDFLQJ��$QRWKHU�ZD\�WKDW
VKDSHV� FDQ� EH� DIIHFWHG� E\� WKHLU
HQYLURQPHQW� LV� E\� VKDSHV� LOOXPLQDWLQJ
HDFK� RWKHU� WKURXJK� GLIIXVH� UHIOHFWLRQ�
7KLV� SURFHVV� FDQ� EH� VLPXODWHG� LQ
FRPSXWHU� JUDSKLFV� E\� D� WHFKQLTXH
NQRZQ� DV� UDGLRVLW\��*OREDO� LOOXPLQDWLRQ
WHFKQLTXHV�DUH�PRUH�FRVWO\� DQG�GLIILFXOW
WR�LPSOHPHQW�EHFDXVH�WKH\�PXVW�EH�DEOH
WR� DFFHVV� DQ\� SRUWLRQ� RI� WKH� HQWLUH
GDWDEDVH� RI� WKH� VFHQH� LQ� RUGHU� WR
FRPSXWH� WKH� VKDGLQJ�RQ� DQ\� VXUIDFH��

*RXUDXG�6KDGLQJ
*RXUDXG� VKDGLQJ�� DOVR� NQRZQ� DV� YHUWH[
VKDGLQJ�� LV� D� WHFKQLTXH� GHYHORSHG� E\
+HQUL� *RXUDXG� WR� UHQGHU� VPRRWKO\
VKDGHG� FXUYHG� VXUIDFHV� IURP� D� IDFHWHG
UHSUHVHQWDWLRQ��*RXUDXG� VKDGLQJ�ZRUNV

E\� EOHQGLQJ� WKH� FRORU� VPRRWKO\� DFURVV
WKH� IDFHWV� XVLQJ� D� OLQHDU� LQWHUSRODWLRQ
EHWZHHQ� WKH� HGJHV� RI� WKH� IDFHW�� 7KH
EHQHILW� RI�*RXUDXG� VKDGLQJ� LV� WKDW� WKH
VKDSH�KDV� D� VPRRWK� DSSHDUDQFH� LQVWHDG
RI� D� IDFHWHG� DSSHDUDQFH� DQG� LW� FDQ� VWLOO
EH�UHQGHUHG�TXLFNO\�EHFDXVH�WKH�PDWKH�
PDWLFV� IRU� WKH� VXUIDFH� LV� OLQHDU�

8QIRUWXQDWHO\�� WKH� ZD\� WKDW� *RXUDXG
VKDGLQJ� EOHQGV� FRORU� GRHVQ·W� SHUIHFWO\
PDWFK�WKH�ZD\�WKH�FRORU�FKDQJHV�DFURVV
DFWXDO� FXUYHG� VXUIDFHV�� VR� *RXUDXG
VKDGLQJ� VWLOO� FDXVHV� YLVLEOH� DUWLIDFWV�� ,Q
DGGLWLRQ�� VLQFH� XQGHUO\LQJ� VXUIDFH
JHRPHWU\� LV� VWLOO� IDFHWHG�� WKH� VLOKRXHWWH
HGJHV� RI� VXUIDFHV� JLYH� DZD\� WKHLU
SRO\JRQDO� UHSUHVHQWDWLRQ�

+
+LHUDUFKLFDO�*HRPHWU\
+LHUDUFKLFDO� JHRPHWU\� LQ� D� JUDSKLFDO
GDWDEDVH� LV� WKH� JURXSLQJ�RI� VKDSHV� LQWR
DJJUHJDWH� VKDSHV�� 7KH� KLHUDUFK\� FDQ� EH
LPDJLQHG� DV� D� WUHH� ZLWK� WKH� SLFWXUH
REMHFW� �WKH� HQWLUH� VFHQH�� DV� WKH� URRW
VKDSH� DQG� WKH� SULPLWLYH� VKDSHV� DW� WKH
OHDYHV�

,
,PDJH�3ODQH
7KH� LPDJH� SODQH� LV� WKH� VXUIDFH� WKDW� DQ
LPDJH� LV� SURMHFWHG� RQWR� DIWHU� OLJKW� UD\V
DUH� IRFXVHG� WKURXJK� D� IRFDO� SRLQW� E\� D
OHQV�� 7KH� LPDJH� SODQH� LV� XVXDOO\� D� IODW
VXUIDFH� LQ� �'� JUDSKLFV�� DV� LQ� D� UHDO
FDPHUD� ZKHUH� WKH� LPDJH� SODQH� LV� WKH
VXUIDFH� RI� WKH� ILOP�� ,Q� VRPH� V\VWHPV�
KRZHYHU�� WKH� LPDJH� SODQH� LV� DFWXDOO\� D
FXUYHG� VXUIDFH�� ,Q� \RXU� H\HV�� IRU
LQVWDQFH��WKH�LPDJH�SODQH�LV�WKH�VSKHULFDO
VXUIDFH� RI� WKH� UHWLQD�
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,QWHUSRODWLRQ
,QWHUSRODWLRQ� LV� D� WHFKQLTXH� IRU
HVWLPDWLQJ� ZKDW� VRPH� LQWHUPHGLDWH
YDOXHV�DUH��JLYHQ�NQRZQ�YDOXHV�DW�QHDUE\
SRLQWV��,QWHUSRODWLRQ�LV�XVHG�LQ�*RXUDXG
�YHUWH[�� VKDGLQJ�� ZKLFK� HYDOXDWHV
VKDGLQJ� SUHFLVHO\� RQO\� DW� YHUWLFHV� DQG
HVWLPDWHV� WKH� FRORUV� EHWZHHQ� WKH
YHUWLFHV� E\� LQWHUSRODWLQJ� IURP� WKH
NQRZQ� FRORUV� DW� WKH� YHUWLFHV�� )RU
H[DPSOH�� LI� WKH�FRORU� LV�GDUN� UHG�DW�RQH
YHUWH[� DQG� ZKLWH� DW� DQRWKHU�� WKHQ� LW� LV
YHU\�OLNHO\�WKDW�WKH�FRORU�LQ�EHWZHHQ�WKH
WZR� YHUWLFHV� VKRXOG� EH� D� VPRRWK
JUDGDWLRQ� IURP�GDUN� UHG� WR� UHG� WR� OLJKW
UHG� WR�ZKLWH�

,QWHUSRODWLRQ� VRPHWLPHV� IDLOV� EHFDXVH
WKH� WKLQJ� WKDW� \RX� DUH� LQWHUSRODWLQJ
FKDQJHV� YHU\� UDSLGO\� DQG� DEUXSWO\
EHWZHHQ� WKH� SRLQWV� WKDW� \RX� DUH
VDPSOLQJ��)RU�H[DPSOH�� LI� WKH�VXUIDFH� LV
WH[WXUHG� ZLWK� D� ILQH� SDWWHUQ�� WKHQ
VPRRWKLQJ� WKH� FRORU� EHWZHHQ� WKH
YHUWLFHV�ZLOO�QRW�JLYH�\RX�D�JRRG� UHSUH�
VHQWDWLRQ�RI� WKH�XQGHUO\LQJ�SDWWHUQ�

-
-DJJLHV
-DJJLHV� DUH� DQ� DQWLDOLDVLQJ� DUWLIDFW� WKDW
RFFXU� IUHTXHQWO\� LQ� FRPSXWHU� JUDSKLFV
EHFDXVH� LPDJHV� RI� QRQ�UHFWDQJXODU
VKDSHV� FDQQRW� EH� SHUIHFWO\� UHSUHVHQWHG
E\� OLJKWLQJ� XS� UHFWDQJXODU� SL[HOV� LQ� D
JULG��)RU�H[DPSOH��ZKHQ�D�GLDJRQDO� OLQH
LV�GUDZQ�RQ�D�FRPSXWHU�VFUHHQ��WKH�OLQH
W\SLFDOO\� DSSHDUV� DV� D� VWDLU� VWHS� SDWWHUQ
RI� SL[HOV�� 7KH� OLWWOH� VDZ� WRRWK� HGJHV� RI
WKH�OLQH�DUH�ZKDW�DUH�LQIRUPDOO\�UHIHUUHG
WR� DV� WKH� ¶MDJJLHV·�

/
/DWKH
$� ODWKH� LV� D� VKDSH�FUHDWHG�E\� URWDWLQJ�D
WZR�GLPHQVLRQDO�IRUP�DURXQG�DQ�D[LV�RI
URWDWLRQ�� 7KH� UHVXOWLQJ� WKUHH�GLPHQ�
VLRQDO� VKDSH� KDV� D� URWDWLRQDO� V\PPHWU\
DERXW� LWV� D[LV�� 7KLV� W\SH� RI� VKDSH� LV
QDPHG� DIWHU� WKH� PDFKLQLQJ� SURFHVV
ZKHUHE\� D� SLHFH� RI� PDWHULDO� LV� UDSLGO\
WXUQHG�ZKLOH� D�FXWWLQJ�GHYLFH� LV�XVHG�WR
UHPRYH� PDWHULDO�� :RRGHQ� GRZHOV� XVHG
LQ� IXUQLWXUH� RU� SRUFK� UDLOLQJV� DUH� RIWHQ
IDEULFDWHG� LQ� WKLV�ZD\�

/DWLWXGH
7KH�ODWLWXGH�OLQHV�DUH�WKH�KRUL]RQWDO�OLQHV
WKDW� HQFLUFOH� D� VKDSH� DURXQG� LWV� D[LV� RI
UHYROXWLRQ��/DWLWXGH�FDQ�EH�GLVWLQJXLVKHG
IURP�ORQJLWXGH�E\�UHPHPEHULQJ�WKDW�WKH
ODWLWXGH� OLQHV� OLH� IODW��/DWLWXGH� LV�GHILQHG
IRU� D� VSKHUH� DV� WKH� DQJXODU� GLVWDQFH
QRUWK� RU� VRXWK� IURP� WKH� (TXDWRU�� 7KH
QRUWK�SROH�RI�WKH�(DUWK�LV�DW����GHJUHHV
ODWLWXGH� DQG� WKH� VRXWK� SROH� LV� DW� ���
GHJUHHV� ODWLWXGH�� 6LQFH� WKH� QRUWK� DQG
VRXWK� SROHV� DUH� ��� GHJUHHV� IURP� WKH
HTXDWRU�� WKH� ODWLWXGH� KDV� D� UDQJH� RI� ���
WR� ��� GHJUHHV�� ,I� WKH� ODWLWXGH� JRHV� RYHU
��� GHJUHHV� RU� XQGHU� ���� GHJUHHV�� LW
ZUDSV�DURXQG��)RU�H[DPSOH��LI�\RX�WUDYHO
PRUH� WKDQ� ��� GHJUHHV� QRUWK� IURP� WKH
HTXDWRU�� \RX� VWDUW� WR� JHW� FORVHU� WR� WKH
HTXDWRU�DJDLQ��VR�����GHJUHHV�RI�ODWLWXGH
ZUDSV� DURXQG� WR� ���GHJUHHV�

/LJKWLQJ�0RGHO
$� OLJKWLQJ� PRGHO� LV� D� PDWKHPDWLFDO
IRUPXOD�WKDW�LV�XVHG�WR�SUHGLFW�KRZ�OLJKW
ZLOO� LQWHUDFW� ZLWK� VXUIDFHV�� /LJKWLQJ
PRGHOV� DWWHPSW� WR� GHVFULEH� WKH� SK\VLFV
WKDW� DUH� LQYROYHG� LQ� WKH� LQWHUDFWLRQ��EXW
RIWHQ�WKH�SK\VLFV�DUH�WRR�FRPSOLFDWHG�WR
PRGHO�SUHFLVHO\��VR�D�QXPEHU�RI�VLPSOL�
��� *ORVVDU\



I\LQJ�DVVXPSWLRQV�DUH�PDGH�WR�PDNH�WKH
OLJKWLQJ�PRGHO�PDQDJHDEOH�

/LQH�2I�6LJKW
7KH� OLQH� RI� VLJKW� LV� WKH� GLUHFWLRQ� LQ
ZKLFK� \RX� DUH� ORRNLQJ�� 6KDSHV� WKDW� DUH
GLUHFWO\� LQ� WKH� OLQH� RI� VLJKW� ZLOO� DSSHDU
LQ� WKH� FHQWHU� RI� DQ� LPDJH� DQG� VKDSHV
WKDW� DUH� DW� JUHDWHU� DQJOHV� WR� WKH� OLQH� RI
VLJKW�ZLOO�DSSHDU�IDUWKHU�IURP�WKH�FHQWHU
RI� WKH� LPDJH�� 7KH� OLQH� RI� VLJKW� LV� WKH
YHFWRU� WKDW� LV� IRUPHG� EHWZHHQ� WKH� H\H
SRLQW� DQG� WKH� ORRNDW� SRLQW�� ZKLFK� LV
VRPHWLPHV� DOVR�FDOOHG� WKH� FHQWHU� RI� YLVLRQ�

/LQHDU
/LQHDU� LV� D� WHUP� WKDW� UHIHUV� WR� DQ\WKLQJ
SHUWDLQLQJ� WR� D� OLQH�� ,Q� D� PDWKHPDWLFDO
VHQVH�� DQ� HTXDWLRQ� LV� OLQHDU� LI� LWV� JUDSK
LV� D� OLQH�� $Q\� HTXDWLRQ� LV� OLQHDU� LI� LW
FRQVLVWV� RQO\� RI� WHUPV� WKDW� DUH� RI� WKH
ILUVW� GHJUHH�� 7KDW� PHDQV� WKDW� QRQH� RI
WKH� LQGHSHQGHQW� YDULDEOHV� LQ� WKH
HTXDWLRQ� DUH� UDLVHG� WR� D� SRZHU� RWKHU
WKDQ� RQH� DQG� WKHUH� DUH� QR� QRQ�OLQHDU
IXQFWLRQV� LQYROYHG� VXFK� DV� VLQH� RU
FRVLQH�

/RFDO�&RRUGLQDWHV
:KHQ� \RX� GHILQH� DQ� DJJUHJDWH� VKDSH�
WKH� VXEVKDSHV� DUH� GHILQHG� LQ� WKH� IUDPH
RI�UHIHUHQFH�RI�WKH�DJJUHJDWH�VKDSH��7KLV
IUDPH� RI� UHIHUHQFH� LV� GHVFULEHG� E\� WKH
VKDSH·V� ORFDO� FRRUGLQDWHV�� :KHQ� DQ
DJJUHJDWH�VKDSH�LV�PRYHG�DURXQG��DOO�RI
WKH� VXE�VKDSHV� DXWRPDWLFDOO\� IROORZ� WKH
DJJUHJDWH� VKDSH��7KLV� LV� D� JUHDW� KHOS� LQ
PRGHOLQJ� FRPSOH[� VFHQHV�� 6KDSHV� FDQ
EH� FUHDWHG�E\�GHILQLQJ� DOO� RI� WKHLU� SDUWV
UHODWLYH� WR� WKH� VKDSH� ZLWKRXW� ZRUU\LQJ
DERXW�ZKHUH�WKH�VKDSH�ZLOO�HYHQWXDOO\�EH
SODFHG� LQ� WKH� VFHQH� EHFDXVH� ZKHQ� WKH
DJJUHJDWH�VKDSH�LV�PRYHG��DOO�RI�LWV�SDUWV
DXWRPDWLFDOO\� IROORZ�

/RFDO�9DULDEOH
$� ORFDO� YDULDEOH� LV� D� YDULDEOH� WKDW� H[LVWV
RQO\� LQVLGH� WKH� VFRSH� RI� D� SDUWLFXODU
SURFHGXUH�� /RFDO� YDULDEOHV� HQFRXUDJH
EHWWHU�� VDIHU� SURJUDPPLQJ� EHFDXVH� LI� D
YDULDEOHV� RQO\� OLYH� ZLWKLQ� D� SURFHGXUH�
\RX� GRQ·W� QHHG� WR� ZRUU\� DERXW� RWKHU
SURFHGXUHV�LQDGYHUWHQWO\�FKDQJLQJ�WKHP�
$OPRVW� DOO� YDULDEOHV� LQ� D� W\SLFDO� SURFH�
GXUDO� ODQJXDJH� DUH� ORFDO� YDULDEOHV�

/RQJLWXGH
/RQJLWXGH�OLQHV�DUH�WKH�YHUWLFDO�OLQHV�WKDW
UXQ� SHUSHQGLFXODU� WR� WKH� ODWLWXGH� OLQHV
�DVVXPLQJ� WKDW� WKH� D[LV� RI� URWDWLRQ� LV
YHUWLFDO��� 2Q� D� VSKHUH�� ORQJLWXGH� LV� D
PHDVXUH� RI� KRZ� IDU� DURXQG� WKH� JOREH
\RX� KDYH� WUDYHOOHG�� 6LQFH� D� JOREH� LV
URWDWLRQDOO\� V\PPHWULFDO�� \RX� PXVW
DUELWUDULO\�SLFN�D�ORFDWLRQ�IURP�ZKLFK�WR
PHDVXUH�� %\� FRQYHQWLRQ�� RQ� (DUWK�� ZH
KDYH� FKRVHQ� *UHHQZLFK�� (QJODQG�
/RQJLWXGH� PD\� UXQ� IURP� �� WR� ���
GHJUHHV��%HORZ��� GHJUHHV� RU� DERYH� ���
GHJUHHV��LW�ZUDSV�DURXQG��VR�����GHJUHHV
RI� ORQJLWXGH� LV� WKH� VDPH� DV� ��� GHJUHHV
RI� ORQJLWXGH�� /RQJLWXGH� OLQHV� PD\� EH
GUDZQ�RQ� DQ\� VKDSH� WKDW� LV� URWDWLRQDOO\
V\PPHWULFDO�� VR� DOO� RI� WKH� TXDGULFV� DQG
WKH� WRUXV� PD\� EH� VHFWLRQHG� LQWR� ORQJL�
WXGLQDO� VZHHSV�

0
0DQGOHEURW�6HW
7KH� 0DQGOHEURW� 6HW� LV� D� PDWKHPDWLFDO
HQWLW\� WKDW� LV� NQRZQ� IRU� LWV� H[TXLVLWH
EHDXW\�DQG�FRPSOH[LW\��7KH�0DQGOHEURW
6HW�DQG�UHODWHG�PDWKHPDWLFDO�VKDSHV�DUH
NQRZQ� DV� IUDFWDOV� EHFDXVH� WKH\� SRVVHVV
WKH� SURSHUW\� RI� VHOI�VLPLODULW\�� 7KLV
PHDQV� WKDW� WKH� VKDSH� KDV� WKH� VDPH
VWUXFWXUH�DW�DOO� VFDOHV�� ,I�\RX�]RRP� LQWR
WKH� 0DQGOHEURW� 6HW�� WLQ\� 0DQGOHEURW
6HWV�EHJLQ�WR�DSSHDU�ZKLFK��XSRQ�FORVHU
*ORVVDU\ ���



LQVSHFWLRQ��KDYH�DOO�RI�WKH�LQWULFDWH�GHWDLO
RI� WKH�RULJLQDO�

0HVK
$� PHVK� LV� D� JHQHUDO� SXUSRVH� SULPLWLYH
WKDW� FRQVLVWV� RI� D� JURXS� RI� YHUWLFHV�
HGJHV��DQG�IDFHV�WKDW�DUH�XVXDOO\��EXW�QRW
QHFHVVDULO\� FRQQHFWHG� LQWR� D� VXUIDFH�
6LQFH� DQ\� VXUIDFH� FDQ� EH� DSSUR[LPDWHG
E\� D� JURXS� RI� SODQDU� IDFHWV�� WKH� PHVK
SULPLWLYH� LV� WKH� PRVW� JHQHUDO�SXUSRVH
SULPLWLYH�

0LUURU�'LUHFWLRQ
7KH�GLUHFWLRQ�WKDW�D�OLJKW�UD\�ZLOO�UHIOHFW
RII� RI� D� VXUIDFH� LV� FDOOHG� WKH� PLUURU
GLUHFWLRQ�� 7KH� PLUURU� GLUHFWLRQ� LV
FRPSXWHG� E\� UHYHUVLQJ� WKH� FRPSRQHQW
RI�WKH�GLUHFWLRQ�YHFWRU�RI�WKH�OLJKW�EHDP
WKDW� LV� SHUSHQGLFXODU� WR� WKH� VXUIDFH�

1
1RUPDO
$� QRUPDO� LV� D� YHFWRU� WKDW� LV� SHUSHQ�
GLFXODU�WR�D�VXUIDFH��7KH�QRUPDO�FDQ�EH
WKRXJKW� RI� DV� DQ� DUURZ� WKDW� DOZD\V
SRLQWV� RXW� IURP� D� VXUIDFH�� :KHQ
VXUIDFHV� DUH� VKDGHG� E\� WKH� FRPSXWHU�
WKHLU�QRUPDOV�DUH�XVHG�WR�GHWHUPLQH�KRZ
OLJKW� UHIOHFWV� RII� RI� WKHP�� &RPSXWHU
JUDSKLFV� WHFKQLTXHV� VXFK� DV� EXPS
PDSSLQJ� DQG� 3KRQJ� VKDGLQJ� DFWXDOO\
SHUWXUE� WKH� QRUPDOV� RI� VXUIDFHV� GXULQJ
WKH� VKDGLQJ� SURFHVV� WR� PDNH� IODW
VXUIDFHV� DSSHDU�EXPS\�RU� URXQG�

2
2UWKRJRQDO
,I� WZR� OLQHV� RU� YHFWRUV� DUH� RUWKRJRQDO�
WKHQ� WKH\� DUH� SHUSHQGLFXODU�� RU� VHW� DW� D
ULJKW� DQJOH� WR� HDFK� RWKHU�� 7KLV� WHUP� LV
FORVHO\� OLQNHG� WR� RUWKRJUDSKLF�� IRU
LQVWDQFH��ZKLFK�PHDQV�WKDW�WKH�GLUHFWLRQ

RI� VLJKW� LV� DOZD\V� SHUSHQGLFXODU� WR� WKH
ILOP�SODQH��6LQFH�WKH�UD\V�QHYHU�GLYHUJH�
WKHUH� LV� QR� SHUVSHFWLYH� HIIHFW� ZKHUH
VKDSHV� JHW� VPDOOHU� DV� WKH\� UHFHGH� LQWR
WKH�GLVWDQFH�

3
3DUDOOHO
3DUDOOHO� PHDQV� H[WHQGLQJ� LQ� WKH� VDPH
GLUHFWLRQ� ZLWKRXW� HYHU� FRQYHUJLQJ�� ,I
WZR� YHFWRUV� DUH� SDUDOOHO�� WKHQ� WKH� DQJOH
EHWZHHQ� WKHLU� GLUHFWLRQV� HTXDOV� ��� 7KLV
OHDGV�WR�D�WHVW�IRU�SDUDOOHO�YHFWRUV��,I�WZR
YHFWRUV� DUH� SDUDOOHO�� WKHQ� WKHLU� GRW
SURGXFW� HTXDOV� WKH� SURGXFW� RI� WKHLU
OHQJWKV�� 7KLV� ZRUNV� EHFDXVH� WKH� GRW
SURGXFW� HTXDOV� WKH� SURGXFW� RI� WKH
OHQJWKV�RI� WZR�YHFWRUV� WLPHV� WKH�FRVLQH
RI� WKH� DQJOH� EHWZHHQ� WKHP� DQG� LI� WKH
DQJOH�HTXDOV�]HUR��WKHQ�WKH�FRVLQH�HTXDOV
RQH��6LPLODUO\��LI�WZR�SODQHV�DUH�SDUDOOHO�
WKHQ� WKHLU� QRUPDOV� DUH� DOVR� SDUDOOHO�
RWKHUZLVH�� WKH�SODQHV�PXVW� LQWHUVHFW�

3HUSHQGLFXODU
3HUSHQGLFXODU�PHDQV�WKDW�WZR�WKLQJV�DUH
DW� ULJKW� DQJOHV� WR� HDFK� RWKHU�� ,I� WZR
YHFWRUV� DUH� RUWKRJRQDO�� WKHQ� \RX� FDQ
FKHFN�WKLV�E\�WHVWLQJ�LI�WKHLU�GRW�SURGXFW
HTXDOV� ]HUR�� 6LQFH� WKH� GRW� SURGXFW
EHWZHHQ�WZR�YHFWRUV�HTXDOV�WKH�SURGXFW
RI� WKH� OHQJWKV� WLPHV� WKH� FRVLQH� RI� WKH
DQJOH�EHWZHHQ� WKHP�� LW�PXVW�HTXDO� ]HUR
ZKHQ�WKH�DQJOH�LV�QLQHW\�GHJUHHV�EHFDXVH
WKH� FRVLQH� RI� QLQHW\� GHJUHHV� LV� ]HUR�� ,I
WZR� SODQHV� DUH� RUWKRJRQDO�� WKHQ� WKHLU
QRUPDO�YHFWRUV�DUH�DOVR�RUWKRJRQDO��,I�D
YHFWRU�LV�RUWKRJRQDO�WR�D�SODQH��WKHQ�WKH
QRUPDO� WR� WKH� SODQH� LV� SDUDOOHO� WR� WKH
YHFWRU�

3HUVSHFWLYH
3HUVSHFWLYH� LV� D� JHRPHWULFDO� HIIHFW� WKDW
RFFXUV�ZKHQ�\RX�SURMHFW�D�WKUHH�GLPHQ�
��� *ORVVDU\



VLRQDO� VFHQH� RQWR� D� WZR�GLPHQVLRQDO
VXUIDFH��7KH�UHVXOW�RI�SHUVSHFWLYH�LV�WKDW
VKDSHV�DSSHDU�WR�EHFRPH�VPDOOHU�DV�WKH\
PRYH�IDUWKHU�DZD\�IURP�\RX��<RXU�ILHOG
RI� YLHZ� HQFRPSDVVHV� DOO� VKDSHV� ZLWKLQ
D�FHUWDLQ�YLHZLQJ�UHJLRQ�FDOOHG�WKH�YLHZLQJ
IUXVWXP�� 7KH� YLHZLQJ� IUXVWXP� LV� XVXDOO\
VKDSHG� OLNH�D�FRQH�RU�S\UDPLG�ZLWK� WKH
H\H� DW� WKH� DSH[�� $Q\� FURVV� VHFWLRQ� RI
WKH� YLHZLQJ� IUXVWXP�ZLOO� H[DFWO\� ILOO� WKH
ILHOG�RI�YLHZ��6LQFH�WKH�FURVV�VHFWLRQ�RI
WKH� YLHZLQJ� IUXVWXP� JHWV� ODUJHU� DQG
ODUJHU�IDUWKHU�DZD\�IURP�WKH�H\H�DQG�WKH
DFWXDO� VL]H� RI� D� VKDSH� QHYHU� FKDQJHV�� D
VKDSH� JHWV� VPDOOHU� DQG� VPDOOHU� LQ
UHODWLRQ� WR� WKH� FURVV� VHFWLRQ� RI� WKH
YLHZLQJ� IUXVWXP� DV� LW� PRYHV� IXUWKHU
DZD\�IURP�WKH�H\H��7KLV�PHDQV�WKDW�WKH
SURMHFWLRQ�RI�WKH�VKDSH�JHWV�LQFUHDVLQJO\
VPDOO�DV�WKH�VKDSH�PRYHV�DZD\�IURP�WKH
H\H�

3KRQJ�6KDGLQJ
3KRQJ� VKDGLQJ�� DOVR� FDOOHG� SL[HO� VKDGLQJ�
LV� D� WHFKQLTXH� WKDW� ZDV� GHYHORSHG� E\
%XL�7RQJ� 3KRQJ� DV� DQ� LPSURYHPHQW
XSRQ�*RXUDXG� VKDGLQJ�� ,W� LV� VLPLODU� WR
*RXUDXG� VKDGLQJ� EHFDXVH� LW� XVHV� D
IDFHWHG� SRO\JRQDO� UHSUHVHQWDWLRQ� RI� WKH
PRGHO�� 7R� DFKLHYH� PRUH� DFFXUDWH
VKDGLQJ� FRPSXWDWLRQV�� LQVWHDG� RI
VPRRWKLQJ� WKH� FRORU� DFURVV� WKH
SRO\JRQV�� 3KRQJ� VKDGLQJ� VPRRWKV� WKH
QRUPDOV� DFURVV� WKH� VXUIDFH� DQG� DSSOLHV
WKH�OLJKWLQJ�PRGHO�WR�HDFK�SL[HO�ZLWK�WKH
LQWHUSRODWHG�QRUPDO�WR�DFKLHYH�WKH�HIIHFW
RI� D� VPRRWK� VXUIDFH��7KH� FRVW� RI�PRUH
DFFXUDWH� VKDGLQJ� LV� D� PXFK� VORZHU
UHQGHULQJ� DOJRULWKP� VLQFH� WKH� VKDGLQJ
FDOFXODWLRQV�PXVW�EH�SHUIRUPHG�DW�HYHU\
SL[HO�

3KRWRUHDOLVWLF
7KH� WHUP� SKRWRUHDOLVWLF� FDPH� LQWR� YRJXH
LQ� WKH� ����V� ZKHQ� FRPSXWHU� JUDSKLFV
EHJDQ� WR� EH� UHDOLVWLF� HQRXJK� WR

PDVTXHUDGH� DV� SKRWRJUDSKV� RI� WKH� UHDO
ZRUOG��$V� WKH� WHFKQRORJ\� LPSURYHV�� WKH
TXDOLILFDWLRQV� IRU� EHLQJ� FRQVLGHUHG
SKRWRUHDOLVWLF�FRQWLQXH�WR�EHFRPH�PRUH
VWULQJHQW�� 7KH� PRVW� UHDOLVWLF� FRPSXWHU
JUDSKLFV�UHTXLUH�D�WUDLQHG�DQG�GLVFHUQLQJ
H\H� WR�GLVWLQJXLVK� WKHP� IURP� UHDOLW\�

3LWFK
3LWFK�� LQ� SKRWRJUDSK\� DQG� FRPSXWHU
JUDSKLFV��LV�WKH�DPRXQW�WKDW�\RXU�FDPHUD
LV� WLOWHG� XS� RU� GRZQ� LQ� WKH� IUDPH� RI
UHIHUHQFH�RI� WKH�FDPHUD��<RX�FDQ�WKLQN
RI� SLWFK� DV� WKH� ZD\� WKDW� \RXU� KHDG
URWDWHV� ZKHQ� \RX� QRG� RU� WKH� ZD\� WKDW
DQ� DLUSODQH� URWDWHV� ZKHQ� LW� FOLPEV� RU
GLYHV�� 7KH� D[LV� RI� URWDWLRQ� LV� WKH
KRUL]RQWDO�� OHIW� WR� ULJKW� YHFWRU� LQ� WKH
IUDPH�RI� UHIHUHQFH�RI� WKH� FDPHUD�

3L[HO
6LQFH� FRPSXWHUV� DUH� GLJLWDO� PDFKLQHV�
WKH\�FDQQRW�PDQLSXODWH�RU�UHSUHVHQW�DQ\
IRUPV� RI� FRQWLQXRXV� GDWD� EXW� PXVW
LQVWHDG� UHSUHVHQW� HYHU\WKLQJ� LQ� D
TXDQWL]HG�� GLVFUHWH� IRUP�� )RU� WKLV
UHDVRQ��DOO�IRUPV�RI�GLJLWDO�PDQLSXODWLRQ�
LQFOXGLQJ� WHOHYLVLRQ� DQG� YLGHR�� SURFHVV
LPDJHV� E\� EUHDNLQJ� WKHP� XS� LQWR� D
UHFWDQJXODU�DUUD\�RI�WLQ\��FRORUHG�VTXDUHV
FDOOHG� SL[HOV�� ,I� \RX� ORRN� FORVHO\� DW� D
FRPSXWHU�PRQLWRU�RU�D�WHOHYLVLRQ�VFUHHQ�
\RX� ZLOO� VHH� WKDW� WKH� LPDJHV� DUH� QRW
VPRRWK�� FRQWLQXRXV� IRUPV�� EXW� DUH� LQ
IDFW� FRPSRVHG� RI� WLQ\� VTXDUHV�� 6LQFH� D
GLJLWDO�FRPSXWHU�PXVW�UHSUHVHQW�DOO�GDWD
DV� GLVFUHWH� XQLWV� LQVWHDG� RI� FRQWLQXRXV
UDQJHV�RI�YDOXHV��WKH�FRORU�RI�WKH�SL[HOV
PD\� ORRN� FRQWLQXRXV� EXW� LV� DOVR
TXDQWL]HG� LQWR� D� QXPEHU� RI� GLVFUHWH
OHYHOV�

3RO\JRQ
$� SRO\JRQ� LV� D� WZR�GLPHQVLRQDO� VKDSH
WKDW� LV� ERXQGHG� E\� HGJHV� WKDW� DUH
VWUDLJKW� OLQHV�� $� SRO\JRQ� PXVW� KDYH
*ORVVDU\ ���



WKUHH� RU� PRUH� VLGHV�� $� WULDQJOH� LV� D
SRO\JRQ�ZLWK�WKUHH�VLGHV��3RO\JRQV�PD\
EH� DQ\� VKDSH� WKDW� FDQ� EH� IRUPHG� IURP
VWUDLJKW� OLQHV� DQG�PD\�EH� HLWKHU� FRQYH[
RU� FRQFDYH�

3ULPLWLYH
$� SULPLWLYH�� LQ� D� FRPSXWHU� JUDSKLFV
V\VWHP�� LV� DQ� DWRPLF�� LPPXWDEOH� HQWLW\
WKDW�LV�EXLOW�LQWR�WKH�V\VWHP�DQG�FDQ�QRW
EH� FKDQJHG��2WKHU� WKLQJV�PD\� EH� XVHU�
GHILQHG��VXFK�DV�SURFHGXUHV��VKDSHV��DQG
XVHU�GHILQHG�GDWD� W\SHV��7KHVH�DUH�QRQ�
SULPLWLYH� HQWLWLHV�

4
4XDGULF
$� TXDGULF� LV� D� PDWKHPDWLFDO� FODVVLIL�
FDWLRQ� IRU� D� IDPLO\� RI� VKDSHV� WKDW� KDYH
VLPLODU� PDWKHPDWLFDO� SURSHUWLHV�� 2QH
SURSHUW\� RI� TXDGULFV� LV� WKDW� WKH\� PD\
RQO\�LQWHUVHFW�D�OLQH�LQ�WZR�SODFHV�RU�OHVV�
KHQFH� WKH\� DUH� DOVR� FDOOHG� VHFRQG�GHJUHH
VKDSHV�� 7KH� VHW� RI� TXDGULFV� LQFOXGHV� WKH
VSKHUH�� F\OLQGHU�� FRQH�� SDUDERORLG�� RQH�
VKHHW�K\SHUERORLG��DQG�WZR�VKHHW�K\SHU�
ERORLG��7KHVH�VKDSHV�DUH�VLPLODU�EHFDXVH
WKH\�DUH�DOO�GHULYHG�IURP�FRQLF�VHFWLRQV�
ZKLFK� DUH� WKH� W\SHV� RI� FXUYHV� WKDW� DUH
SURGXFHG� E\� VOLFLQJ� D� FRQH� LQ� D� YDULHW\
RI�ZD\V��0DWKHPDWLFDOO\�VSHDNLQJ��FRQLF
VKDSHV� FDQ� DOO� EH� GHVFULEHG� E\� WKH
VHFRQG�GHJUHH�TXDGUDWLF�HTXDWLRQ��D[���
E[��� F�

4XDQWL]DWLRQ
<RX� VD\� WKDW� VRPHWKLQJ� LV� TXDQWL]HG� LI
LW� FDQ� RQO\� WDNH� FHUWDLQ� GLVFUHWH� YDOXHV
RU� VWDWHV�� 6LQFH� FRPSXWHUV� DUH� GLJLWDO
PDFKLQHV��DEVROXWHO\�HYHU\WKLQJ�WKDW�WKH
FRPSXWHU� FDQ� UHSUHVHQW� PXVW� EH
TXDQWL]HG�� )RU� H[DPSOH�� LI� \RX� GUDZ� D
VSHFWUXP� RU� D� VPRRWKO\� VKDGHG� LPDJH
ZLWK�D�FRPSXWHU�� LW� ORRNV� OLNH� WKH�FRORU

FKDQJHV�VPRRWKO\�RYHU�WKH�HQWLUH�UDQJH�
,Q� IDFW�� WKH� LPDJH� LV� UHSUHVHQWHG� E\� D
IL[HG�VHW�RI�LQWHQVLW\�OHYHOV��XVXDOO\�IURP
�� WR� ������ 6LQFH� WKH� LQWHQVLW\� OHYHOV� DUH
YHU\�FORVH�WRJHWKHU��WKH�LQWHQVLW\�DSSHDUV
WR� EH� FRQWLQXRXVO\� FKDQJLQJ� LQVWHDG� RI
KDYLQJ� D� QXPEHU� RI� GLVFUHWH�� IL[HG
OHYHOV��

4XDUWLF
$�TXDUWLF�LV�D�PDWKHPDWLFDO�FODVVLILFDWLRQ
IRU� D� IDPLO\�RI� VKDSHV� WKDW�KDYH� VLPLODU
PDWKHPDWLFDO� SURSHUWLHV�� 7KH� RQO\� ZHOO
NQRZQ� TXDUWLF� VKDSH� LV� WKH� WRUXV�
4XDUWLF� VKDSHV� KDYH� WKH� SURSHUW\� WKDW
WKH\� PD\� RQO\� LQWHUVHFW� D� OLQH� LQ� IRXU
SODFHV� RU� OHVV�� KHQFH� WKH\� DUH� FDOOHG
IRXUWK�GHJUHH� VKDSHV�� 0DWKHPDWLFDOO\
VSHDNLQJ�� WKHVH� VKDSHV� FDQ� DOO� EH
GHVFULEHG� E\� WKH� IRXUWK�GHJUHH� TXDUWLF
HTXDWLRQ�� D[����E[���� F[����G[��� H

5
5DGLRVLW\
5DGLRVLW\� LV� D� WHFKQLTXH� IRU� FRPSXWLQJ
DPELHQW� OLJKW� PRUH� DFFXUDWHO\� E\
FRPSXWLQJ�WKH�LQWHU�UHIOHFWLRQV�EHWZHHQ
VXUIDFHV�� +\SHUFRVP� GRHV� QRW
LPSOHPHQW� WKH� UDGLRVLW\� WHFKQLTXH�
,QVWHDG� RI� WU\LQJ� WR� FRPSXWH� WKH� H[DFW
DPRXQW� RI� DPELHQW� OLJKW�� D� VLPSOH
FRQVWDQW� YDOXH� LV� XVHG� WR� HVWLPDWH� LW�

5HDO�7LPH
7KH� WHUP�� UHDO�WLPH�� LV� XVHG� ZKHQ� D
FRPSXWHU� FDQ� UXQ� D� SURFHVV� VWHDGLO\
ZKLOH�VWLOO�UHVSRQGLQJ�DOPRVW�LQVWDQWO\�WR
FKDQJHV� LQ� LQSXW��7KH�IX]]\�SDUW�RI�WKLV
GHILQLWLRQ� LV� LQ� MXVW� KRZ� IDVW� ¶DOPRVW
LQVWDQWO\·� UHDOO\� LV�� ,Q�PRVW� FDVHV�� LI� WKH
FRPSXWHU� FDQ� UHVSRQG� ZLWKLQ� EHWZHHQ
����� RI� D� VHFRQG� DQG� DERXW� �� VHFRQG�
WKHQ�LW�LV�FRQVLGHUHG�WR�KDYH�D�UHDO�WLPH
UHVSRQVH�� ,Q� VRPH� FDVHV�� UHDO�WLPH
��� *ORVVDU\



UHVSRQVH� LV� PRUH� QHFHVVDU\� WKDQ� LQ
RWKHUV��$�YLGHR�JDPH�PXVW�KDYH�D�TXLFN
UHVSRQVH�RU�HOVH�LW�KDV�D�VOXJJLVK�IHHO�WR
LW� DQG� LV� QR� IXQ� WR� SOD\��$Q� DQLPDWLRQ�
VXFK� DV� DQ� DUFKLWHFWXUDO� IO\�WKURXJK�
GRHV� QRW� UHTXLUH� VXFK� DQ� LPPHGLDWH
UHVSRQVH�� VR� LW� PD\� EH� DFFHSWDEOH� WR
XSGDWH� WKH� SLFWXUH� HYHU\� VHFRQG� RU� VR
DQG�VWLOO�EH�FRQVLGHUHG�D�UHDO�WLPH�DSSOL�
FDWLRQ�

5HQGHULQJ
5HQGHULQJ� LV� WKH� JHQHUDO� SURFHVV� RI
SURGXFLQJ�DQ� LPDJH��$� UHQGHULQJ� �DV� LQ
DQ� DUFKLWHFWXUDO� UHQGHULQJ�� LV� XVXDOO\
LQWHQGHG� WR� VLPXODWH� RU� GHSLFW
VRPHWKLQJ�HOVH��HLWKHU�UHDO�RU� LPDJLQDU\�
$� UDQGRP� FROOHFWLRQ� RI� OLQHV�� IRU
H[DPSOH�� ZRXOG� QRW� EH� D� UHQGHULQJ
EHFDXVH� LW� GRHVQ·W� GHSLFW� DQ\WKLQJ�
DOWKRXJK�LW�LV�VWLOO�DQ�LPDJH��,Q�FRPSXWHU
JUDSKLFV�� UHQGHULQJ� UHIHUV� VSHFLILFDOO\� WR
WKH� SURFHVV� RI� GUDZLQJ� DQ� LPDJH� WR
VFUHHQ�

5ROO
5ROO�LV�WKH�DPRXQW�WKDW�D�FDPHUD�LV�WLOWHG
DURXQG� LWV� OLQH� RI� VLJKW�� <RX� FDQ� WKLQN
RI�UROO�DV�WKH�ZD\�WKDW�\RXU�KHDG�URWDWHV
ZKHQ� \RX� WLOW� LW� IURP� VLGH� WR� VLGH�

6
6FDODU
$�VFDODU� LV�DQ\�QXPEHU�ZLWK�RU�ZLWKRXW
D� IUDFWLRQDO� SDUW�� ,Q�PDWKHPDWLFV�� WKHVH
DUH� NQRZQ� DV� UHDO� QXPEHUV�� 5HDO
QXPEHUV� LQFOXGH� WKH� VHW� RI� LQWHJHUV�� RU
ZKROH� QXPEHUV�� UDWLRQDO� QXPEHUV�
ZKLFK�FDQ�DOZD\V�EH�H[SUHVVHG�DV�D�UDWLR
RI� ZKROH� QXPEHUV�� DQG� WUDQVFHQGHQWDO
QXPEHUV�VXFK�DV� �RU�H��ZKLFK�FDQ�QRW
EH�ZULWWHQ�DV�ILQLWH�H[SUHVVLRQV�RI�ZKROH
QXPEHUV��

6KDGHU
$�VKDGHU�LV�D�SURFHGXUH�WKDW�LV�H[HFXWHG
WR� FRPSXWH� WKH� DSSDUHQW� FRORU� RI� D
VXUIDFH� XQGHU� D� FHUWDLQ� VHW� RI� OLJKWLQJ
FRQGLWLRQV��,Q�PRVW�V\VWHPV��WKH�VKDGHUV
DUH�EXLOW� LQ�WR�WKH�SURJUDP�DQG�FDQ�QRW
EH� FKDQJHG�E\� WKH�XVHU�

6LOKRXHWWH
7KH�VLOKRXHWWH�LV�WKH�DSSDUHQW�HGJH�RI�D
VKDSH� IURP� WKH� SRLQW� RI� YLHZ� RI� DQ
REVHUYHU�� $V� WKH� REVHUYHU� PRYHV
UHODWLYH� WR� WKH� VKDSH�� WKH� VLOKRXHWWH
FKDQJHV��7KH�VLOKRXHWWH�PDUNV�WKH�SODFH
RQ�WKH�VKDSH�ZKHUH�WKH�VXUIDFH�FKDQJHV
IURP�YLVLEOH� WR�KLGGHQ� DQG� YLFH� YHUVD�

603/
7KH� SURJUDPPLQJ� ODQJXDJH� WKDW� ZDV
ODWHU� FDOOHG� 6$*(�� DQG� LV� QRZ�20$5�

6SHFXODU
7KH� ZRUG� VSHFXODU� LV� DQ� ROG� ZRUG� WKDW
PHDQV� PLUURU�OLNH�� 0DQ\� VXUIDFH� W\SHV
KDYH�D�VSHFXODU�TXDOLW\�WR�WKHP��VXFK�DV
PHWDOV� DQG� SODVWLFV�� 6SHFXODU� PDWHULDOV
FKDUDFWHULVWLFDOO\� KDYH� YHU\� VPRRWK
RXWHU� VXUIDFHV� WKDW� HQDEOH� WKHP� WR
UHIOHFW� WKHLU� VXUURXQGLQJ� DQG� KDYH� YHU\
VKDUS�� FRQFHQWUDWHG� KLJKOLJKWV�� $Q
H[DPSOH� RI� D� QRQ�VSHFXODU� PDWHULDO� LV
FKDON�� ZKLFK� UHIOHFWV� OLJKW� LQ� D� YHU\
GLIIXVH�ZD\�

7
7H[WXUH�0DSSLQJ
7H[WXUH� PDSSLQJ� LV� D� WHFKQLTXH� WKDW� LV
XVHG�WR�PRGXODWH�WKH�FRORU�RI�D�VXUIDFH�
7KH� WHUP� LV� VRPHZKDW� PLVOHDGLQJ
EHFDXVH� WH[WXUH� PDSSLQJ� LV� W\SLFDOO\
XVHG�WR�FKDQJH� WKH�FRORU�RI� WKH�VXUIDFH
EXW� GRHVQ·W� DFWXDOO\� LPSDUW� D� WH[WXUH� WR
WKH�VXUIDFH��OLNH�PDNLQJ�WKH�VXUIDFH�ORRN
EXPS\� RU� ULGJHG�� 7R� GR� WKLV�� D� VLPLODU

π
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WHFKQLTXH�� FDOOHG� EXPS� PDSSLQJ�� LV� XVHG�
,Q� WH[WXUH�PDSSLQJ�� WKH�FRORU� LV�XVXDOO\
PRGXODWHG� E\� WDNLQJ� WKH� FRORU� IURP� D
WZR�GLPHQVLRQDO� LPDJH� WKDW� LV� PDSSHG
RQWR� WKH� VXUIDFH� LQ� VRPH� ZD\�� 7KLV� LV
VRPHWLPHV�FDOOHG� LPDJH�PDSSLQJ��$OWHUQD�
WLYHO\�� WKH� FRORU� IRU� WKH� VXUIDFH� FDQ� EH
FRPSXWHG� XVLQJ� D� PDWKHPDWLFDO
IXQFWLRQ�RU�DQ�DOJRULWKP�IRU�FRPSXWLQJ
WKH� FRORU�� 7KLV� LV� NQRZQ� DV� SURFHGXUDO
WH[WXUH� PDSSLQJ�� ,PDJH� PDSSLQJ� FDQ� EH
LPSOHPHQWHG� LQ� WKH�+\SHUFRVP� V\VWHP
E\�XVLQJ� WH[WXUHG�PDWHULDOV��%RWK�IRUPV
RI�WH[WXUH�PDSSLQJ�FDQ�EH�LPSOHPHQWHG
LQ� WKH� +\SHUFRVP� V\VWHP� E\� XVLQJ
VKDGHUV�

7UDQVIRUPDWLRQ
$�WUDQVIRUPDWLRQ�LV�D�ZD\�RI�PRGLI\LQJ
WKH� ORFDWLRQ��RULHQWDWLRQ��RU�VFDOLQJ�RI�D
VKDSH�� 7KH� WUDQVIRUPDWLRQV� LPSOH�
PHQWHG� E\� WKH� +\SHUFRVP� V\VWHP� DUH
NQRZQ�DV�OLQHDU�WUDQVIRUPDWLRQV�EHFDXVH
DQ\� VWUDLJKW� OLQHV� LQ� WKH� VKDSHV� UHPDLQ
VWUDLJKW� DIWHU� DQ\� WUDQVIRUPDWLRQV� DUH
SHUIRUPHG� RQ� WKH� VKDSH�

7R� LPDJLQH� KRZ� WUDQVIRUPDWLRQV�ZRUN�
WKLQN� RI� D� SLHFH� RI� UXEEHU� JUDSK� SDSHU
ZLWK� D� SLFWXUH� RQ� LW�� 7R� SHUIRUP� OLQHDU
WUDQVIRUPDWLRQV�RQ�WKH�SLFWXUH��\RX�PD\
VWUHWFK��PRYH��RU�URWDWH�WKH�JUDSK�SDSHU
LQ� DQ\� ZD\� VR� ORQJ� DV� WKH� OLQHV� LQ� WKH
JUDSK�SDSHU�UHPDLQ�VWUDLJKW�DQG�HTXDOO\
VSDFHG��7KH�GLVWDQFH�EHWZHHQ�KRUL]RQWDO
OLQHV� QHHG� QRW� EH� HTXDO� WR� WKH� GLVWDQFH
EHWZHHQ� WKH� YHUWLFDO� OLQHV�� EXW� DOO� WKH
KRUL]RQWDO� OLQHV� DQG� YHUWLFDO� OLQHV� PXVW
EH� FRQVLVWHQWO\� VSDFHG�� 1RWH� WKDW� WKH
OLQHV�PD\� HYHQ� EH� VNHZHG� VR� WKDW� WKH\
DUH� QR� ORQJHU� SHUSHQGLFXODU� DQG� VWLOO
VDWLVI\� WKH� FULWHULD�

9
9HUWH[
$� YHUWH[� LV� D� SRLQW� ZKHUH� WZR� HGJHV
PHHW�� 3ULPLWLYHV� WKDW� DUH� GHILQHG� E\
YHUWLFHV� DUH� WULDQJOHV�� SRO\JRQV� DQG
PHVKHV�

9R[HO
7KH�ZRUG�YR[HO�LV�VKRUW�IRU�YROXPH�HOHPHQW�
$� YR[HO� LV� D� ER[� WKDW� HQFRPSDVVHV� D
YROXPH�RI�VSDFH��9R[HOV�DUH�XVHG�LQWHU�
QDOO\�LQ�WKH�SURJUDP�WR�VSHHG�XS�WKH�UD\
WUDFLQJ�SURFHVV��+\SHUFRVP�GLVSOD\V�WKH
YR[HOV�ZKHQ�UD\� WUDFLQJ� LV�XVHG�DQG�WKH
GRXEOH�EXIIHU�PRGH� LV� QRW� HQDEOHG�

:
:RUOG�&RRUGLQDWHV
:RUOG� FRRUGLQDWHV� DUH� WKH� FRRUGLQDWHV
RI�WKH�SLFWXUH�RU�VFHQH��$OO�RI�WKH�VKDSHV
LQ� WKH�SLFWXUH�PXVW�EH�GHILQHG� LQ� WHUPV
RI� WKLV� FRRUGLQDWH� IUDPH�� ,I� DOO� VKDSHV
ZHUH�GHILQHG� LQ� WHUPV�RI�ZRUOG� FRRUGL�
QDWHV�� PRYLQJ� FRPSOH[� VKDSHV� DURXQG
ZRXOG� EH� GLIILFXOW� EHFDXVH� LW� ZRXOG� EH
QHFHVVDU\� WR� FKDQJH� WKH� ZRUOG� FRRUGL�
QDWHV� RI� HDFK� DQG� HYHU\� SDUW� RI� WKH
VKDSH�LQGLYLGXDOO\��7KLV�LV�ZK\�DJJUHJDWH
VKDSHV�DUH�XVHG��:KHQ�DJJUHJDWH�VKDSHV
DUH�XVHG��WKH�VXE�VKDSHV�PD\�EH�GHILQHG
LQ�WKH�ORFDO�FRRUGLQDWHV�RI�WKH�DJJUHJDWH
VKDSH� DQG� ZKHQ� WKH� DJJUHJDWH� VKDSH� LV
PRYHG�� DOO� RI� WKH� VXE� VKDSHV� PRYH
WRJHWKHU� DV� D� JURXS�

<
<DZ
<DZ� LV� WKH� DPRXQW� WKDW� \RXU� FDPHUD� LV
WLOWHG� KRUL]RQWDOO\� LQ� WKH� IUDPH� RI
UHIHUHQFH�RI� WKH�FDPHUD��<RX�FDQ�WKLQN
��� *ORVVDU\



RI�\DZ�DV�WKH�ZD\�WKDW�\RXU�KHDG�URWDWHV
ZKHQ� \RX� WXUQ� \RXU� KHDG� IURP� VLGH� WR
VLGH��7KH�D[LV�RI�URWDWLRQ�LV�WKH�YHUWLFDO�
XS�DQG�GRZQ� YHFWRU� LQ� WKH� IUDPH� RI
UHIHUHQFH� RI� WKH� FDPHUD�

=
=�EXIIHU
7KH� ]�EXIIHU� DOJRULWKP� LV� XVHG� WR
HOLPLQDWH�KLGGHQ� VXUIDFHV� LQ� WKH� VKDGHG
DQG� KLGGHQ� OLQH� UHQGHULQJ� PRGHV�� ,W
ZRUNV� DV� D� NLQG� RI� �'� SDLQWLQJ

DOJRULWKP��$V�\RX�GUDZ�WKH�VKDSHV��\RX
FKHFN� WKH� GHSWK� RI� WKH� VKDSH� DW� HDFK
SL[HO� ZLWK� D� GHSWK� YDOXH� RI� WKH� FORVHVW
SRLQW� LQ� FXUUHQW� VFHQH� DW� WKDW� SL[HO�� $
GHSWK�YDOXH�IRU�HDFK�SL[HO�RQ�WKH�VFUHHQ
LV�VWRUHG�LQ�D�ELJ�DUUD\�WKDW� LV�FDOOHG�WKH
]�EXIIHU�� RU� GHSWK�EXIIHU�� ,I� WKH� QHZ
VXUIDFH� LV� FORVHU� WKDQ� DQ\� VXUIDFHV� WKDW
KDYH� EHHQ� SUHYLRXVO\� GUDZQ�� WKHQ� WKH
FRORU�RI� WKDW� VXUIDFH� LV�ZULWWHQ� LQWR� WKH
LPDJH� DQG� WKH� GHSWK� RI� WKH� VXUIDFH� DW
WKDW�SL[HO� LV�ZULWWHQ� LQWR� WKH� ]� EXIIHU�
*ORVVDU\ ���
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,QGH[
�
�'�FRRUGLQDWHV 10
�G�RUHV 13

$
DEVROXWH�WUDQVIRUPDWLRQV 45, 47

LPSOHPHQWDWLRQ 45
DFWRUV 8
DJJUHJDWH�REMHFW 119
DOLDVLQJ 119
DOO�HGJHV 79
DPELHQW�OLJKW 34, 119
DPELHQW�YDULDEOH 34
DQDJO\SK 69, 119
DQLPDWLRQ

KLJK�TXDOLW\ 96
SDUDPHWHU�EDVHG 98
UHDO�WLPH 96
UHSOD\LQJ 116
VDYLQJ 116
VSHHG 96

DQLPV 10, 13, 97
PRXVHBFRQWUROOHGBSLFWXUH 103
PRXVHBFRQWUROOHGBVKDSH 103
PRXVH�FRQWUROOHG 102

DQLPV�RUHV 103

DQWLDOLDVLQJ 87
DQWLDOLDVLQJ�YDULDEOH 87
DUJV�W\SH 8
DUJXPHQW 120
DVSHFWBUDWLR�YDULDEOH 75

%
EDFNJURXQG�FRORU 75
EDFNJURXQG�YDULDEOH 75, 92
EORE�SULPLWLYH 17, 24
EORFN�SULPLWLYH 17, 23
EXPS�PDSSLQJ 120

&
&�SURJUDPPLQJ�ODQJXDJH 2
&���SURJUDPPLQJ�ODQJXDJH 5
FDPHUD

RULHQWDWLRQ 62
SODFHPHQW 12, 61

FDSSLQJ 17
FKDON�PDWHULDO 50
FKDUBWRBNH\�SURFHGXUH 114
FKHFNBNH\V�SURFHGXUH 102
FOLFN�W\SH 110
FORVHVW�SRLQW�GHWHFWLRQ 8
FROOLVLRQ�GHWHFWLRQ 8
,QGH[ ���



FRORU�YDULDEOH 48
FRORUV 48

DVVLJQLQJ 48
EDFNJURXQG 75
SUHFHGHQFH 51
SUHGHILQHG 49

FRPPHQWV 13
FRPSLOHU 2
FRPSLOLQJ 2
FRQFDYH 120
FRQH�SULPLWLYH 16, 19
FRQVWDQWBFRORU�PDWHULDO 50
FRQYH[ 120
FRRUGLQDWHV 10, 120
FURVV�SURGXFW 121
FXUUHQW�WUDQVIRUPDWLRQ�VWDWH 43
FXUVRU�ORFDWLRQ 106
FXUVRU�VW\OH 8
F\OLQGHU�SULPLWLYH 16, 19

'
GDUN�SURFHGXUH 49
GHFODUDWLRQV 13
GHIHUUHG�WH[WXULQJ 53
GLPHQVLRQV�WUDQVIRUPDWLRQ 47
GLUHFW�WUDQVIRUPDWLRQ 41
GLVN�SULPLWLYH 16, 21
GLVWDQW�OLJKW 34, 35
GRW�SURGXFW 121
GRXEOH�EXIIHU 97, 121
GRXEOHBEXIIHU�YDULDEOH 98

(
HGJH 121
HGJHBPRGH 78
HGJHV 78

DOO 79
RXWOLQH 80
VLOKRXHWWH 79

HGJHV�W\SH 78
HGJHV�YDULDEOH 78
H[WUXVLRQV 9, 122
H\H�YDULDEOH 12, 62

)
IDFH�VKDGLQJ 84, 122
IDFHW 122
IDFHWV�YDULDEOH 81
IHDWXUH�DEVWUDFWLRQ 86
ILHOG�RI�YLHZ 63, 122
ILHOGBRIBYLHZ�YDULDEOH 63
ILQLVKBORDGLQJ�PHWKRG 53
ILVKH\H�SURMHFWLRQ 67
IODW�VKDGLQJ 84, 122
IRFDO�SRLQW 122
IRJ 92
IRJBIDFWRU�YDULDEOH 92
)2575$1�SURJUDPPLQJ�ODQJXDJH 2
IUDFWDOV 122

LPSOHPHQWLQJ 57
LQ�QDWXUH 56

IUDPH�UDWHV 95

*
JHRPHWULF�SULPLWLYHV 16
JHWBFOLFN�SURFHGXUH 110
JHWBNH\�SURFHGXUH 112
JHWBPRXVH�SURFHGXUH 106
JHWBWLPH�SURFHGXUH 116
JOREDO�LOOXPLQDWLRQ 123
*RXUDXG�VKDGLQJ 85, 123

+
KBFHQWHU�YDULDEOH 74
KHDGHU�VWDWHPHQW 12
KHLJKW�YDULDEOH 73
KLGGHQ�OLQH�UHQGHULQJ�PRGH 77
KLHUDUFKLFDO�JHRPHWU\ 5, 123
KLHUDUFKLFDO�PRGHOLQJ 36
KXOOV 9
K\SHUERORLG��SULPLWLYH 16, 20
K\SHUERORLG��SULPLWLYH 16, 20
+\SHUFRVP��'�3OD\HU 4
+\SHUFRVP�6RMRXUQHU 2, 7
+\SHUFRVP�6WXGLR 2, 7
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,
LPDJH�SODQH 123
LPDJH�W\SH 53
LQFOXGH�VWDWHPHQWV 13
LQILQLWH�SODQH 17
LQWHUSRODWLRQ 124
LQWHUSUHWHU 2, 3

-
MDJJLHV 87, 124
-DYD 2
-DYD�SURJUDPPLQJ�ODQJXDJH 5

.
NH\BGRZQ�SURFHGXUH 112
NH\BWRBFKDU�SURFHGXUH 114
NH\ERDUG�SURFHGXUHV 112

FRQYHUWLQJ�EHWZHHQ�FKDUV�	�NH\�
FRGHV 113

NH\ERDUG�HYHQW�TXHXH 113
NH\FRGHV 113

/
ODWKHV 9, 124
ODWLWXGH 26, 124
ODWWLFHV 9
OHIWBFRORU�YDULDEOH 71
OLJKW

GLVWDQW 34, 35
SRLQW 34, 35
VSRW 34, 35

OLJKW�SURFHGXUH 49
OLJKWLQJ 33

DPELHQW 34
PRGHO 124
SULPLWLYHV 33, 35

OLPLW�WUDQVIRUPDWLRQ 47
OLQH�RI�VLJKW 125
OLQHDU 125
OLQHDU�VFDQQLQJ 83

OLQHV�SULPLWLYH 17, 25
ORFDO�FRRUGLQDWHV 125
ORFDO�YDULDEOH 125
ORQJLWXGH 26, 28, 125
ORRNDW�YDULDEOH 62, 70

0
PDJQLI\�WUDQVIRUPDWLRQ 39
0DQGOHEURW�6HW 125
PDWHULDOV 50

DVVLJQLQJ 50
PHVK 126
PHVK�SULPLWLYH 17, 24, 28
PHWDO�PDWHULDO 50
PHWKRG

ILQLVKBORDGLQJ 53
WH[WXUH�VWDWXV 53

PLQBIHDWXUHBVL]H�YDULDEOH 86
PLUURU�GLUHFWLRQ 126
PRGHOLQJ 15

KLHUDUFKLFDO 36
SURFHGXUDO 55

PRXVH
EXWWRQ 107
FOLFNV 109
FXUVRU�ORFDWLRQ 106
VHWWLQJ�FXUVRU�VW\OH 8

PRXVH�SURFHGXUHV 106
PRXVHBFRQWUROOHGBSLFWXUH�DQLP 103
PRXVHBFRQWUROOHGBVKDSH�DQLP 103
PRXVHBGRZQ�SURFHGXUH 107
PRXVH�FRQWUROOHG�DQLPV 102
PRXVH�HYHQW�TXHXH 110
PRYH�WUDQVIRUPDWLRQ 39

1
QDWLYH�GHFODUDWLRQV 9
QHVWLQJ

WUDQVIRUPDWLRQV 43
QRLVH�IXQFWLRQ 9
QRQ�SODQDU�SULPLWLYHV 17, 24
QRQ�VXUIDFH�SULPLWLYHV 17, 25
QRUPDOV 126
,QGH[ ���



RULHQWDWLRQ�RI 31

2
20$5 1, 2, 5
20$5�ILOHV 8, 9, 12

EDVLF�UHTXLUHPHQWV 12
UHVRXUFH�ILOHV 8, 13
VDPSOH�VRXUFH�ILOHV 9
VRXUFH�ILOHV 8, 9
W\SHV�RI 8

RUGHUHG�VFDQQLQJ 83
RUHV�ILOHV 8
RULHQW�WUDQVIRUPDWLRQ 41
RULJLQ 10, 11
RUWKRJRQDO 126
RUWKRJUDSKLF�SURMHFWLRQ 64
RXWOLQH�HGJHV 80

3
SDLQWHG�NH\ZRUG 53
SDQRUDPLF�SURMHFWLRQ 68
SDUDERORLG�SULPLWLYH 16, 20
SDUDOOHO 126
SDUDOOHORJUDP�SULPLWLYH 16, 22
SDUDPHWULF�SURFHGXUDO�PRGHOV 55
SDUWLDO�VXUIDFHV 26
3DVFDO�SURJUDPPLQJ�ODQJXDJH 2
SHUSHQGLFXODU 126
SHUVSHFWLYH 126
SHUVSHFWLYH�SURMHFWLRQ 65
3KRQJ�VKDGLQJ 85, 127
SKRWRUHDOLVWLF 127
SLFWXUHV 10, 13

GHFODULQJ 13
VDYLQJ 75

SLSHV 9
SLWFK 127
SLWFK�YDULDEOH 63
SL[HO 127
SL[HO�VKDGLQJ 85, 127
SODQDU�SULPLWLYHV 16, 21, 22
SODQH�SULPLWLYH 16, 21
SODVWLF�PDWHULDO 50

SRLQW�FORXGV 9
SRLQW�OLJKW 34, 35
SRLQWSORW�UHQGHULQJ�PRGH 75
SRLQWV�SULPLWLYH 17, 25
SRO\JRQ 127
SRO\JRQ�SULPLWLYH 16, 22
SRVWHU�NH\ZRUG 51
SUHFHGHQFH

RI�FRORUV 51
SUHGHILQHG�FRORUV 49
SULPLWLYH 128

EORE 17, 24
EORFN 17, 23
FRQH 16, 19
F\OLQGHU 16, 19
GLVN 16, 21
K\SHUERORLG� 16, 20
K\SHUERORLG� 16, 20
OLQHV 17, 25
PHVK 17, 24, 28
SDUDERORLG 16, 20
SDUDOOHORJUDP 16, 22
SODQH 16, 21
SRLQWV 17, 25
SRO\JRQ 16, 22
ULQJ 16, 21
VKDGHG�SRO\JRQ 17, 24, 31
VKDGHG�WULDQJOH 17, 23, 31
VSKHUH 16, 19
WRUXV 17, 23
WULDQJOH 16, 22
YROXPH 17, 25, 32

SULPLWLYH�VKDSHV 16
SULPLWLYHV 16

OLJKWLQJ 33, 35
QRQ�SODQDU 17, 24
QRQ�VXUIDFH 17, 25
SODQDU 16, 21, 22
TXDGULF 16, 19

SURFHGXUDO�PRGHOLQJ 55
SURFHGXUH

FKDUBWRBNH\ 114
FKHFNBNH\V 102
ILQLVKBORDGLQJ 53
JHWBFOLFN 110
JHWBNH\ 112
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JHWBPRXVH 106
JHWBWLPH 116
NH\BGRZQ 112
NH\BWRBFKDU 114
PRXVHBGRZQ 107
VFUHHQBKHLJKW 74
VFUHHQBZLGWK 74
VHWBFXUVRU 8

SURJUDP�DUJXPHQWV 8
SURMHFWLRQ 64

ILVKH\H 67
RUWKRJUDSKLF 64
SDQRUDPLF 68
SHUVSHFWLYH 65

SURMHFWLRQ�W\SH 64
SURMHFWLRQ�YDULDEOH 64
S\UDPLGV 9

4
TXDGULF 128
TXDGULF�SULPLWLYHV 19
TXDGULFV 16
TXDQWL]DWLRQ 128
TXDUWLF 128
TXHXH 110, 113

5
UDGLRVLW\ 128
UDQGRP�IXQFWLRQ 9
UDQGRP�VFDQQLQJ 83
UD\�WUDFLQJ 82
UD\�WUDFLQJ��FRDUVH 86
UHDO�WLPH 128
UHDO�WLPH�DQLPDWLRQ 96
UHIOHFWLRQV 90
UHIOHFWLRQV�YDULDEOH 90
UHIUDFWLRQV 90
UHIUDFWLRQV�YDULDEOH 90
UHODWLYH�WUDQVIRUPDWLRQV 37, 39
UHQGHUBPRGH�W\SH 75
UHQGHUBPRGH�YDULDEOH 75
UHQGHULQJ 15, 73, 129
UHQGHULQJ�PRGH 75

KLGGHQ�OLQH 77
SRLQWSORW 75
VKDGHG 77
VKDGHG�OLQH 78
ZLUHIUDPH 76

UHVRXUFH�ILOHV 8, 13
ULJKWBFRORU�YDULDEOH 71
ULQJ�SULPLWLYH 16, 21
UROO 129
UROO�YDULDEOH 63
URWDWH�WUDQVIRUPDWLRQ 39

6
6$*( 129
VDYLQJ�SLFWXUHV 75
VFDODU 129
VFDOH�WUDQVIRUPDWLRQ 40
VFDQQLQJ 82

OLQHDU 83
RUGHUHG 83
UDQGRP 83

VFDQQLQJ�W\SH 82
VFDQQLQJ�YDULDEOH 82
VFHQH 15
VFUHHQ�GLPHQVLRQV 74
VFUHHQBKHLJKW�SURFHGXUH 74
VFUHHQBZLGWK�SURFHGXUH 74
VHWBFXUVRU�SURFHGXUH 8
VKDGHG�OLQH�UHQGHULQJ�PRGH 78
VKDGHG�SRO\JRQ�SULPLWLYH 17, 24, 31
VKDGHG�UHQGHULQJ�PRGH 77
VKDGHG�WULDQJOH�SULPLWLYH 17, 23, 31
VKDGHUV 8, 10, 129
VKDGLQJ 83

IDFH 84
SL[HO 85
YHUWH[ 84

VKDGLQJ�W\SH 84
VKDGLQJ�YDULDEOH 84
VKDGRZV 90
VKDGRZV�YDULDEOH 90
VKDSHV 10

SULPLWLYHV 16
VLOKRXHWWH 129
VLOKRXHWWH�HGJHV 79
,QGH[ ���



VL]H�WUDQVIRUPDWLRQ 47
VNHZ�WUDQVIRUPDWLRQ 40
VODQW�WUDQVIRUPDWLRQ 41
603/ 129
6RMRXUQHU 2, 7
VRXQGV 8
VSHFXODU 129
VSKHUH�SULPLWLYH 16, 19
VSRW�OLJKW 34, 35
VWDFN

WUDQVIRUPDWLRQ 43
VWDWXV

WH[WXUH�PHWKRG 53
VWHUHR�JODVVHV 70
VWHUHR�SDLUV 71
VWHUHR�YDULDEOH 70
VWHUHRVFRSLF�SLFWXUHV 69

FKDQJLQJ�VWHUHR�FRORUV 71
VWUHWFK�WUDQVIRUPDWLRQ 40
6WXGLR 7
VXEMHFW

WH[WXUH 53
VXSHUVDPSOLQJ 88
VXSHUVDPSOLQJ�YDULDEOH 88
VXUIDFHV

RI�UHYROXWLRQ 16
SDUWLDO 26

VZHHSV 26

7
WHVVHOODWLRQ 80
WH[WXUH�PDSSLQJ 129
WH[WXUH�W\SH 53

ILQLVKBORDGLQJ�PHWKRG 53
VWDWXV�PHWKRG 53

WH[WXUHBVWDWXV�W\SH 53
WH[WXUHG�NH\ZRUG 53
WH[WXUHV 51

GHIHUUHG�WH[WXULQJ 53
WLPH�SURFHGXUH 116
WRUXV�SULPLWLYH 17, 23
WUDQVIRUPDWLRQ

DEVROXWH 47
GLPHQVLRQV 47
GLUHFW 41

OLPLW 47
PDJQLI\ 39
PRYH 39
QHVWLQJ 43
RULHQW 41
URWDWH 39
VFDOH 40
VL]H 47
VNHZ 40
VODQW 41
VWUHWFK 40

WUDQVIRUPDWLRQ�VWDFN 43
WUDQVIRUPDWLRQ�VWDWH 43
WUDQVIRUPDWLRQV 130

DEVROXWH 45
PL[LQJ�UHODWLYH�DQG�DEVROXWH 45
UHODWLYH 37, 39
WUDQVIRUPLQJ�D�VHULHV�RI�REMHFWV 43

WULDQJOH�SULPLWLYH 16, 22
WXUEXOHQFH�IXQFWLRQ 9
W\SH

FOLFN 110
HGJHV 78
LPDJH 53
SURMHFWLRQ 64
UHQGHUBPRGH 75
VFDQQLQJ 82
VKDGLQJ 84
WH[WXUH 53
WH[WXUHBVWDWXV 53

8
XPD[�SDUDPHWHU 26
XPLQ�SDUDPHWHU 26
XQLWV 12
XUO��VHWWLQJ 8

9
YBFHQWHU�YDULDEOH 74
YDULDEOH

DQWLDOLDVLQJ 87
DVSHFWBUDWLR 75
EDFNJURXQG 75, 92
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GRXEOHBEXIIHU 98
HGJHV 78
H\H 62
IDFHWV 81
ILHOGBRIBYLHZ 63
IRJBIDFWRU 92
KBFHQWHU 74
KHLJKW 73
OHIWBFRORU 71
ORRNDW 62, 70
PLQBIHDWXUHBVL]H 86
SLWFK 63
SURMHFWLRQ 64
UHIOHFWLRQV 90
UHIUDFWLRQV 90
UHQGHUBPRGH 75
ULJKWBFRORU 71
UROO 63
VFDQQLQJ 82
VKDGLQJ 84
VKDGRZV 90
VWHUHR 70
VXSHUVDPSOLQJ 88
YBFHQWHU 74
ZLGWK 73
\DZ 63
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YPD[�SDUDPHWHU 26

YPLQ�SDUDPWHU 26
YROXPH�SULPLWLYH 17, 25, 32
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