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6\OODEXV�RI�%��7HFK��LQ�(OHFWULFDO (QJLQHHULQJ

6HPHVWHU�9

+6,����B 0$1$*(0(17�6&,(1&(����������������������������������������������������������������������

%DVLF�&RQFHSWV�DQG�)XQFWLRQV�RI�0DQDJHPHQW�3ODQQLQJ

1DWXUH�� 3XUSRVH� DQG� 2EMHFWLYHV� RI� 3ODQQLQJ�� 2UJDQL]LQJ�� QDWXUH� DQG� 3XUSRVH�� $XWKRULW\� DQG�

5HVSRQVLELOLW\��6WDII�EXJ�� 6XSSO\�RI�+XPDQ�5HVRXUFHV�� 3HUIRUPDQFH�$SSUDLVDO��&RQWUROOLQJ�� 6\VWHP�

DQG�3URFHVV�RI�&RQWUROOLQJ��&RQWURO�7HFKQLTXHV�

+XPDQ�5HVRXUFH�0DQDJHPHQW

1DWXUH� DQG� 6FRSH� RI� +XPDQ� 5HVRXUFH� 3ODQQLQJ�� 7UDLQLQJ� DQG� 'HYHORSPHQW�� 5HFUXLWPHQW� DQG�

6HOHFWLRQ�� &DUHHU�*URZWK��*ULHYDQFHV��0RWLYDWLRQ� DQG� LWV� W\SHV��1HHG� )RU�0RWLYDWLRQ�� 5HZDUG� DQG�

3XQLVKPHQW��0RGHOV�IRU�0RWLYDWLRQ��/HDGHUV�

.LQG�RI�/HDGHUV�� OHDGHUVKLS�VW\OHV��5ROHV�DQG�)XQFWLRQ�RI�/HDGHUV��&RQIOLFW�0DQDJHPHQW��.LQGV�DQG�

&DXVH� RI� &RQIOLFW�� 6HWWOHPHQW� RI� &RQIOLFW�� *URXS� DQG� 7HDP� ?ZRUNLQJ�� 2UJDQL]DWLRQDO� 'HVLJQ� DQG�

'HYHORSPHQW�

0DUNHWLQJ�0DQDJHPHQW

0DUNHWLQJ� (QYLURQPHQW�� &RQVXPHU� 0DUNHWV� DQG� %X\HU� %HKDYLRU�� 0DUNHWLQJ� 0L[�� $GYHUWLVLQJ� DQG�

6DOHV�3URPRWLRQ� &KDQQHOV�RI�'LVWULEXWLRQ�

)LQDQFLDO�0DQDJHPHQW�DQG�$FFRXQWLQJ�&RQFHSWV

%RRN� .HHSLQJ�� )LQDQFLDO� 6WDWHPHQW� $QDO\VLV�� )LQDQFLDO� 5DWLRV�� &DSLWDO� %XGJHWLQJ�� %UHDN �(YHQ�

$QDO\VLV�

3URGXFWLRQ�2SHUDWLRQ�0DQDJHPHQW�

3ODQQLQJ�DQG�'HVLJQ�RI�3URGXFWLRQ�DQG�2SHUDWLRQ�6\VWHPV��)DFLOLWLHV�3ODQQLQJ��/RFDWLRQ��/D\RXW�DQG�

0RYHPHQW� RI�0DWHULDOV��0DWHULDOV�0DQDJHPHQW� DQG� ,QYHQWRU\��� &RQWURO��0DLQWHQDQFH� PDQDJHPHQW��

3(57�	�&30�

0DQDJHPHQW��,QIRUPDWLRQ�6\VWHP�

5ROH� RI� LQIRUPDWLRQ� LQ� GHFLVLRQ�PDNLQJ�� ,QIRUPDWLRQ� V\VWHP� SODQQLQJ�� 'HVLJQ� DQG� ,PSOHPHQWDWLRQ��

(YDOXDWLRQ�DQG�(IIHFWLYHQHVV�RI�,QIRUPDWLRQ�6\VWHP�

6WDWLVWLFDO�4XDOLW\�&RQWURO��740�DQG�,62�&HUWLILFDWLRQ

6RFLDO�DQG�(WKLFDO�,VVXHV�LQ�0DQDJHPHQW�

(WKLFV�LQ�PDQDJHPHQW��6RFLDO�)DFWRUV��8QIDLU�DQG�5HVWULFWLYH�7UDGH�3UDFWLFHV��6WUDWHJLF�DQG�

7HFKQRORJ\�0DQDJHPHQW�������������������������������������������������������������������������������

1HHG��1DWXUH��6FRSH�DQG�6WUDWHJ\��6:27�DQDO\VLV��YDOXH�DQG�FRQFHSWV
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((����� $1$/2*�(/(&7521,&6 �������

5HYLHZ�RI�FRQVWUXFWLRQ��RSHUDWLRQ DQG�FKDUDFWHULVWLFV�RI�'LRGH DQG

5HJLRQ�RI�RSHUDWLRQ� %LDVLQJ��%LDV�VWDELOLW\��&XUUHQW�PLUURU�ELDVLQJ��7UDQVLVWRU�DV�

DPSOLILHU� /RDG�OLQH�DQDO\VLV� 'HVLJQ�IRU�PD[LPXP�V\PPHWULFDO�VZLQJ��WKHUPDO�VWDELOL]DWLRQ��)(7��

-)(7�DQG�026)(7�GHYLFHV��'HYLFH�VWUXFWXUH�FKDUDFWHULVWLFV�DQG�HTXDWLRQV��)(7�DV�DQ�DPSOLILHU��

&RPPRQ�6RXUFH��&RPPRQ�'UDLQ�DQG�&RPPRQ�*DWH�FRQILJXUDWLRQV�

6PDOO�6LJQDO�$QDO\VLV�

0LG�IUHTXHQF\�UHVSRQVH�RI�%-7 DQG�)(7�FLUFXLWV��+\EULG�SDUDPHWHU PRGHOV�DQG

DQDO\VLV��/RZ�IUHTXHQF\�UHVSRQVH�LQFOXGLQJ�WKH�HIIHFWV�RI�HPLWWHU�E\SDVV�DQG�FRXSOLQJ FDSDFLWRUV��

+LJK�IUHTXHQF\�UHVSRQVH�

0XOWLVWDJH�7UDQVLVWRU�&LUFXLWV�

'LIIHUHQWLDO�DPSOLILHU��&DVFDGH�DPSOLILHU��LQWHUQDO�GHWDLOV�RI�2S�DPSV��VRPH�OLQHDU DQG�QRQ�OLQHDU�

DSSOLFDWLRQV�RI�2S�DPSV��6FKPLWW�WULJJHU�XVLQJ�2S�DPS�

/RZHU�$PSOLILHUV�

&ODVV�$��&ODVV�%��DQG�&ODVV�&�RSHUDWLRQ��3XVK�3XOO�$PSOLILHU��&RPSOHPHQWDU\ V\PPHWU\�

FRQILJXUDWLRQ��)HHGEDFN�LQ�$PSOLILHUV�

'LIIHUHQW�W\SHV�RI�IHHGEDFN��VWDELOLW\�DQG�RVFLOODWLRQ��:LHQ�EULGJH��3KDVH�6KLIW��&ROSLWWV�DQG�+DUWOH\�

2VFLOODWRUV�

2SHUDWLRQDO $PSOLILHUV������� XVH�DQG�LWV�DSSOLFDWLRQV

,QWURGXFWLRQ�WR�DQG�XVH�RI�&LUFXLW�6LPXODWLRQ�6RIWZDUH��63,&(��ZLWK�DQ�2S�DPS�

/LVW�RI�([SHULPHQWV�

7R�GHVLJQ�DQG�WHVW�RI�D PXOWLVWDJH�5&�FRXSOHG�DPSOLILHU�ZLWK�JLYHQ�VSHFLILFDWLRQV�

7R�GHVLJQ�DQG�WHVW�D�FXUUHQW�PLUURU�XVLQJ�%-7V

�D� 6HW�XS�DQ�5&�RVFLOODWRU�XVLQJ�D�%-7�WR�JLYH�VLQXVRLGDO�RXWSXW�DW���N+]�

�E� 6HW�XS�D�:LHQ�%ULGJH�RVFLOODWRU�XVLQJ�D�%-7�WR�JLYH VLQXVRLGDO�2XWSXW�DW���N+]�

7R�GHVLJQ�DQG�WHVW�D�VHULHV�YROWDJH�UHJXODWRU�ZLWK�VKRUW�FLUFXLW�SURWHFWLRQ�

7R�GHVLJQ�DQG�WHVW�D�FRPSOHPHQWDU\�V\PPHWU\�SRZHU�DPSOLILHU�DQG REVHUYH�LWV SHUIRUPDQFH�

7R�LPSOHPHQW�D�VXPPHU�DQG�LQWHJUDWRU�E\�XVLQJ�RS�DPS��
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6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

6HGUD��$GHO��6��DQG�6PLWK�.HQQHWK�&����0LFURHOHFWURQLF�&LUFXLWV�(QJLQHHULQJ���-XQH������

6HGUD��.��&���������3UREOHPV�6XSSOHPHQW�WR�0LFURHOHFWURQLF�&LUFXLWV���2[IRUG�8QLYHUVLW\�

3UHVV�������

5REHUWV� *��:��DQG�6HGUD��$��6����63,&(��7KH�2[IRUG�6HULHV�LQ�(OHFWULFDO�DQG�&RPSXWHU�

(QJLQHHULQJ����6HFRQG�(GLWLRQ�������

0LOOPDQ�	�7DXE���3XOVH�'LJLWDO�6ZLWFKLQJ�:DYHIRUPV��0F*UDZ�+LOO�
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,QWURGXFWLRQ�WR�&RQWURO�3UREOHP

6FRSH RI�FRQWURO��3DUWV�RI�D�&RQWURO�6\VWHP��0DWKHPDWLFDO�PRGHOLQJ�RI�SK\VLFDO�V\VWHPV�

0HFKDQLFDO��(OHFWULFDO� 7KHUPDO�DQG�+\GUDXOLF�V\VWHPV��'LIIHUHQWLDO�(TXDWLRQ��6\VWHPV�ZLWK�GHDG�

WLPH� 6\VWHP�UHVSRQVH��&RQWURO�KDUGZDUH�DQG�WKHLU�PRGHOV��3RWHQWLRPHWHUV��6\QFKURV��/9''7��'&�

DQG�$&�6HUYRPRWRUV��7DFKR�JHQHUDWRUV��(OHFWUR�K\GUDXOLF�YDOHV��+\GUDXOLF�VHUYRPRWRUV��(OHFWUR�

SQHXPDWLF�YDOYHV��3QHXPDWLF�DFWXDWRUV��&ORVHG�ORRS�V\VWHPV��%ORFN�GLDJUDP�DQG�6LJQDO�)ORZ�*UDSK�

DQDO\VLV��7UDQVIHU�IXQFWLRQ�

%DVLF�FKDUDFWHULVWLFV�RI�)HHGEDFN�&RQWURO�6\VWHPV

6WDELOLW\��6WHDG\�VWDWH�DFFXUDF\��7UDQVLHQW�DFFXUDF\��'LVWXUEDQFH�UHMHFWLRQ��6HQVLWLYLW\���DQG�

5REXVWQHVV��%DVLF�PRGHV�RI�IHHGEDFN�FRQWURO��3URSRUWLRQDO��,QWHJUDO�DQG�'HULYDWLYH��)HHG�IRUZDUG�DQG�

PXOWL�ORRS�&RQWURO�&RQILJXUDWLRQV��6WDELOLW\ FRQFHSW��5HODWLYH�VWDELOLW\��5RXWK�6WDELOLW\�FULWHULRQ�

7LPH�UHVSRQVH�RI�VHFRQG�RUGHU�V\VWHPV��VWHDG\�VWDWH�HUURUV��DQG�HUURU�FRQVWDQWV��3HUIRUPDQFH�

LQ�WLPH�GRPDLQ��5RRW�ORFXV�PHWKRG�RI�GHVLJQ��/HDG�DQG�/DJ�FRPSHQVDWLRQ��

)UHTXHQF\�UHVSRQVH�DQDO\VLV

5HODWLRQVKLS�EHWZHHQ�WLPH�DQG�IUHTXHQF\�UHVSRQVH��3RODU�SORWV��%RGH
V�SORW��VWDELOLW\�LQ�

IUHTXHQF\�GRPDLQ��1\TXLVW�SORWV��1\TXVLW�VWDELOLW\�FULWHULRQ��3HUIRUPDQFH�VSHFLILFDWLRQV�LQ�IUHTXHQF\�

GRPDLQ��)UHTXHQF\�GRPDLQ�PHWKRGV�RI�GHVLJQ� &RPSHQVDWLRQ�DQG�WKHLU�UHDOL]DWLRQ�LQ�WLPH�DQG�

IUHTXHQF\�GRPDLQ��/HDG�DQG�/DJ�FRPSHQVDWLRQ�

2S�DPS�EDVHG�DQG�GLJLWDO�LPSOHPHQWDWLRQ�RI�FRPSHQVDWRUV��7XQLQJ�SURFHVV�FRQWUROOHU��6WDWH�

YDULDEOH�IRUPXODWLRQ�DQG�VROXWLRQ�

6WDWH�YDULDEOH�$QDO\VLV

&RQFHSWV�RI�VWDWH��6WDWH�YDULDEOH��6WDWH�PRGHO��6WDWH�PRGHOV�IRU�OLQHDU�FRQWLQXRXV�WLPH�

IXQFWLRQV��'LDJRQDOL]DWLRQ�RI�WUDQVIHU�IXQFWLRQ��VROXWLRQ�RI�VWDWH�HTXDWLRQV��&RQFHSW�RI�FRQWUROODELOLW\�

DQG�REVHUYDELOLW\�

,QWURGXFWLRQ�WR�2SWLPDO�FRQWURO�DQG�1RQ�OLQHDU�FRQWURO

2SWLPDO�&RQWURO�SUREOHPV��5HJXODWRU�SUREOHP��2XWSXW�UHJXODWRU��7UHNNLQJ�SUREOHP��1RQ�OLQHDU�

V\VWHP� %DVLF�FRQFHSW�DQG�DQDO\VLV�

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

*RSDO��0����&RQWURO�6\VWHPV��3ULQFLSOHV�DQG�'HVLJQ���7DWD�0F*UDZ�+LOO�������

.XR��%��&����$XWRPDWLF�&RQWURO�6\VWHP���3UHQWLFH�+DOO��6L[WK�(GLWLRQ�������
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2JDWD��.����0RGHUQ�&RQWURO�(QJLQHHULQJ���3UHQWLFH�+DOO��6HFRQG�(GLWLRQ�������
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��SKDVH�,QGXFWLRQ�0RWRU�

5HYLHZ�RI�&RQVWUXFWLRQDO�GHWDLOV��3RO\�SKDVH�'LVWULEXWHG�$&�:LQGLQJV��SURGXFWLRQ�RI

(0)� &RXSOHG�FLUFXLW�HTXDWLRQV� 6WHDG\�VWDWH�DQDO\VLV�(TXLYDOHQW�FLUFXLW� 3KDVRU�GLDJUDP��3RZHU�IORZ�

GLDJUDP�DQG�WRUTXH�VOLS�FKDUDFWHULVWLFV��6WDUWLQJ�DQG�VSHHG�FRQWURO��(IIHFW�RI�URWRU�UHVLVWDQFH��GHHS�DQG�

GRXEOH�FDJH�URWRU��6SHHG�FRQWURO�VFKHPHV�LQFOXGLQJ�VROLG�VWDWH�DQG�YHFWRU�FRQWURO��%UDNLQJ�

(IIHFW� RI� VSDFH�WLPH� KDUPRQLFV� DQG� DQDO\VLV�� 7HVWLQJ�� /RVVHV� DQG� (IILFLHQF\�� ,QGXFWLRQ�

JHQHUDWRUV� *ULG�FRQQHFWHG�DQG�6HOI�H[FLWHG�PRGH��$SSOLFDWLRQV�

6LQJOH�3KDVH�0RWRUV�

,QGXFWLRQ�7\SHV� GRXEOH� ILHOG� UHYROYLQJ� WKHRU\�� HTXLYDOHQW� FLUFXLW��&KDUDFWHULVWLFV� 6WDUWLQJ� RI�

VLQJOH�SKDVH�PRWRU��6KDGHG�SROH�PDFKLQHV�

6\QFKURQRXV� W\SH +\VWHUHVLV� PRWRU�� 5HOXFWDQFH� PRWRU�� 6WHSSHU� PRWRUV�� 9DULDEOH� UHOXFWDQFH�

DQG�SHUPDQHQW�PDJQHW�W\SH��3HUPDQHQW�0DJQHW�6\QFKURQRXV�PRWRU��%UXVKOHVV�PRWRU�

6SHFLDO�(OHFWULF�0RWRUV

6ZLWFKHG UHOXFWDQFH� PRWRU� /LQHDU� PDFKLQHV�3RZHU� HQHUJ\� DQG� OHYLWDWLRQ� W\SHV�� 3HUPDQHQW�

0DJQHW�'&�PRWRUV�

0DFKLQHV�IRU�FRQWURO�6\VWHPV

'LVF� PRWRUV�� 3ULQWHG� &LUFXLW� 0RWRUV�� 6HUYR� PRWRUV� ��� $&� DQG� '&�� 7DFKR�JHQHUDWRUV��

6\QFKURV��'LVN�0DFKLQHV�
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/LVW�RI�([SHULPHQWV�

3DUDOOHO�RSHUDWLRQ�RI�WZR�LGHQWLFDO�WKUHH�SKDVH�WUDQVIRUPHUV�

1R�ORDG�VKRUW�FLUFXLW�DQG�]HUR�SRZHU�IDFWRU�WHVW�RQ�V\QFKURQRXV�PDFKLQH�

'HWHUPLQDWLRQ� RI� WRUTXH�VSHHG� FKDUDFWHULVWLFV� RI� D� ��SKDVH� LQGXFWLRQ� PDFKLQH� LQ� EUDNLQJ��

PRWRULQJ�DQG�JHQHUDWLQJ�UHJLRQV�DQG�LWV FDOLEUDWLRQ�

6WXG\�RI�WKH�HIIHFW�RI�URWRU�UHVLVWDQFH�RQ�WKH�ORDG�FKDUDFWHULVWLFV�RI�ZRXQG�URWRU�,QGXFWLRQ�PRWRU�

6SHHG� FRQWURO� RI� ,QGXFWLRQ� 0RWRU� FRQYHQWLRQDO� DQG� HOHFWURQLF� FRQWURO�� 6ROLG� VWDWH� VSHHG�

FRQWURO�XVLQJ��L��9�FRQVWDQW���LL��9�,�I�FRQVWDQW���LLL��6OLS�HQHUJ\�LQMHFWLRQ�

/RDG�FKDUDFWHULVWLFV�RI�,QGXFWLRQ�JHQHUDWRU�ZRUNLQJ�LQ��L��*ULG�FRQQHFWHG�PRGH���LL��6HOI �H[FLWHG�

PRGH�

'HWHUPLQDWLRQ�RI�HTXLYDOHQW�FLUFXLW�DQG�SDUDPHWHUV�RI�VLQJOH�SKDVH� ,QGXFWLRQ�0RWRU��3UHGLFWLRQ�

RI�WRUTXH�VSHHG�FKDUDFWHULVWLFV�DQG�YHULILFDWLRQ�RI�ORDG�WHVW�

/RDG� FKDUDFWHULVWLFV� RI� 8QLYHUVDO� 0RWRU�� RSHUDWLQJ� RQ� '&� DQG� $&� VXSSO\�� &RPSDULVRQ� RI�

SHUIRUPDQFH�ZLWK�WKH�WZR�UHVXOWV�

6WDUWLQJ� RI� 6OLS�ULQJ� ,QGXFWLRQ� 0RWRU� E\� XVLQJ� �D�� WKUHH�SKDVH� YDULDF�� �LL�� 6WDU

FRQQHFWHG UKHRVWDW���LLL��2LO�LPPHUVHG�URWRU�UHVLVWDQFH�VWDUWHU�

([SHULPHQWDO�GHWHUPLQDWLRQ�RI�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�WZR�SKDVH�VHUYR�PRWRU��

'HWHUPLQDWLRQ�RI�HTXLYDOHQW�FLUFXLW�SDUDPHWHUV�RI���SKDVH�,QGXFWLRQ�0RWRU�E\��L��1R�

ORDG�WHVW���LL��%ORFNHG�URWRU�WHVW��DQG�WR�GUDZ�WKH�FLUFOH�GLDJUDP�RI���SKDVH�,QGXFWLRQC�

0RWRU��

'HWHUPLQDWLRQ� RI� 7RUTXH� DQG� VOLS UDWH� FKDUDFWHULVWLFV� RI� 6WHSSHU� 0RWRU� DQG� GHWHUPLQDWLRQ� RI����

RSHUDWLQJ�UDQJH�

/RDG�FKDUDFWHULVWLFV�RI�K\VWHUHVLV�PRWRU�DQG�VKDGHG�SROH�PRWRU�

&KDUDFWHULVWLFV�RI�3HUPDQHQW�0DJQHW�0RWRU�

&KDUDFWHULVWLFV�RI�6ZLWFKHG�5HOXFWDQFH�0RWRU��������������������������������������������������������

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

0F3KHUVRQ��*HRUJH���,QWURGXFWLRQ�WR�(OHFWULF�0DFKLQHV�DQG�7UDQVIRUPHUV���-RKQ�:LOH\�DQG�

6RQV������

1DVHU�6\HG��$����(OHFWULF�0DFKLQH�DQG�7UDQVIRUPHU���1HZ�<RUN��0DFPLOODQ�������



��

6HQ��3��&����7K\ULVWRU�'&�'ULYHV���1HZ�<RUN��:LOH\�������

6HQ��3��&����3ULQFLSOHV�RI�(OHFWULF�0DFKLQHV�DQG�3RZHU�(OHFWURQLFV����6HFRQG�(GLWLRQ���-RKQ�

:LOH\�	�6RQV������

6D\��0��*����$OWHUQDWLQJ�&XUUHQW�0DFKLQHV�����WK�(GLWLRQ���(/%6�������

)LW]JHUDO��.LQJVOH\�&��DQG�8PDQV��6��'����(OHFWULF�0DFKLQHU\�����W�0F*UDZ�+LOO�%RRN�&R���

�����

0F3KHUVRQ��*��DQG�/DUDPRUH�5��'����$Q�,QWURGXFWLRQ�WR�(OHFWULFDO�0DFKLQHV�DQG�7UDQVIRUPHU���

���G (GLWLRQ���-RKQ�:LOH\�	�6RQV�������

6D\�0��*���DQG�7D\ORU��(�������'LUHFW�&XUUHQW�0DFKLQHV���UG�(G��3LWPDQ������

'HO�7RUR��9����(OHFWULFDO�0DFKLQHV�	�3RZHU�6\VWHPV���������3UHQWLFH�+DOO��,QF���(QJOHZRRG�

&OLIIV�������

'HO�7RUR��9����(OHFWURPHFKDQLFDO�'HYLFHV�IRU�(QHUJ\�&RQYHUVLRQ�	�&RQWURO�6\VWHPV���������3+,�

3YW��/WG��������

*DULN��0��/��	�:HLO��5��7����'&�	�$&�0DFKLQHV���$IILOLDWHG�(DVW�:HVW�3YW��/WG���(DVW�:HVW�

VWXGHQW�(GLWLRQ�������

.RVRZ��,��/����(OHFWULF�0DFKLQHU\�	�7UDQVIRUPHUV���3+,����G (G�������

*ULIILWKV��'��-����,QWURGXFWLRQ�WR�(OHFWURG\QDPLFV���3+,�������

1DVDU�6\HG��$����(OHFWULF�0DFKLQHV�	�3RZHU�6\VWHPV��9ROXPH�,���0F*UDZ�+LOO��,QF�8�6�$��������

1DVDU�6\HG��$��	�8QQHZHKU��/��(����(OHFWURPHFKDQLFV�	�(OHFWULF�0DFKLQHV��9ROXPH� ,)��-RKQ�

:LOH\�	�6RQV��&DQDGD�������

2SHQVKDZ�7D\RU��(����7KH�3HUIRUPDQFH�	�'HVLJQ�RI�$��&�&RPPXWDWRU�0RWRUV���$��+��:KHHOHU�	�&R���3��

/WG���$OODKDEDG�������

,YDQRY�6PRORQVN\��$����(OHFWULFDO�PRUKLHV�9RO�����0LU�3XEOLKVHUV�0RVFRZ�������

,YDQRY�6PRORQVN\��$����(OHFWULFDO�PDFKLHV�9RO�����0LU�3XEOLKVHUV�0RVFRZ�������

)LW]JHUDOG�� $�� (��	� .LQJVOH\� &KDUOHV�� -U��� �(OHFWULFDO�0DFKLQHU\�� ���G� (G����0F*UDZ� +LOO�	�

.RJDNXVKD�&RPSDQ\�/WG��-DSDQ�������
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6\VWHP�5HSUHVHQWDWLRQ

6LQJOH�OLQH�UHSUHVHQWDWLRQ��3HU�8QLW�V\VWHPV��0RGHOLQJ�RI�7UDQVIRUPHU��/RDG��6\QFKURQRXV�

PDFKLQHV�

)RUPDWLRQ�RI�1HWZRUN�0DWULFHV

%XV� DGPLWWDQFH� DQG� LPSHGDQFH� PDWULFHV�� $OJRULWKPV� IRU� IRUPDWLRQ� RI� =�%XV� DQG� <� %XV�

PDWULFHV��0RGLILFDWLRQ�RI�EXV�LPSHGDQFH�PDWUL[��6SDUVLW\�RULHQWHG�LQYHUVLRQV�IRU�<�%XV�

6KRUW�&LUFXLW�6WXGLHV

6KRUW�FLUFXLW�VWXGLHV�IRU�EDODQFHG�WKUHH�SKDVH�QHWZRUNV�IRU�YDULRXV�W\SHV�RI�VKXQW�IDXOWV�XVLQJ�

VHTXHQFH�QHWZRUNV��6KRUW�FLUFXLW�VWXGLHV�XVLQJ�=�%XV�PDWUL[O�

/RDG�)ORZ�6WXGLHV

3RZHU�V\VWHP�HTXDWLRQV��VROXWLRQ�WHFKQLTXHV��*DXVV�6HLGHO�LWHUDWLYH�PHWKRG��1HZWRQ�5DSKVRQ�

PHWKRG�� )DVW�FRXSOHG� PHWKRG�� &RPSDULVRQ� RI� PHWKRGV�� $FFHOHUDWLRQ� RI� FRQYHUJHQFH�� 9ROWDJH�

FRQWUROOHG�EXVVHV��'LJLWDO�FRPSXWHU�VWXGLHV�RI�ODG�IORZ��,QIRUPDWLRQ�IURP�ORDG�IORZ�

6WDELOLW\�6WXGLHV

6WDELOLW\� SUREOHP�� 6ZLQJ� HTXDWLRQ�� 3RZHU� DQJOH� HTXDWLRQ�� (TXDO� DUHD� FULWHULRQ� RI� VWDELOLW\��

(OHPHQWV�RI� VWHDG\�VWDWH�DQG�G\QDPLF�VWDELOLW\� VWXGLHV��0HWKRGV�RI�VLPXODWLRQ� IRU� WUDQVLHQW� VWDELOLW\��

5HSUHVHQWDWLRQ�RI�QHWZRUN��ORDG�DQG�JHQHUDWRUV��6\VWHP�VHFXULW\�FRQFHSWV��

3RZHU�6\VWHP�0RQLWRULQJ�DQG�&RQWURO

(FRQRPLF� RSHUDWLRQ� DQG� ORDG� GLVSDWFK�� (OHPHQWDU\� LGHDV� RI� YROWDJH� 9$5� DQG� ORDG�

IUHTXHQF\� FRQWUROV�� /RDG�IUHTXHQF\� FRQWURO� HOHPHQWV�� 9ROWDJH� FRQWURO� HOHPHQWV�� %ORFN� GLDJUDP�

UHSUHVHQWDWLRQ�RI�K\GUR�DQG�VWHDP�WXUELQH�JRYHUQRUV��7LH�OLQH�ELDV�FRQWURO�
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/LVW�RI�([SHULPHQWV�

3RZHU�)DFWRU�&RQWURO�RI�D�V\VWHP�H[FLWHG�E\�VLQJOH�SKDVH�VXSSO\�

7R�GHWHUPLQH�SKDVH�VHTXHQFH�RI�WKUHH�SKDVH�FLUFXLW�XVLQJ��L��5&�PHWKRG���LL��WZR�ODPS�

PHWKRG�

0HDVXUHPHQW�RI�(DUWK�UHVLVWDQFH�E\�(DUWK�7HVWHU�

6WXG\�RI�GLIIHUHQW�W\SH�RI�LQVXODWRUV�

6LPXODWLRQ�RI�'&�GLVWULEXWLRQ�E\�QHWZRUN�DQDO\]HU�

7R�GHWHUPLQH�SRVLWLYH��QHJDWLYH�DQG�]HUR�VHTXHQFH�LPSHGDQFH�RI�WKUHH�SKDVH�WUDQVIRUPHU���

WKUHH�SKDVH�LQGXFWLRQ�PRWRU�

3RZHU�)DFWRU�&RQWURO�RI�D�V\VWHP�H[FLWHG�E\�6LQJOH�SKDVH�VXSSO\�

6LPXODWLRQ�RI�'&�GLVWULEXWLRQ�E\�QHWZRUN�DQDO\]HU�

7R�GHWHUPLQH�JHQHUDOL]HG�FRQVWDQW�$��%��&��' RI�JLYHQ�V\VWHP�

7R�GHWHUPLQH�GLHOHFWULF�VWUHQJWK�RI�LQVXODWLQJ�RLO�

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

(OJHUG�����,����(OHFWULF�(QHUJ\�6\VWHP�7KHRU\��$Q�,QWURGFXWLRQ���7DWD�0F*UDZ�+LOO��6HFRQG�

(GLWLRQ�������

*DLQJHU�-RKQ��-��DQG�6WHYHQVRQ���:��'��-U����3RZHU�6\VWHP�$QDO\VLV���0F*UDZ�+LOO�������

.XQGXU��3����3RZHU�6\VWHP�6WDELOLW\�DQG�&RQWURO���0F*UDZ�+LOO�������

:LOH\�	�6RQV�������
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1XPEHU�6\VWHPV�DQG�&RGHV

'HFLPDO�2GRPHWHU��%LQDU\�2GRPHWHU��1XPEHU�&RGHV��:K\�%LQDU\�QXPEHUV�DUH�XVHG��%LQDU\�

WR�'HFLPDO�&RQYHUVLRQ��'HFLPDO�WR�%LQDU\�&RQYHUVLRQ��+H[DGHFLPDO�1XPEHUV��+H[DGHFLPDO�%LQDU\�

&RQYHUVLRQ�� +H[DGHFLPDO�WR�'HFLPDO� &RQYHUVLRQ�� 'HFLPDO�WR +H[DGHFLPDO� &RQYHUVLRQ�� %&'�

1XPEHUV��7KH�$6&,,�&RGH�

*DWHV

,QYHUWHU��25��$1'��127��125��DQG�1$1'�*DWHV��%RROHDQ�DOJHEUD��'H�0RUJDQ
V�6HFRQG�

7KHRUHP��([FOXVLYH�125�*DWH��&RQWUROOHG�,QYHUWHU�

77/�&LUFXLWV

'LJLWDO�,QWHJUDWHG�&LUFXLWV�������'HYLFHV��77/�&KDUDFWHULVWLFV��77/�2YHUYLHZ��DQG�25�,QYHUW�

*DWHV��2SHQ�&ROOHFWRU�*DWHV��0XOWLSOH[HUV�

%RROHDQ�$OJHEUD�DQG�.DUQDXJK�0DSV

%RROHDQ�5HODWLRQV��6XP�RI�3URGXFWV�PHWKRG��$OJHUDLF�6LPSOLILFDWLRQ��.DUQDXJK�PDSV��3DUV��

:DGV��DQG�2FWHWV��.DUQDXJK�VLPSOLILFDWLRQV��'RQ
W�&DUH�&RQGLWLRQV��

$ULWKPHWLF�/RJLF�8QLWV

%LQDU\�$GGLWLRQ��%LQDU\�6XEWUDFWLRQ��+DOI�$GGHUV��)XOO�$GGHUV��%LQDU\�$GGUHVV��6LQJHG�%LQDU\

1XPEHUV���
V�&RPSOHPHQW���
V�&RPSOHPHQW�$GGHU�6XEWUDFWRU�

)OLS�)ORSV

56�/DWFKHV��/HYHO�&ORFNLQJ��'�/DWFKHV��(GJH�7ULJJHUHG�'�)OLS�)ORSV��(GJH�WULJJHUHG��.�

0DVWHU�6ODYH�)OLS�)ORS�

5HJLVWHUV�DQG�&RXQWHUV

%XIIHU� 5HJLVWHUV�� 6KLIW� 5HJLVWHUV�� &RQWUROOHG� 6KLIW� 5HJLVWHUV�� 5LSSOH� &RXQWHU�� 6\QFKURQRXV�

&RXQWHUV��5LQJ�&RXQWHUV��2WKHU�&RXQWHUV��7KUHH�6WDWH�5HJLVWHU��%XV�2UJDQL]H�FRPSXWHUV�

0HPRULHV

5$0V�520V��3520V��(3520V��77/�0HPRU\��+H[DGHFLPDO�$GGUHVVHV
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/LVW�RI�([SHULPHQWV�

9HULILFDWLRQ�RI�/RJLF�*DWHV�

9HULILFDWLRQ�DQG�UHDOL]DWLRQ�RI�GLIIHUHQW )ORS�)ORSV

6WXG\�RI���%LW�5HJLVWHU�

6WXG\�RI�6\QFKURQRXV�&RXQWHU

6WXG\�RI�%&'�&RXQWHU

6WXG\�RI�5LSSOH�&RXQWHU

'HVLJQ�RI�02'���&RXQWHU

'HVLJQ�RI�8S�DQG�'RZQ�&RXQWHU

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

0DOYLQR��$��3���'LJLWDO�&RPSXWHU�(OHFWURQLFV��

7DXE�	�6KLOOLQJ���'LJLWDO�,QWHJUDWHG�(OHFWURQLFV���0F*UDZ�+LOO�������


